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1.0 INTRODUCTION

1.1 Background

LTV Steel Company owns, or co-owns with Hanna Furnace Corporation, a vacant
industrial property located on the Buffalo River in Buffalo, New York (Figure 1-1 and
Figure 1-2). The vacant industrial property, hereinafter referred to as the Steel
Manufacturing Site or Site, was divided up into the following four parcels, shown on

Figure 1-3, based on the operational and ownership history of each:

» Area [~ Former Republic (LTV) Steel Plant
= Area Il — Former Donner-Hanna Coke Plant
»  Area IIl - Former Republic (LTV) Warehouse

s Area IV — Former Donner-Hanna Coke Yard

A Voluntary Cleanup Site Assessment Report (Malcolm Pirnie, 1997) was prepared to
assess the environmental condition of the Steel Manufacturing Site and to establish a
voluntary remediation plan to support future redevelopment of the Site as a light
industrial/corporate park. Based on its review of the Voluntary Cleanup Site Assessment
Report, the New York State Department of Environmental Conservation (NYSDEC)
requested that additional investigations be performed at the Site to characterize perimeter
groundwater conditions and to serve as a basis for formalizing a voluntary cleanup

application and remedial design plans.
1.2 Purpose and Scope .
The purpose of this report is to present a revised Voluntary Cleanup Plan for Area I based

upon the results of the additional Area I investigations and site-specific risk-based

cleanup levels proposed for the site.
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FIGURE 1-1 : FORMER REPUBLIC STEEL PLANT AREA REGIONAL MAP
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FIGURE 1-2 : STEEL MANUFACTURING SITE VICINITY MAP
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Supplemental»investigations are on-going in Areas II, III, and IV. Revised Voluntary
Cleanup Plans for these Areas will be prepared and presented to the NYSDEC upon

completion scheduled for mid - to late - November 1998,

It is the intent of the Site owners to voluntarily cleanup the entire Steel Manufacturing
Site. Area I was singled out for fast-track cleanup and redevelopment for the following

reasons:

* The City of Buffalo and the Buffalo Economic Renaissance Corporation have
urged the volunteers to make a major portion of the Site available for sale and
redevelopment as soon as possible.

* Considerable interest has been expressed by prospective buyers/developers in the
Steel Manufacturing Site.

* Based on site investigation results, Area I exhibits the fewest number of
environmental conditions requiring cleanup.

* Cleanup of Area I can be completed and the Area made available for sale by the
Summer of 1999 without delaying or interfering with cleanup of the remainder of
the site.

* Area I is the natural choice for initial redevelopment based on existing
infrastructure.

0002-003 1-2 <
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20 DEVELOPMENT OF SITE-SPECIFIC RISK-BASED
SCREENING LEVELS

2.1 General

The LTV Steel/Donner-Hanna site is a Brownfields site intended for re-development for
light industrial or corporate office uses under New York State's Voluntary Cleanup
Program. Accordingly, the primary consideration in the determination of acceptable
clean-up or screening levels for the site is the potential risk to human health posed by ——
residual chemical constituents in the soils and groundwater. Specifically, the degree to
which these analytes are likely to be directly or indirectly encountered, both during or
following site development, and potentially impact human health due to their properties
forms the basis for development of acceptable risk-based screening levels (RBSLs). The
site-specific RBSLs derived herein will, in turn, provide a sound basis upon which
decisions for voluntary cleanup and/or redevelopment can be made. As with all risk-
based cleanup approaches, the calculated screening levels should be regarded as site-
specific guidance values rather than definitive clean-up thresholds. Hence, the RBSLs
should be regarded as screening values that, in combination with other site factors, will
assist in determining of the suitability of the site parcels for commercial/light industrial
redevelopment without further removal or clean-up actions.

A discussion of the site-specific parameters of interest and the proposed RBSLs
for soils and groundwater at the LTV/Donner-Hanna site is presented in this section.
Although discussed in the context of Area I, these RBSLs are intended to apply to all

areas of the site.

2.2 Parameters of Interest

A comprehensive discussion of the nature and extent of contamination in Area I is
presented in Sections 3 and 4. In general, analytes detected across the LTV/Donner-
Hanna site at elevated concentrations are the common byproducts of coal handling, coke

(or manufactured gas plant) processing, and steel manufacturing operations. These

&

analytes or parameters of interest are summarized below:
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« Volatile Organic Compounds (VOCs) - VOCs present in elevated
concentrations in site soils and groundwater are limited to benzene, toluene,
ethylbenzene, and xylene (i.e., BTEX).

« Polynuclear Aromatic Hydrocarbons (PAHs) — PAHs are byproducts of
incomplete combustion and impurities in petroleum products. As such, they are
commonly found in urban soil environments. They are present in site soils with
elevated concentrations in certain areas of the LTV Steel/Donner-Hanna property.
Specific PAH compounds that are known to represent a human health risk and/or
are present in elevated concentrations are almost exclusively limited to
benzo(a)anthracene, benzo(a)pyrene, benzo(b)fluoranthene, benzo(k)-
fluoranthene, chrysene, and dibenzo(a,h)anthracene.

« Inorganics - or heavy metals are present in site soils and to a lesser extent in
groundwater (primarily due to adsorption on particulates) in certain areas of the
property. Most of these levels are commonly found in soils at trace levels.
Inorganics present in site soils at elevated concentrations relative to "background"
or typical concentrations include lead, arsenic, chromium, zinc, and copper.
Mercury is also present in isolated instances.

+  Cyanide - is present in stable form in certain areas of the site soils outside of Area
I, and in lower concentrations in corresponding site groundwater. Cyanide is
believed to be complexed with iron and other inorganics.

Area I exhibits certain indicator parameters as a result of its historical use as a steel
manufacturing area. BTEX and PAH compounds are believed present in Area I as a
result of petroleum product use and coal/coke handling. Similarly, inorganic indicator
parameters and a number of other inorganic analytes are believed present in Area I as
byproducts from past steel production processes. As indicated above, cyanide is not a
parameter of concern in Area I, but is discussed in this section in the context of
developing risk-based screening levels pertinent to the entire LTV Steel/Donner-Hanna

site.

0002-003 2-
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2.3  Determination of Risk-Based Screening Levels for Site Soils
2.3.1 Organic Compounds

Risk-based screening levels are dependent on the nature of the contamination and
the potential routes of exposure, both during and following site development. For
organic compounds in soil media, potential routes of exposure to site workers would be
through:

. incidental ingestion of contaminated soils
« direct skin contact with the contamination or contaminated soil

« inhalation of volatilized contaminants/airborne dust resulting from site
redevelopment activity

« inhalation of contaminant vapors accumulating in buildings

Site improvements, including both proposed voluntary cleanup measures and site
development (i.e., paving, covering the site with clean soils and vegetation following
development, and vegetative landscaping) will mitigate the potential for exposure
through the first three scenarios identified above. Exposure under these three scenarios
may occur in the limited instances where: surficial, unvegetated soil contamination is
released as airborne particulates (i.e., dust); direct release of volatile organics from
contaminated soils; or when subsurface excavation is performed (e.g., by utility or
foundation workers). The remaining scenario is unlikely and would only potentially
occur if a building was constructed over areas containing elevated volatile organic
concentrations and if engineering environmental controls (i.e., ventilation) were not
installed in the building, such as in a shed or other structure not intended for routine
occupancy.

Cleanup goals for organic-contaminated soils that are intended to be protective of

human health under an ingestion exposure scenario are presented in the New York State

Department of Environmental Conservation (NYSDEC) Technical and Administrative

Guidance Memorandum (TAGM) 4046: Determination of Soil Cleanup Objectives and
Cleanup Levels. TAGM 4046 identifies the following bases for deriving health risk-

=

based cleanup objectives for organics:
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« Human health-based levels for systemic toxicants, calculated from Reference
Doses (i.e., RfDs, established as the amount of exposure an individual can
experience without appreciable risk of health effects during a lifetime).

«  Human health-based levels that correspond to excess lifetime cancer risks of 1 in
1,000,000 for Class A and Class B carcinogens, and 1 in 100,000 for Class C
carcinogens. Classes A, B and C correspond to proven, probable and possible
carcinogens, respectively.

For systemic toxicants, the NYSDEC TAGM 4046 recommended soil clean up objectives
are based on a residential exposure scenario, whereby children of ages one to six years
intake 200 milligrams of soil per day, 350 days per year, over a five year exposure
period.  The corresponding soil cleanup objective is therefore the maximum
concentration of toxicant in the soil that can be ingested under this exposure scenario
without experiencing appreciable health effects. Similarly, for carcinogens a residential
exposure scenario is assumed whereby a child having an average body weight of 15 kg
ingests 200 mg of soil per day, 350 days per year for the first 6 years of their life, then
ingests 100 mg per day until age 30 at an average body weight of 70 kg. The
corresponding soil cleanup objective is then determined as the maximum concentration of
carcinogen that can be present in soil under this exposure scenario without experiencing
appreciable increase in cancer risk. It should be noted, however, that the referenced
excess lifetime cancer risk is a mathematical risk, not an actual risk. That is, the 1 in
1,000,000 excess cancer risk does not equate to the probability of one out of every 1
million persons exposed under this scenario will develop cancer. Rather, the 1 in
1,000,000 excess cancer risk estimate is a value determined by the Federal Food and
Drug Administration (FDA) as representing an increase in an individual’s risk of
developing cancer that is so small as to be of negligible concern. U.S. Federal and State
regulatory agencies have adopted a one-in-one-million excess cancer risk as being of
negligible concern in situations where large populations (hundreds of millions) are
involuntarily exposed to potential carcinogens, such as with food additives. When
smaller populations are exposed in occupational settings, such as would be the case here,

theoretical excess cancer risks of 1 in 10,000 have been considered acceptable by both

<

Federal and State agencies (Ref 1).
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Given the generic, residential basis for the cleanup goals presented in TAGM
4046, it is apparent that a more appropriate method for determining screening levels is to
consider proposed site use, site-specific contaminants and exposure potential. The
American Society of Testing and Materials (ASTM) provides a health risk-based
methodology for development of screening levels for the organic parameters of concern
at the site under ASTM E 1739 - 95 (see Appendix A). These screening levels can be
calculated for commercial/industrial exposure scenarios which are more realistic, and
consequently more appropriate for brownfields redevelopment than are the generic, ~*—
residential-type cleanup goals presented in TAGM 4046. ASTM E 1739 - 95 provides
for up to three (3) sequential evaluations, termed Tier 1 through Tier 3, with each
successive evaluation incorporating a lesser degree of conservatism via more complex
predictive modeling and credit for biodegradation, dilution, and other forms of natural
attenuation. The Tier 1 evaluation incorporates use of standard exposure assessment
methodology, such as suggested by USEPA, including standard commercial/industrial
exposure parameters to develop Risk-Based Screening Levels (RBSLs). These RBSLs
may then be used as cleanup goals if there is reasonable certainty that the soil
concentrations will not increase with time. If the RBSLs are too restrictive, the ASTM
method suggests performing the less conservative Tier 2 or Tier 3 analysis, as necessary.

To develop RBSLs that address the exposure scenarios discussed above, a Tier 1
analysis was performed for the LTV Steel/Donner-Hanna site in accordance with ASTM
E 1739 - 95. The Tier 1 analysis prescribed by the standard involves comparison of
assumptions used to develop the sample look-up table provided in the guidance with site-
specific exposure and physical considerations. Specifically, the sample look-up table
provides RBSLs for BTEX and benzo(a)pyrene, as well a listing of the assumed exposure
values and physical/chemical values used in the development of those RBSLs. If the
assumptions are considered valid, the published look-up values are used. For parameters
where the assumptions are not considered valid or for which a look-up value is not
published, the user is required to recalculate or derive the RBSL, as appropriate.

The results of the Tier 1 evaluation for organic indicator parameters at the LTV
Steel/Donner-Hanna site are presented in Table 2-1, attached. As indicated in Table 2-1,
the evaluation considered exposure through direct intake of contaminants via incidental

=
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ingestion, inhalation or contact with surface soils, as well as indirect exposure through
inhalation of vapors entering unventilated buildings (less than 0.002 cubic feet per hour
air exchange). The RBSLs provided in Table 2-1 for BTEX and benzo(a)pyrene were
taken from the RBSL look-up table following review and confirmation of the
appropriateness of the variables. For the remaining PAH compounds, the RBSLs were
developed in accordance with the equations and methodology prescribed by the ASTM
standard. Development of these RBSLs was performed by a risk assessment specialist
and toxicologist with Steven Winter Associates (SWA). A report explaining the
methodology used to derive the RBSL's for the PAHs is presented in Appendix B. As
indicated in Table 2-1, RBSLs for the PAH's of interest at the site are driven by excess
cancer risk associated with ingestion, whereas the RBSL for benzene is driven by
inhalation risk. However, as discussed above, this indoor inhalation exposure pathway
effectively assumes no building ventilation or other preventative engineering measures
for mitigating vapor build-up in on-site structures. The implementation of standard
ventilation as required by NY State building code for opccupied structures significantly
reduces this potential risk. Other rudimentary engineering controls such as foundation
vents, membranes installed beneath floor slabs, or simply selectively building locations to
avoid residual VOCs would also mitigate this pathway.

The RBSLs presented in Table 2-1 are appropriate for use at the LTV

Steel/Donner-Hanna site as they follow the identical formula for the ingestion-based

portion of the risk assessment as NYSDEC used to derive the health risk-based cleanup
objectives provided in TAGM 4046. The differences between the TAGM 4046 health-
risk based values and the ASTM-based RBSLs are strictly limited to:

« exposure frequency (350 days/year residential under the TAGM vs. 250
days/year occupational under the ASTM standard). It should be noted that
for generalized worker scenarios, NYSDOH has considered as exposure
frequency of 5 days/week for 8 months/year to be acceptable; this equates to
173 days per year. However; for conservatism 250 days/year was used in the
calculations.

« intake level. For carcinogens, the TAGM assumes a residential intake of 200
mg soil/day at 15 kg body weight for 6 years + 100 mg/day at 70 kg body
weight for 24 years. The ASTM Standard assumes an occupational intake of
50 mg/day at 70 kg body weight for 25 years, which is consistent with

0002-003 2.6



standard assumptions used by USEPA, NYSDOH and others. For toxicants,
the TAGM assumes a reference dose exposure level for a 15 kg child
ingesting 200 mg of soil/day; the ASTM standard assumes a reference dose
exposure level for a 70 kg adult ingesting 50 mg of soil per day.

. excess cancer risk (1 x 10 under the TAGM vs. 1 x 10 under the ASTM
Standard).

« non-ingestion factors. The TAGM does not consider other critical exposure
pathways for organics (i.e., inhalation, skin contact). The ASTM Standard
methodology significantly reduces the screening level concentration to
account for these pathways in addition to the ingestion pathway.

Thus, the net difference between the TAGM health-risk based values and the ASTM
RBSLs is simply a function of occupational vs. residential exposure levels, with the
ASTM approach also considering the inhalation and skin contact pathways. In fact,
SWA contacted Mr. Eric Obrecht at NYSDEC's Albany office to discuss the basis for
TAGM 4046 cleanup levels for PAHs, as it was not apparent how certain TAGM values
were derived. Mr. Obrecht explained that the current TAGM values for a number of the
PAHs, including the PAHs of interest at this site, are outdated and will be re-calculated
using more up-to-date and defensible oral slope values. He also indicated that TAGM
4046 will likely be revised in the near future to reflect oral slope values currently
recommended by the New York State Department of Health (as explained in Appendix B.
SJW used these same oral slope values in calculating the RBSLs for the PAHs).

In addition to being consistent with risk-based methodology employed by
NYSDEC, the site-specific RBSLs described herein are conservative on the basis that the
assumed exposure rates and pathways are positively biased. Specifically, the site-specific
RBSLs assume working in dry, outdoor conditions every working day. They do not
consider that site development will involve covering practically the entire site with
asphalt, structures or soils, after which the potential for exposure to soil is practically
eliminated. Natural re-vegetation, already occurring across large portions of the site, will
also bind and shield soils from wind and erosion until final cover is placed. Utility and
foundation worker exposure to trench soils will involve even lower exposure frequency
than that assumed in the calculation, as development certainly will not involve

continuous construction over a 25-year period. More likely, staged development efforts
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by site developers and builders will limit individual construction workers to exposures on
the order of several weeks or months.

On the basis of the above evaluations, it is proposed that the most restrictive
RBSLs developed through ASTM E1739 and presented in Table 2-1 be used as Site-

Specific Screening Levels for organic indicator parameters in the site soils.

2.3.2 Inorganics

The primary routes of worker exposure to inorganic contamination in site soils at
the LTV/Donner-Hanna site essentially involve the same pathways as for organic
contaminants, discounting significant exposure from inhalation of volatilized

contaminant vapors. Thus, the major routes of exposure for inorganics in soils include:

» incidental ingestion of contaminated soils
o  direct skin contact with the contamination or contaminated soils

+  inhalation of wind-blown contaminated surface soils (i.e., dust)

NYSDEC's TAGM 4046 identifies the same basis for deriving health risk-based cleanup
objectives for inorganic contaminants in soils as for organics in soils (i.e., human health-
based levels for systemic toxicants, calculated from Reference Doses; and human health-
based levels that correspond to excess lifetime cancer risks of 1 in 1,000,000 for Class A
and B carcinogens, and 1 in 100,000 for Class C carcinogens). However, TAGM 4046
effectively acknowledges that with the exception of certain metal salts and hexavalent
chromium compounds, none of which are known.to be present at the LTV Steel/Donner-
Hanna Site, background inorganic concentrations may exceed these health-based levels.
The TAGM therefore recommends development of cleanup objectives for inorganics in
soils based on either health (ingestion)-based values or background values, with the latter
determined from site-specific background data or reference data for soils in eastern
U.S./New York State.

To determine appropriate health-risk based screening levels for inorganics
consistent with the method endorsed by the TAGM, the ingestion-specific portion of the
exposure formula for non-carcinogens presented in ASTM E 1739 - 95 was used (see

<
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Table 2-2). The formula considers reference doses and occupational exposure criteria to
derive risk-based screening levels protective of health impacts from incidental ingestion.
The portion of the ASTM formula accounting for impact of volatilized particulates
entering the lungs is not relevant for inorganics. Table 2-2 presents the RBSLs for those
inorganic parameters where USEPA has published a chronic oral reference dose in its
IRIS database.

For parameters where an oral reference dose has not been published by USEPA, it
is recommended that screening levels be established based on the higher of reported
values for background inorganic concentrations in the eastern U.S. and New York State,
as presented in TAGM 4046, or site-specific values. Site-specific values are available
from a sample collected at a property on South Park Avenue (i.e., the Truscon site).
Selection of the upper value as the screening level is appropriate and conservative not
only because future site development is likely to mitigate exposures to site soils, but also
because the upper range background number typically represents residential background
concentrations, albeit in a suburban or metropolitan area.

On the basis of the above discussion, Table 2-2 presents recommended Site
Specific Screening Levels for the inorganic parameters of interest at the LTV
Steel/Donner-Hanna site, as well as other inorganic parameters detected in the soils in

Areal.

2.3.3 Cyanide

Potential exposure pathways for cyanide in the site soils are identical to those for
the inorganic parameters of interest. In general, the toxicity of cyanide complexes is
dependent on its availability to organisms, which is a function of the susceptibility of the
compounds to chlorination, acidification, and hydrolysis. = Measurement of the
susceptibility of cyanide complexes to these phenomena is accomplished through
comparison of the total cyanide concentrations in the site soils relative to amenable
cyanide concentrations in the same material. The difference between the total and
amenable cyanide concentrations reflects the amount of cyanide present as highly stable

metal complexes, which are typically unavailable to living organisms (Ref. 2).
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TABLE 2-2
SUPPLEMENTAL SITE ASSESSMENT AND VOLUNTARY CLEANUP PLAN FOR
AREA 1 - FORMER STEEL PLANT PARCEL
RISK-BASED SCREENING LEVELS
FOR INORGANIC PARAMETERS OF INTEREST"
RfD RBSL Max. Background Screening
Parameter (mg/kg-d) (mg/kg) Conc.? (mg/kg) | Level (mg/kg)
Aluminum N/A N/A 33000 33000
Arsenic 3.00E-04 613.2 12 613
Barium N/A N/A 600 600
Beryllium 2.00E-03 4088 1.75 4088
Cadmium N/A N/A 1 1
Calcium N/A N/A 44400* 44,400
Chromium (trivalent) 1.5 3066000 40 Note 3
Cobalt N/A N/A 60 60
Copper N/A N/A 55.7* 55.7
Iron N/A N/A 550,000 550000
Lead N/A N/A 500 500
Magnesium N/A N/A 7920* 7920
Manganese 0.14 286160 5000 286160
Mercury N/A N/A 0.211% 0.211
Nickel 2.00E-02 40880 25 40880
Potassium N/A N/A 43000 43000
Selenium 5.00E-03 10220 12.7 10220
Silver 5.00E-03 10220 1.27 10220
Sodium N/A N/A 8000 8000
Vanadium N/A N/A 300 300
Zinc 0.3 613200 138 613200

1 - RBSL calculated based on ingestion risk in accordance with the following formula (derived from

ASTM E 1739-95):

RBSL = THOQ x BW x ATy x 365days/yr x RfD

Where:

EFxEDx 10° kg/mg x IR ; x RAF,

THQ = Toxic Hazard Quotient = 1
BW = Body Weight = 70 KG
ATN = Averaging Time for Non-Carcinogens = 25 yrs
RfD = Oral Reference Dose (chemical-specific, from IRIS)
EF = Exposure Frequency = 250 days/year

ED = Exposure Duration = 25 years

IR,y = Soil ingestion rate = 50 mg/day

RAF, = Oral relative absorption factor = 1

2 - Based on highest values of Eastern U.S./NY State background concentration data

(per TAGM 4046) or site-specific background (from Truscon site).

Values flagged with an asterisk represent Truscon site data.

3 - Not Applicable - greater than 100%

BTURN Key
ENVIRONMENTAL
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An additional indicator of the health hazard associated with cyanide complexes is
the amount of the total matrix that is available to react with hydrogen (i.e., at low pH) to
form hydrogen cyanide (HCN) gas. The cyanide reactivity test provides a measurement
of the amount of hydrogen cyanide liberated by the soil or waste material as it is
subjected to acidic conditions. A comparison of the mass of HCN liberated relative to the
sample mass provides a cyanide reactivity value, which is used under the Federal RCRA
program in support of determining whether the material is characteristically hazardous.

Several soil samples from Areas II and III of the LTV Steel/Donner-Hanna site
that exhibited elevated total cyanide concentrations were also analyzed for amenable and
reactive cyanide. In all instances, amenable cyanide was present at very low or non-
detectable levels, and reactive cyanide was not detected. Thus, the cyanide present in
soils at the LTV Steel/Donner-Hanna site appears to be in highly stable form, and poses
negligible health threat.

TAGM 4046 acknowledges that toxicity of cyanide varies according to the
stability of the complex, and that background cyanide concentrations are not considered
an applicable factor in the determination of cleanup goals. Hence, the TAGM does not
provide a generic cleanup goal for this material. In absence of any other NY State
guidance for cyanide cleanup goals, pertinent USEPA guidance was reviewed. USEPA
Region III and Region IX preliminary remediation levels for free cyanide in industrial
soils are 41,000 mg/kg and 21,400 mg/kg, respectively, where free cyanide is essentially
synonymous with amenable cyanide. Alternatively, USEPA's Soil Screening Guidance
Technical Manual cites a generic screening level of 1,600 mg/kg for amenable cyanide.
For purpose of conservatism, 1,600 mg/kg amenable cyanide is proposed as the cyanide

Site Specific Screening Level for soils at the LTV Steel/Donner-Hanna site.

24 Groundwater

A detailed assessment of groundwater quality in Area I of the site is presented in
Section 4. In general, groundwater contamination at the LTV Steel/Donner-Hanna site
poses little potential for health impact to site workers. Since municipal potable water will
be used for consumption, sanitary and process purposes, the only potential for significant
intake of contaminants present in the groundwater would be through direct contact with

=

0002-003 2-10



and/or inhalation of wvolatile organic contaminants during active groundwater
management (viz., during dewatering activities, such as by utility or foundation workers).

Although direct contact with and/or volatilization from groundwater during active
management may pose a short-term exposure scenario, this is generally controllable with
appropriate personal protection, and will by no means represent a chronic occurrence. In
fact, health-based groundwater remediation guidance values for acute €XpOSsure scenarios
of this nature are not generally available, nor does ASTM E 1739 - 95 provide a method
for deriving such values. It is therefore proposed that groundwater screening levels be
based strictly upon potential impact to sensitive off-site receptors as addressed in Section

4 of this document.
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3.0 SOIL ASSESSMENT
3.1 General

The Phase I Environmental Site Assessment for the LTV Steel/Donner-Hanna Site
(Reference 3) originally identified 13 subareas within the former Republic Steel plant
parcel (Area I) where past operations may have resulted in potential environmental
conditions. Consequently, a Phase II investigation incorporating soil and groundwater
sample collection and analysis was performed (Ref. 3) to ascertain whether impacts to the
property had resulted from these past operations. The Phase II investigation determined
that only three (3) of the thirteen subareas exhibited elevated parameter levels in the soils
relative to USEPA Region III risk-based concentrations. These subareas, designated as
E, K and L, represented the former machine shop/electric shop, the former fuel oil
storage subarea, and the former stockhouse or tar/fuel oil underground piping subarea,
respectively. Parameters elevated relative to USEPA Region III risk-based
concentrations were primarily limited to the PAHs of concern discussed in Section 2.0,

which were believed to be the result of former fuel oil transport and storage operations.

In addition, several inorganic parameters were also detected across Area I in
concentrations at or above background levels from a nearby property.

The Phase II results were summarized in the September 1997 Voluntary Cleanup
Site Assessment Report prepared for LTV Steel Company and Hanna Furnace
Corporation. In concert with the voluntary cleanup agreement, NYSDEC reviewed and
provided technical comment on the report. Issues raised by NYSDEC relative to Area I
included the need for further investigation of the former transformer subarea (i.e., subarea
H), as well as concerns regarding the use of EPA Region III risk-based concentrations as
screening values for the site soils. In addition, NYSDEC indicated that additional
background data would be needed for comparison to site inorganic levels. A
Supplemental Field Investigation was performed in March 1998 to provide additional
characterization of subarea H and other areas of the site.

The following discussions present the Supplemental Field Investigation results for

subarea H, as well as a comprehensive overview of all of the soil characterization data
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obtained for Area I to date. A comparative discussion of the results relative to the site-

specific risk-based screening levels (RBSLs) presented in Section 2 is also provided.

3.2  Transformer Area (Subarea H)

In accordance with the Supplemental Field Investigation Work Plan, a soil sample was
collected from the former Area I transformer area (subarea H) in May 1998 for
polychlorinated biphenyl (PCB) analysis. The sample, designated A1-SB-H3 (see Figure
3-2) was collected by advancing 4-1/4 inch hollow stem augers to a depth of four feet
below ground surface. During borehole advancement, continuous split-spoon samples
were collected to a depth of eight feet below ground surface. These split-spoon samples
were inspected and described on a stratigraphic borehole log by an on-site geologist. Fill
material, consisting primarily of silty sand, slag, and brick, was encountered to a depth of
approximately 4.4 feet below ground surface. Native soil, described as brown, moist,
clayey silt, was encountered beneath the fill. One composite soil sample was collected
from the lower fill interval (2.7 to 4.4 feet below ground surface) and analyzed for PCBs.
The results of the analysis showed that no PCBs were present in the transformer
subarea split-spoon sample with the exception of Aroclor 1254, which was detected at an
estimated concentration of 0.029J mg/kg. This PCB concentration is significantly lower
than the corresponding New York State Department of Environmental Conservation
(NYSDEC) Technical Action Guidance Memorandum 4046 (TAGM 4046) value of 10
mg/kg for subsurface soils, and is not considered significant. Thus, the data indicates that
no significant release of PCBs has occurred in the former transformer subarea.

Accordingly, no cleanup of Subarea H soils is considered necessary.

3.3  Surface Soil/Fill

Surface soil samples collected during the Phase II investigation are discussed in the
September 1997 Voluntary Cleanup Site Assessment Report (Ref. 3). The Phase II
surface soil sampling program included investigation of various locations in Area I. The
sample locations, designated SS-10 through SS-22, are shown on Pigure 3-1. The

samples were collected at locations of historical significance, at random locations, and/or
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where discoloration was evident to provide a comprehensive indication of the extent of
surficial contamination, if any, in these areas. All Phase II surface soil samples were
collected from 0-1 foot below grade using a 3-inch diameter split-spoon sampler, and
were analyzed as either discrete or composite samples for Target Compound List (TCL)
VOCs, SVOCs, and PCBs, as well as Target Analyte List (TAL) metals and cyanide.
Sample analysis was performed in accordance with USEPA SW-846 methodology by a
NYSDOH ELAP-certified laboratory. Table 3-1 provides a summary of the composite
and discrete samples submitted for analysis and the corresponding analytical results.

Following the Phase II investigation, four (4) additional surface soil samples were
collected and analyzed from Area I in January 1998 in response to a manufacturer's
interest in leasing a portion of the property. The four sample locations, labeled A1-S S-23
through 25 and A1-SB-9 are shown on Figure 3-1. These samples, collected from 0-2
foot below grade via split-spoons, were analyzed as discrete samples for TCL VOCs,
PAHs, TAL Metals, cyanide, and pH. Analytical results are presented in Table 3-1,
excluding pH, which ranged from 8.2 to 10.6 at the four locations. |

The data presented in Table 3-1 includes parameters detected in the surface soils
at any of the above-described sample locations. Additionally, Table 3-1 presents a
comparison of the sample concentrations to the corresponding risk-based screening levels
(RBSLs) developed in Section 2. For organic parameters where site-specific RBSLs
were not derived, NYSDEC TAGM 4046 health-risk based cleanup objectives were
provided as an alternate comparative value. Similarly, as described in Section 2, USEPA
has not published reference dose concentration values for many of the inorganics detected
in Area I, therefore the background values presented in Section 2 have been provided as
an alternative means for comparing inorganic concentrations. For both the organic and
inorganic parameters, the concentration value is shaded if it exceeds the corresponding
comparative or screening value.

As presented in Table 3-1, none of the organic parameters detected in the surface
soils in Area I exceed the corresponding RBSLs, nor do those parameters for which an
RBSL was not derived exceed the associated TAGM 4046 health-risk based cleanup

value. In fact, in nearly all instances the concentrations detected fall below the
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RBSL/TAGM 4046 value by an order of magnitude or more. Thus, no remediation of
surficial soils in Area I due to organic contamination will be performed.

Inorganic parameters detected in Area I surface soils were, with limited
exception, well below the RBSL values. Likewise, nearly all the inorganic parameters
for which an RBSL was not derived were below the respective background coﬁcentration,
with the exception of cadmium, calcium, copper, magnesium and mercury. An isolated
elevated lead concentration was also encountered at SS-23, however this value is
believed to be anomalous based on comparison to other surface soil sample results. The
lead concentration reported for SS-23 may have been biased by the sample matrix, as can
occur if a lead-based article (viz., a shotgun pellet or lead-acid battery fragment) is
introduced to the sample matrix and subject to digestion during sample preparation in the
lab. For the remaining five metals, Table 1 shows that the concentrations detected in the
surface soils were comparable to that of the associated background sample from the
adjacent former Truscon property for magnesium, copper, calcium and mercury, and
eastern U.S. soil quality for cadmium. Not un-expected, the cadmium concentrations on
this former industrial property exceed eastern U.S. background concentrations, which are
residential-based values. Observed cadmium and mercury concentrations in Area I
surface soils are well below levels which would be indicative of a toxic characteristic
under Federal and State regulations (i.e., 40 CFR Part 261 and 6NYCRR Part 373).
Specifically, assuming a typical 1:20 ratio of leachable metal to total metal, cadmium and
mercury concentrations in the soils would need to exceed 20 mg/kg and 4 mg/kg
respectively to potentially pose a toxic leaching condition. Table 3-1 illustrates that
cadmium concentrations were well below this value. In addition, as discussed in Sections
2 and 6, development of the property will result in soil and pavement coverage over the
majority of the site, effectively precluding long-term contact with surficial soils.
Therefore, no cleanup of surface soils is considered necessary for the planned

redevelopment of Area I.
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3.4  Subsurface Soil/Fill

A total of 29 subsurface soil/fill samples were collected from the 13 different historical —
subareas of interest during the Phase II performed in Area I. The analytical data was
presented in the Voluntary Cleanup Site Assessment Report (Ref. 3) along with a detailed
description of the investigation methodology. In general, the subsurface soil
investigation encompassed a series of borings and test pits, including borings finished as
monitoring wells. Borings in Area I were given the alpha-numeric designation Al - (A
series through M series), with the A through M character corresponding to the 13
subareas of historical interest. In lieu of borings in Subarea L, five (5) test pits
designated TP-1, TP-2, TP-3, TP-10 and TP-11 were completed to a depth of 3-6 feet
below grade in an attempt to locate oil pipelines or associated impacts in this subarea.
An additional test pit (TP-9) was also completed to a depth of approximately 5 feet in
Subarea K.

Boring and test pit locations are shown on Figure 3-2. All soil borings completed
in Area I were advanced using 4-1/4 inch hollow stem augers to cdmpletion depths below
the surficial fill unit and coincident with or below the fill/native soil contact. Samples
from soil borings in each subarea of interest were generally composited and analyzed for
TCL SVOCs and TAL inorganic parameters, including cyanide. A single discrete VOC
sample was also collected and analyzed from one of the borings in each subarea.
Selection of sample intervals for compositing and discrete VOC analysis was based on
visual or olfactory evidence of contamination. Native soil located below the coarse fill
was often submitted for analysis even if evidence of contamination was not apparent. For
the test pit investigation, analysis involved visual and olfactory characterization of the
soils, as well as screening the excavated spoils with a photoionization detector (PID)
and/or performing headspace testing with the PID. In Subarea L, a composite sample of
the fill material from TP-10 (the location exhibiting elevated head space readings) was
collected and submitted for analysis of BTEX and PAHs. Table 3-2 provides a summary
of the composite and discrete subsurface boring and test pit samples submitted for
analysis and the corresponding analytical results. Only those parameters detected at any

of the sample locations are presented in Table 3-2.
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Subsequent to completion of the Phase II investigation, subareas E, K and L were
identified as potential areas of concern due to elevated PAH levels as compared to
USEPA Region III risk-based concentrations. Comparison of the subsurface sample
results for these and other subareas to the same criteria as the surface soils samples (i.,e.
RBSLs/TAGM 4046 health-based criteria for organics, RBSLs/background data for
inorganics) is presented in Table 3-2. As indicated in Table 3-2, organic parameters
detected in the subsurface soils were typically below the associated RBSL or TAGM
health risk-based value with the exception of the sample from test pit 10 (i.e., subarea L).

At this location, several PAHs exceeded corresponding comparative values, likely as a
result of historic fuel oil transport in this portion of the site.

Similar to the surface soils, inorganic concentrations in all subsurface soil samples
were below the respective RBSL values. Inorganic concentrations were also below
background levels with the exception of cadmium, calcium, magnesium and, to a lesser
extent, mercury and copper. Again, however, these values were comparable to that of the —
corresponding background concentration, and are not indicative of a toxic characteristic
under Federal or State regulations (i.e., 40 CFR Part 261, 6NYCRR Part 373).
Consequently, no cleanup due to inorganic contamination will be performed for the
subsurface soils in Area I.

To better quantify the extent of subsurface soils in and around Subarea L which
contain PAHs, a supplemental investigation in this subarea was undertaken during the .
week of October 5, 1998. Excavation of additional test pits was performed to delineate
the lateral and vertical extent of contamination, with confirmatory sampling to verify the
edge of the impacted area. A similar investigation was performed in Subarea K to verify
whether and how much soil from this former No. 6 fuel oil storage area may require
removal and/or treatment. Figure 3-3 presents the location of the additional test pits. As
indicated on Figure 3-3, test pits TP-12 through TP-23 were associated with Subarea L,
and test pits TP-24 through TP-31 were associated with Subarea K. Each test pit was
excavated to the lower of the top of native soil or the groundwater table, or to refusal.

Test pit logs from the October 1998 investigation are presented in Appendix C.
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Test pits excavated in Subarea L indicated a narrow band of visual
contamination, consisting of tar product and/or stained soils, beginning at TP-17
and running parallel to the former building foundation toward TP-13. Several soil
samples were strategically collected from the test pits and analyzed for TCL
SVOCs so as to verify the observed limits of the contamination. Concurrent
analysis for total petroleum hydrocarbons (TPH) was also performed to provide
an indication of the relationship between TPH and SVOC concentrations. This
may allow the cleanup contractor to identify and segregate clean excavation spoils
from impacted materials via an inexpensive TPH test, thereby saving hauling
costs. Table 3-3 presents the results of sample analyses for Subarea L. Samples
collected from intervals where no visual contamination was detected are noted on
the table. In general, these samples represent composites collected across the
entire test pit depth to the top of native soil or the water surface. In addition, a
number of composite samples were collected from fill soils below or above the tar
to provide an indication of the impact, if any, to underlying materials. In the
instance of TP-12, TP-13 and TP-15, the test pits were elongated and oriented at
an angle away from the tar to provide an indication of the width of the impacted
area, as illustrated on Figure 3-3. The TP-13, 0-5.5' and TP-15, 0-5' samples are
composites that were collected upon reaching the apparent outer boundary of the
staining (i.e., from the ends of these test pits opposite the product/staining).

In general, all samples from Subarea L with the exception of the sample
collected directly within the stained product exhibited non-detectable to low
concentrations of SVOCs, and were below the corresponding RBSLs. Thus, the
data indicates that impacted soils in Subarea L are limited to the narrow band
exhibiting obvious staining or product as described above.

Similar to the supplemental investigation of Subarea L, eight (8)
additional test pits were completed in Subarea K (i.e., test pits TP-24 through TP-
31 - see Figure 3-3). These test pits were excavated to the lower of native soils or
groundwater, or to refusal. An area of petroleum staining, approximately 60 to 80

feet in diameter with varied depth was observed from approximately 4.5 to 5 feet
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0002-003

below grade in the vicinity of TP-30, TP-26 and TP-24. Analytical results for soil
samples collected from supplemental test pits in Subarea K are presented in Table
3-4. Only those parameters which exhibited a detectable concentration at one of
the sample locations are presented. Elevated concentrations of TCL SVOCs were
observed from 4.5 - 5' below grade in TP-30. Samples from the remaining test
pits, located outside the observed area of staining, exhibited substantially lower
SVOC concentrations. All samples collected from Subarea K test pits were below
the corresponding RBSLs.

A discussion of the estimated volumes of soil in Subareas K and L that

may require cleanup is presented in Section 6.

” C/
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4.0 GROUNDWATER ASSESSMENT
4.1 General

The NYSDEC has identified concerns regarding off-site groundwater migration and
potential impacts on sensitive downgradient receptors. The Buffalo River is adjacent to
and downgradient of Area I, the former Republic Steel Plant, based upon shallow
groundwater potentiometric data. The Buffalo River is considered a “sensitive
downgradient sensor” by the NYSDEC. As such, the Supplemental Field Investigation
Work Plan (Malcolm Pirnie, February, 1998) delineated a perimeter groundwater

investigation to address the following specific objectives relating to Area I:

® Define the shallow groundwater flow and quality in Area I adjacent to the Buffalo
River.

* Determine whether subsurface petroleum-contamination in Subareas L,K,and E
soils/fill are adversely impacting groundwater quality to the extent that there may

be an impact on the Buffalo River.
* Calculate the rate of groundwater migration and annual mass load of

contaminants migrating from the Site to the Buffalo River under current

conditions.
4.2  Perimeter Groundwater Investigation Activities

In general accordance with the Supplemental Field Investigation Work Plan (Malcolm

Pirnie, February 1998) the following field activities were performed in Area I:

* Installation of monitoring wells AI-MW-1, A1-MW-2, and AI-MW-3 along the

Buffalo River (refer to Figure 4-1 for locations).

0 4-1 f
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* Installation of temporary piezometers A1-P-1, A1-P-2, A1-P-3, and A1-P-4 (refer

to Figure 4-1 for locations).

* Measuring and recording static water level measurements for all Area I

monitoring wells and piezometers.

* Slug testing the following monitoring wells and piezometers: A1-MW-1, Al-
MW-2, AI-MW-3, A1-MW-M2, A1-MW-K2, A1-P-1, Al-P-2, A1-P-3, and Al-

P-4 to calculate hydraulic conductivity in the shallow aquifer.

* Sampling the following wells for site specific parameters of interest (i.e., benzene,
toluene, ethylbenzene, and xylene [BTEX], polynuclear aromatic hydrocarbons -~
[PAHs], phenol, and cyanide,): A1-MW-2, A1-MW-3, and A1-MW-A2 and
sampling of A1-MW-K2, AI-MW-1, A1-P-1, A1-P-2, A1-P-3, and A1-P-4 for

the same parameters of interest and iron.
4.3  Perimeter Groundwater Flow

Static groundwater level measurement results are presented in Table 4-1 and Area I
groundwater isopotential contours are shown on Figure 4-1. Groundwater occurs at
varying depths within Area I. Groundwater depths adjacent to the Buffalo River are
greater than approximately 9 feet below grade. In the middle portion of the site
groundwater is typically found at between 4 to 6 feet below grade. Figure 4-1 shows
groundwater elevations and inferred flow directions based on depth-to-groundwater
measurements collected June 8, 1998. As shown on Figure 4-1, shallow groundwater
migrates toward the Buffalo River with a varying gradient as calculated and presented in
Table 4-5. Hydraulic conductivity measurements for Area I are presented in Table 4-2.
Hydraulic conductivity results for the monitoring wells in Area I range from 0.12 ft/day
in A1-MW-M2 to 595.3 ft/day in A1-P-1. This indicates that the fill in Area I has a

highly variable grain size distribution.
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4.4  Groundwater Quality

Analytical results of groundwater quality testing in Area I are presented in Table 4-3.
Figure 4-2 presents the location of monitoring wells and piezometers that were sampled.
Site specific parameters of interest (i.e., polynuclear aromatic hydrocarbons [PAHs], o
phenol, cyanide, benzene, toluene, ethylbenzene, and xylene [BTEX]and iron ) were
analyzed and used as the basis for calculation of average contaminant loadings to the

Buffalo River presented in the following section.
4.5  Site-Specific Contaminant Loadings to Buffalo River

Data collected during the supplemental field investigation was used to estimate the
groundwater contaminant loading to the Buffalo River. The calculation of groundwater
contaminant mass loading from the Site to the Buffalo River is based upon the following

assumptions:

* The shoreline of the Buffalo River on the Site was approximated as three
straight lines. Each line was further divided into three segments as shown on

Figure 4-3 and described below:

Line 1: Segment 1-1 from the northernmost point on the property to
monitoring well A1-MW-3 (approximately 135 feet long). Segment 1-2
from monitoring well AI-MW-3 to monitoring well A1-MW-A2
(approximately 357 feet long). Segment 1-3 from monitoring well Al-
MW-A2 to the bend in the Buffalo River (approximately 250 feet long).

Line 2: Segment 2-1 from the bend in the Buffalo River to monitoring
well A1-MW-2 (approximately 760 feet). Segment 2-2 from monitoring
well A1-MW-2 to monitoring well A1-MW-1 (approximately 1,050 feet).
Segment 2-3 from monitoring well A1-MW-1 to approximately 230 feet

south.
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Line 3: Segment 3-1 from 230 feet south of monitoring well A1-MW-1 to
Al-P-1 (approximately 250 feet). Segment 3-2 from Al-P-1 to
monitoring well A1-MW-M2 (approximately 377 feet). Segment 3-3 from
monitoring well A1-MW-M?2 approximately 583 feet northwest.

* Only groundwater in the uppermost-saturated zone (fill material) is contributing

contaminants to the Buffalo River.

= The hydraulic conductivity, hydraulic gradient, and groundwater constituent
concentration for each segment was calculated by taking the arithmetic average of
the specific variable for each of the wells that define the segment (these values are
presented in Table 4-4 and 4-5).

* The north end point of Segment 1-1 and the west end point of Segment 3-3 were
assumed to have the same hydraulic and chemical properties as monitoring wells

A1-MW-3 and A1-MW-M2, respectively.

* The hydraulic properties of A1-MW-A2 were estimated by interpolating data
between A1-MW-3 and AI-MW-2.

*  The hydraulic and chemical properties of the south end of Segment 1-3 and the
north end of Segment 2-1 were estimated by interpolating data between A1-MW-
3 and Al-MW-2.

* The hydraulic and chemical properties of south end of Segment 2-3 and the west
end of Segment 3-1 were estimated by interpolating data between A1-MW-1 and
Al-P-1.
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TABLE 4-5
LTV STEEL COMPANY/DONNER-HANNA
Supplemental Site Assessment and Voluntary Cleanup Plan for
Area I - Former Steel Plant Parcel
Calculation of Groundwater Flow Contribution to Buffalo River from Area |
k I A Groundwater Flow
Description (ft/day) (ft/ft) (1) (ft*/day)
Line 1:
North End Line 17 11.6 0.0099 - -
Al-MW-3 11.6 0.0099 - - |
A1-MW-A2 @ 117.4 0.0102 - -
Line 2:
North End Line 2 ® 189.3 0.0123 - -
Al-MW-2 4252 0.0215 - -
Al-MW-1 133.2 0.0389 - -
Line 3:
East End Line 3% 325.8 0.0413 - -
Al-P-1 595.3 0.0432 - -
Al-MW-M2 0.12 0.0428 - -
West End Line 3 ® 0.12 0.0428 - -
Line 1: _
Segment 1-1 11.6 0.0099 430.65 50
Segment 1-2 64.5 0.01005 1399.44 907
Segment 1-3 153.4 0.01125 1206.25 2081
Total 3038
Line 2:
Segment 2-1 307.2 0.0169 4373.8 22711
Segment 2-2 279.2 0.0302 3417.75 28819
Segment 2-3 229.5 0.0401 0 oll
Total 51530
Line 3:
| Segment 3-1 460.5 0.04225 142.5 2773
Segment 3-2 297.7 0.043 623.935 7987
Segment 3-3 0.12 0.0428 1265.11 6
Total 10766

8TU rNKEY
ENVIRONMENTAL

RESTORATION, LLC

0002-003-100



Using the data described above, the groundwater flow rate from the northern boundary of

the site to the Buffalo River was estimated for each segment using Darcy’s Law:

Q=kiA

where;

Q = Groundwater flow rate
k = average hydraulic conductivity of the segment
i = average hydraulic gradient of the segment

A = saturated cross-sectional area

The estimated groundwater flows from each segment were then combined to give the
total estimated groundwater flow rate from the Site to the River of 65,335 cubic feet per

day. Groundwater flow rate calculations are summarized in Table 4-5.

Given the groundwater flow rate and the estimated groundwater concentrations for each
segment, the off-site contaminant loading was calculated using the following equation:
(Mass Loading);; = (6.243 x 10%) Q; C;;

where:

(Mass Loading);j = mass loading of constituent jinsegmenti (Ib/day)
Qi = groundwater flow rate through segment i (ﬁ3/day)
Cij = concentration of constituent j in segment i (ug/l)

6.243 x 10® = conversion factor to Ib/day

Calculations of off-site groundwater contaminant mass loadings for each segment are
summarized in Table 4-6 and total off-site contaminant mass loadings from the Site to the
Buffalo River are summarized in Table 4-7. As shown on Table 4-7, the total off-site
VOC and SVOC loadings to the Buffalo River are estimated to be approximately 0.0288
Ib/day and 0.472 1b/day, respectively.
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4.6  Assessment of Groundwater Impacts on Buffalo River Quality

Based upon the groundwater contaminant loadings presented above, the estimated
increase in downstream constituent concentrations in the Buffalo River at average
summer flow rates of 49 million gallons per day (Source: Buffalo River Remedial Action
Plan, NYSDEC, November 1989), were calculated. These estimated increases in
downstream constituent concentrations were then compared with New York State Class
“D” Water Quality Standards or Guidance Values. As shown in Table 4-7, estimated
increases in downstream constituent concentrations are at least two orders of magnitude
below New York State Class “D” Water Quality Standards or Guidance Values. In
addition, a comparison of increases in downstream constituent concentrations with Class
“A” Water Quality Standards or Guidance Values shows that increases in downstream
constituent concentrations are not likely to adversely affect any potential future upgrade
in classification of the Buffalo River to a Class “A” stream since estimated increases are
at least an order of magnitude below Class “A” Water Quality Standards or Guidance

Values.

The results of the loading analysis are consistent with historical Buffalo River water
quality data collected from April 1982 through March 1986 which indicate that none of
the VOCs or SVOCs evaluated in the Buffalo River loading analysis were detected in the
Buffalo River.
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5.0 UNDERGROUND PIPELINE INVESTIGATION

The NYSDEC requested that an investigation be performed to evaluate the former oil
transfer pipelines which extended from the large No. 6 fuel oil tanks on the Truscon
property to Subarea K in Area I and to the south toward Subarea L. The investigation was
planned to evaluate the potential contents of the pipe and to inspect the soil around the pipe

to evaluate possible releases from the pipeline.

A total of ten test pits were excavated on March 10, 1998 and March 17, 1998. Test pit
locations were selected based on historical site drawings which indicated that the oil transfer
pipeline in Area I ran parallel to the Buffalo River either above or below ground. Test pits
were excavated perpendicular to the axis of the pipe and of sufficient length so that the pipe,
if present, would be intersected by the excavation. If pipe was encountered during the
excavation, the pipe was tapped to determine whether it contained oil. Soil was logged and
inspected by a project hydrogeologist. The following summarizes the findings of each test

pit labeled as Pipe-1 through Pipe-10 (see Figure 5-1 for locations):

= Pipe-1, Pipe-3, Pipe-5, Pipe-7, Pipe-8, and Pipe-9 — Test pits excavated to a depth of 5 to
8 feet. No pipe encountered.

®* Pipe-2 and Pipe-4 — Encountered a single, empty 6-inch pipe.

* Pipe-6 and Pipe-10 — Encountered two, 6-inch pipes in each test pit. One pipe, a plastic-
coated steel pipe, contained water. The other pipe, a rusty steel pipe, contained mostly
water with an oil skim.

* No oil-impacted soil was encountered at any of the test pit locations.

Additional test pits were excavated to determine the extent of the oil encountered in the
rusty steel pipe. The results of the additional pipeline investigation are shown on Figure 5-1.
As shown on Figure 5-1, in addition to the plastic-coated pipe and rusty pipe which appear
to travel towards Subarea K where the above-ground tanks were formerly located, one

additional pipe was found near the sharp bend in the Buffalo River traversing to the south,

0002-003 51 (8



as expected, toward Subarea L. Very stiff oil (likely aged No. 6 fuel oil) was encountered in
this additional pipe. As a result of very compact fill, excavation refusal was encountered in
the direction toward Subarea K. Numerous test pits were excavated in Subarea L and did
not encounter pipeline. Therefore it appears that the approximate limits of oil filled pipeline

have been found.
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6.0 VOLUNTARY CLEAN-UP PLAN

6.1 Environmental Conditions

Area I, at approximately 91 acres, is the largest and northernmost of the four parcels
which collectively comprise the South Buffalo Steel Manufacturing Site. The former
Republic Steel Plant was located in this parcel. It is currently owned by LTV Steel
Company, Inc.

Extensive research of the parcel’s operations and regulatory history was
documented as part of a Phase I Environmental Site Assessment (ESA) [Ref 3]. The
Phase I ESA identified 13 subareas of potential environmental concerns. Extensive
environmental sampling was performed in these 13 subareas of the Former Republic
Steel Plant parcel to define the Area’s hydrogeology and to assess potential
environmental impacts associated with historic uses of the Area. Based upon soil gas,
surface soil/fill, subsurface soil/fill, and groundwater analyses, the Phase II ESA

narrowed the environmental concerns in Area I to surface and/or subsurface soils in:

* Subarea E — Former Machine/Electrical Shop
* Subarea K — Former No. 6 Fuel Oil Storage Tanks

* Subarea L — Former Stockhouse (Fuel Oil and Tar Pipelines)

In addition, the underground No. 6 fuel oil pipeline was found to be in good condition,
but was identified as containing some residual product.

Specific parameters of concern identified in the soil/fill from the above subareas
were petroleum-derived polynuclear aromatic hydrocarbons (PAHs) and possibly several
metals. Off-site groundwater impacts on the Buffalo River were also identified by the
NYSDEC as a potential environmental concern.

Supplemental field investigations performed by Malcolm Pirnie, Inc. and
subsequently by TurnKey Environmental Restoration, LLC and documented herein,
eliminate off-site groundwater concerns and further refines the environmental concerns

associated with the planned redevelopment of Area I to PAHs in subsurface soils in

0002-003 6-1 <»



limited portions of Subareas K and L and the remaining underground fuel oil piping in

and around Subareas K and L.
6.2  Pre-Development Petroleum-Contaminated Soils Excavation Plan

Based on the October 1998 supplemental field investigations described in Section
3, Figure 6-1 depicts the extent of the impacted soil/fill in these subareas. As discussed
in Section 3, the impacted soils are generally in zones within surface to 8 feet below
grade in both Subareas. Sample results for both Subareas K and L show that elevated
SVOC concentrations are associated with visually-impacted soils, and that the materials
outside these visually-impacted zones have substantially lower concentrations, well
below the respective RBSLs.

Excavation of petroleum-contaminated soils will be performed in the areas
illustrated on Figure 6-1 in accordance with the following procedures. The total volume
of material to be removed from both areas is conservatively estimated to be 5,000 cubic

yards.

* Excavation/stripping and stockpiling of clean, surficial soil/fill material within the
limits of the proposed petroleum-contaminated excavation area will be performed
(depth of cover varies).

* Excavation will be limited to vadose zone (unsaturated) soil/fill, where visual — —
impacts are evident.

* Excavation beyond the limits shown on Figure 6-1 will continue if residual oil is
observed along the perimeter of the excavation.

L
* Excavation will be terminated inside the limits of excavation shown on Figure 6-2,
where there is no evidence of contamination and no previous testing location that
indicated contamination beyond the excavation face.
* Backfilling of excavation subgrade will be performed with bioremediated Truscon
soils or "clean" off-site borrow material. Tl

Excavated contaminated soils removed from these subareas will be transferred to
the southern portion of the Area II — Former Donner-Hanna coke plant parcel (i.e. in the

former coal/coke stockpile subarea). It will be stockpiled in this subarea for eventual
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placement under the low permeability soil cover system planned for construction over the
northern portién of the Area II parcel. Due to the phased nature of the Voluntary Clean-
Up Plan, excavated Area I soils will remain stockpiled in Area II until completion of the _
installation of a perimeter groundwater collection and pretreatment system (planned as -
the initial phase of remedial activities in Area II).

The stockpiled soils will be then be spread and compacted along with soil/fill
excavated during the installation of the Area II groundwater collection system and from
other areas of the site as subgrade material for the cover system. Prior to capping with a
low-permeability cover, the combined subgrade materials may be innoculated and

fertilized to augment and accelerate the natural biological degradation processes

anticipated within the capped Area II soil/fill matrix.
6.3  Underground Piping

Approximately six partial sections of former fuel oil transfer lines, varying in length from
30 to 300 feet (total estimated length — 1000 feet), were located as part of the supplement
field investigations performed in March 1998. The pipes (shown in red on Figure 6-1)
led to and from the two former 500,000 gallon fuel oil storage tanks and associated valve
pits and were found to contain a combination of thickened residual oil or water mixed
with a smaller quantity of residual oil. Each segment of the remaining fuel oil pipes will
be cleaned (pigged) and the residual oil/water will be collected and removed for off-site
disposal. The pipes will be abandoned in place.

Supplemental field investigations performed in October 1998 by TurnKey
Environmental Restoration in Subarea L adjacent to the south side of the former
Stockhouse have also identified small-diameter (i.e. 4-inch) tar pipeline segments that
were abandoned in place. These pipe segments will be removed in areas contiguous with
areas of petroleum-contaminated soil excavation. Residual tar from the small-diameter
piping will be drained and collected (to the extent possible) and both the tar and piping

will be transported off-site for appropriate disposal.
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6.4  Future Development Considerations

Substantial concrete foundations, floor slabs and steel or timber pilings remain in place in
the Area I parcel. To a lesser extent, abandoned underground utility piping is also
prevalent in many areas of this parcel. Future development of this parcel must take into
account and plan for these potential obstacles accordingly.

Furthermore, due to the long industrial history of the site and its shear size, it is
reasonable to assume areas of localized contamination or “hotspots” may be encountered
during site development that were not identified during the field investigations. It is
anticipated that contaminated soil encountered under this scenario and exceeding the site-
specific RBSLs may be transferred to Area II for placement under the proposed soil cover
system. This is another example of the value of the phased Site cleanup and
redevelopment plan with the construction of the Area II cover system scheduled in the
latter phases of the site cleanup. As such, the Area II on-site containment system would
be available to receive soils/fill exceeding RBSLs encountered during initial site
redevelopment. After completion of the Area II containment cell, contaminated soils/fill
excavated from this or other Areas would require appropriate off-site disposal.

Beyond these considerations, it should be recognized that the natural course of
redevelopment will result in substantial coverage of Area I with structures, roadways,
parking areas, lawns and landscaping. Natural revegetation, already occurring across the
site, will also continue to spread and provide coverage. Thus, the potential for exposure

to site soils and any associated human health risks will be nearly eliminated with time.
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APPENDIX A

ASTM E1739-95: Standard Guide for Risk-Based Corrective Action at

Petroleum Release Sites
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Risk-Based Corrective Action Applied at Petroleum Release

Sites?

This standard s issued uneer the fixed designanon B 1739: the number immediately following the designation indicates the vear of
onginal adopuion or. in the cas¢ of revinion. the vear of tast revisicn A number in parentheses indicates the year of iast seapproval. A
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1. Scope

1.1 Thists a guide to risk-based correcuve action (RBCA),
which is a consistent decision-making process for the assess-
ment and response to a petroleum release. based on the
protection of human health and the environment. Sites with
petroleum release vary greatly in terms of complexity,
physical and chemical charactenistics. and in the risk that
they may pose 1o human heaith and the environment. The
RBCA process recognizes this diversity, and uses a tiered
approach where corrective action activities are tailored 1o
site-specific conditions and risks. While the RBCA process is
not limited to a particular class of compounds, this guide
emphasizes the application of RBCA to petroleum product
releases through the use of the examples. Ecological nsk
assessment, as discussed in this guide, ts a gqualitative
evaluation of the actual or potential impacts 1o environ-
mental (nonhuman) receptors. There may be circumsiances
under which a more detailed ccological risk assessment is
necessary (see Ref (1).2

1.2 The decision process described in this guide integrates
risk and exposure assessment practices, as suggested by the
United States Environmental Protection Agency (USEPA),
with site assessment activities and remedial measure selec-
tion 10 ensure that the chosen action is protective of human
health and the environment. The following general sequence
of events is prescribed in RBCA, once the process is triggered
by the suspicion or confirmation of petroleum release:

1.2.] Performance of a site assessment;

1.2.2 Classification of the site by the urgency of initial
response:

1.2.3 Implementation of an initial response action appro-
priate for the selected site classification;

1.2.4 Comparison of concentrations of chemical(s) of
concern at the site with Tier 1 Risk Based Screening Levels
(RBSLs) given in a look-up table;

1.2.5 Deciding whether further uer evaluation is war-
ranted. iIf implementation of intenm remedial action is
warranted or if RBSLs may be applied as remediation target
fevels:

1.2.6 Coliection of additional site-specific information as
necessary. if further tier evaluation is warranted;

1.2.7 Development of site-specific target levels {SSTLs)
and point(s) of compliance (Ticr 2 evaluation):

' This guide 15 under the junsdicuon of ASTM Comauier £-30 on Dnviron-
mental Assesament and s the direct responsibitity ol Sutwommstes E20.01 on
Sturage Tanks.

Current edition approved Sept. 10, 1995 Published Navember 1995 Onginally
published as ES 38 - 94 Last previous cdition £5 38 ~ ¥4

* The boldtace numbers 1o parenthescs refer 1o the bist of references o the end
ol this guide.

1.2.8 Comparison of the concentrations of chemicalis)
concern at the site with the Tier 2 evaluation SSTL at the
determined point(s) of compliance or source areais):

1.2.9 Deciding whether further uer evaluation s war-
ranted, if implementation of interim remedial action s
warranted. or if Tier 2 SSTLs may be applied as remediation
target levels;

1.2.10 Collection of additional site-specific information as
necessary, if further tier evaluation 1s warranted:

1.2.11 Development of SSTL and poini(s} of compliance
(Tier 3 evaluation);

1.2.12 Companison of the concentrations of chemical(s) of
concern at the site at the determined point(s) of compliance
or source area(s) with the Tier 3 evaluation SSTL: and

1217 Navclemamews Af g rampddinl artiae wlae - .-
iite 3> 1 1., as applicable.

1.3 The guide is organized as follows:

1.3.1 Section 2 lists referenced documents,

1.3.2 Section 3 defines terminology used in this guide,

1.3.3 Section 4 describes the significance and use of this
guide,

1.3.4 Section 5 is a summary of the tiered approach.

1.3.5 Section 6 presents the RBCA procedures in a
step-by-step process,

1.3.6 Appendix X! details physical/chemical and toxico-
logical characteristics of petroleurn products,

1.3.7 Appendix X2 discusses the derivation of a Tier |
RBSL Look-Up Table and provides an example,

1.3.8 Appendix X3 describes the uses of predictive mod-
eling relative to the RBCA process, )

1.3.9 Appendix X4 discusses considerations for institu-
tional controls, and

1.3.10 Appendix X5 provides examples of RBCA applica-
tions.

1.4 This guide describes an approach for RBCA. It is
intended 1o compliment but not supersede federal, state. and
local regulations. Federal, state, or local agency approval
may be required to implement the processes outlined 1n this
guide.

1.5 The values stated in either inch-pound or S! units are
10 be regarded as the standard. The values given in paren-
theses are for information only.

1.6 This standard does not purport 1o address all of the
safety concerns, If any, associated with its use It s the
responsibility of the user of this standard to establist uppro-
priaie safety and health practices and determine the applice-
hdity of regulatory limitanions prior 1o use.

2. Referenced Documents
2.1 ASTM Standard:
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E 1599 Guide for Corrective Action
Releases® v

2.2 NFPA Standard:

NFPA 329 Handling Underground Releases of Flammable
and Combustible Liquids*

for Petroleum

3. Terminology

3.1 Descriptions of Terms Specific 1o This Standard.:

3.1.1 active remediation—actions laken to reduce the
concentrations of chemical(s) of concern. Active remediation
could be implemented when the no-further-action and
passive remediation courses of action are not appropriate.
10 2 attenuation—the reduction in concentrations of
chemical(s) of concern in the environment with distance and
time due to processes such as diffusion. dispersion. absorp-
tion, chemical degradation, biodegradation. and so forth.

3.1.3 chemical(s) of concern—specific constituents that
are identified for evaluation in the risk assessment process.

3.1.4 corrective uction—ihe sequence ol actions that in-
clude site assessment, interim remedial acuon, remedial
action, operation and maintenance of cquipment, moni-
toring of progress, and termination of the remedial action.

3.1.5 direct exposure pathways—an exposurc pathway
where the point of exposure is at the source. without a release
1o any other medium.

3.1.6 ecological ussessmeni—a qualitative appraisal of the
actual or potential efTects of chemical(s) of concern on plants
and animals other than people and domestic species.

3.1.7 engineering controls—modifications to a site or
facility (for example. slurry walls, capping, and point of use
water treatment) to reduce or eliminate the potenual for
cxposure to a chemical(s) of concern.

3.1.8 expusure—contact of an organism with chemical(s)
of concern at the exchange boundaries (for example. skin.
lungs, and liver) and available for absorpuion.

3.1.9 exposure assessment—ihe determination or estima-
tion (qualitative or quantitative) of the magnitude, fre-
quency, duration, and route of exposure.

3.1.10 exposure puthway—the course a chemical(s) of
concern lakes from the source arcals) to an exposed or-
ganism. An exposure puathway describes a unique mecha-
nism by which an individual or population is exposed to a
chemical(s) of concern originating from a site. Each exposure
pathway includes a source or relcase from u source. a point
ol exposure, and an exposure route. If the exposure point
ditfers from the source. a transport/exposurce medium (for
example, air) or media also is included.

30 expovure rowte—the manner in which a chemi-
cul(s) of concern comes in contact with an vrgamism (for
example. ingestion, inhalation, and dermal contact).

3.1.12 faciluy—1ihe property containing the source of the
chemical(s) of concern where a release has occurred.

3013 hazard ndex—the sum of two or more hazard
quotients for multiple chemicual(s) of concern or multiple
exposure pathways. or both.

3014 hazard guonents—the rauo of the level of exposure
ol"a chemical(s) of concern over a specified time penod to a
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reference dose for that chemical(s) of concern denved for a
similar exposure period.

3.1.1S incremental carcinogenic risk levels—the potenual
for incremental carcinogenic human health effects due (o
exposure 1o the chemicalfs) of concern.

3.1.16 indirect exposure palhways—an expasure pathway
with at least one intermediate release to any media betwezn
the source and the poini(s) of exposure (for example.
chemicals of concern from soil through ground water to the
point(s) of exposure).

3417 institutional controls—the restncuon on use or
access (for example, fences. deed restrnichions. restrictive
zoning) to a site or facility to eliminate or minimize potential
exposure to a chemical(s) of concern.

3.1.18 interim remedial action—the course of acuon to
mitigate fire and safety hazards and 10 prevent further migra-
uon of hydrocarbons in their vapor. dissolved. or Lquid
phase.

3049 maximum contaminant fevel (MCLj~—a standard
tor drinking water established by USEPA under the Sale
Drinking Water Act, which is the maximum permissible |
level of chemical(s) of concern in water that is delivered 10
any user of a public water supply.

3.1.20 Mounte Carlo simulation—a procedure 1o estimate
the value and uncenrtainty of the result of a calculation when
the result depends on a number of factors, each of which is
also uncertain.

3.1.24 natural bivdegradation—the reduction in concen-
tration of chemical(s) of concern through naturally occurring
microbial activity.

3.1.22 petroleum—including crude oil or any fracuon
thereof that is liquid at standard conditions of temperature
and pressure (60°F and 14.7 Ib/in.” absolute: (15.5°C and
10 335.6 kg/m?)). The term includes petroleum-based sub-
stances comprised of a complex blend of hvdrocarbons
derived from crude oil through processes of separation.
conversion, upgrading, and finishing, such as motor fuels. jet
oils, lubricants, petroleum solvents, and used oils.

3.1.23 poni(s) of compliance—a location(s) selected be-
tween the source area(s) and the potential poini(s) of
exposure where concentrations of chemical(s) of concern
must be at or below the determined target levels in media
(for example, ground water, soil. or air).

3.1.24 poini(s) of exposure—the point(s) at which an
individual or population may come in contact with a
chemical(s) of concern originating from a site.

3.1.25 gualitative risk analvsis—a nonnumenc evaluation
ol a site to determine potential exposure pathways and
receptors based on known or readily available information.

3.1.26 reasonable maximum  exposure (RME)—the
highest exposure that is reasonably expected to occur at a
site. RMEs are estimated for individual pathways or a
combination of exposure pathways.

3.1.27 rcasonable -:ontial exposure scenario—a situa-
tion with a credible ¢ :ace of occurence where a receptor
may become directly or indirectly exposed to the chemical(s)
of concern without considering extreme or essenually impos-
stble circumstances.

3.1.28 reusonably anucipated juture use—fuiure use of a
site or facility that can be predicted with a high degree of
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certainty given current use. local government planmng. and
zoning. .

3.1.29 receptors—persons. structures. unfities. surface wa-
ters. and water supply wells that are or may be adversely
affected by a release.

3.1.30 reference dose—a preferred 1oxicity value for eval-
uating potential noncarcinogenic etfects in humans resulting
from exposurce 10 a chemicallsy of concern.

303 remediavonsreniedial action—actusaties conducted
10 protect human health, safcty. and the environment. These
activities include evaluaung risk. making no-lturther-action
deternuinations.  monitoring institutiondl  controls. engi-
neering controls. and designing und operating cleanup equip-
ment.

3.1.32 risk assessment—an analvsis of the potenual for
adverse health effects caused by a chemical(s) of concern
from a site to determine the need for remedial action or the
development of target levels where remedial action is re-
quired.

3.1.33 risk reduction—the lowering or elimination of the
level of risk posed to human health or the environment
through interim remedial action. remedial action, or institu-
tional or engineering controls.

3.1.34 risk-based  screening  level/screening  levels
(RBSLs)—risk-based site-specific corrective action target
levels for chemical(s) of concern developed under the Tier |
evaluation.

3.1.35 site—the area(s) defined by the extent of migration
of the chemical(s) of concern.

3.1.36 site assessment—an evaluation of subsurface ge-
ology. hvdrology. and surface characteristics to determine if a
release has occurred, the levels of the chemical(s) of concern,
and the extent of the migration of the chemical(s) of concern.
The site assessment collects data on ground water quality
and potential receptors and generates information 1o support
remedial action decisions.

3.1.37 site classification—a qualitative evaluation of a site
based on known or readily available information to identify
the need for intenm remedial actions and further informa-
tion gathering. Site classification is intended to specifically
prioritize sites.

3.1.38 site-specific target level (SSTL)—risk-based reme-
dial action target level for chemical(s) of concern developed
for a particular site under the Tier 2 and Tier 3 evaluations.

3.1.39 sute-specific—activities, information. and data
unique to a particular site.

3.1.40 source area(s)—either the location of liquid hydro-
carbons or the location of highest soil and ground water
concentrations of the chemical(s) of concern.

3.1.41 turget levels——numeric values or other perfor-
mance criteria that are protective of human health, safety,
and the environment.

3.1.42 Tier | evaluation—a risk-based analysis 1o develop
non-site-specific values for direct and indirect exposure
pathways utilizing conservative exposure factors and fate and
transport for potential pathways and various properly use
categonies (for example, residential, commercial. and indus-
tnal uses). Values established under Tier | will apply 1o all
sites that 1all into a parucular category.

3043 Tier 2 evaluation—a risk-based analysis applving
the direct exposure values estabhshed under a Tier | evalu-

[

ation at the poini(s) of exposure developed for a specitic siie
and development of values for potenual indirect EXPOSLT
pathways at the point(s) of exposure based on site-spe. ..
conditions.

3144 Tier 3 evaluation—a nsk-based analyvsis 10 dever r
values for potential direct and indirect exposure pathwass
the. poini(s) of exposure based on site-specific conditiosns

3145 wer—an individual or group involed
RBCA process including owners. operators. reguiators -
derground storage tank (UST) fund managers. atiorne.-
consultants. legislators. and so tonh.

4. Significance and Use

4.1 The allocauon of limited resources (for exampic. tme.
money. regulatory oversight. qualified professionals) to ans
one petroleum release site necessanly nfluences correcine
action decisions at other sites. This has spurred the search for
innovative approaches to corrective action decision making.
which still ensures that human health and the environment
are protected.

4.2 The RBCA process presented in this guide is a
consistent, streamlined decision process for selecting correc-
tive actions at petroleum release sites. Advantages ol the
RBCA approach are as follows:

4.2.1 Decisions are based on reducing the risk of adverse
human or environmental impacts.

4.2.2 Site assessment activities are focussed on collecting
only that information that is necessary 1o making risk-based
corrective action decisions,

4.2.3 Limited resources are focussed on those sites that
pose the greatest risk to human health and the environmen:
at any ume,

4.2.4 The remedial action achieves an acceptable degree
of exposure and risk reduction.

4.2.5 Compliance can be evaluated relative 1o site-specilic
standards applied at site-specific point(s) of compliance.

4.2.6 Higher quality, and in some cases faster, cleanups
than are currently realized, and

4.2.7 A documentation and demonstration that the reme-
dial action is protective of human health, safety. and the
environment.

4.3 Risk assessment is a developing science. The scientific
approach used to develop the RBSL and SSTL may vary by
state and user due to regulatory requirements and the use of
alternative scientifically based methods.

4.4 Activities described in this guide should be conducted
by a person familiar with current risk and exposure assess-
ment methodologies.

4.5 In order to properly apply the RBCA process. the user
should avoid the following:

4.5.1 Use of Tier | RBSLs as mandated remediation
standards rather than screening levels,

4.5.2 Restriction of the RBCA process to Tier 1 evalua-
tion only and not allowing Tier 2 or Tier 3 analyses,

4.5.3 Placing arbitrary time constraints on the corrective
action process; for example, requiring that Tiers 1. 2. and 3}
be completed within 30-day time periods that do not reflect
the actual urgency of and risks posed by the site,

4.5.4 Use of the RBCA process only when actine
remediation 1s not technically feasible. rather than a process
that 1s applicable during all phases of corrective action.
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4.5.5 Requinng the user 1o achieve tcchnotogy-based
remedial hmits (for example. asymptotic levels) prior to
requesting the approval for the RBSL or SSTL,

4.5.6 The use of predictive modelling that is not sup-
ported by available data or knowledge of site conditions,

4.5.7 Dictaung that corrective action goals can only be
achieved through source removal and treatment acuons,
thereby restricting the use of exposure reduction options.
such as engineering and 1astitutional controls.

4.5.8 The use of unjustified or inappropriate exposure
factors,

4.59 The use of unjusufied or inappropriale toxicity
parameters,

4.5.10 Neglecting aesthetic and other critena when deter-
mining RBSLs or SSTLs.

4.5.11 Nec: considening the effects of additivity when
screening muinple chemicals,

4.5.12 Not evaluating options for engineering or institu-
tional controls, exposure point(s), compliance point(s), and
carcinogenic nsk levels before submitting remedial action
plans,

4.5.13 Not maintaining engineening or institutional con-
trols, and

4.5.14 Requining continuing monitoring or remedial ac-
tion at sites that have achieved the RBSL or SSTL.

5. Tiered Approach to Risk-Based Corrective Action
{RBCA) at Petroleum Release Sites

5.1 RBCA is the integration of site assessment, remedial
action selection. and monitoring with USEPA-recommended
nisk and exposure assessment practices. This creates a process
by which corrective action decisions are made in a consistent
manner that 1s protective of human health and the environ-
ment.

5.2 The RBCA process is implemented tn a tered ap-
proach. involving increasingly sophisticated levels of data
collecuon and analysis. The assumptions of earlier tiers are
replaced with site-specific data and information. Upon
cvaluation of each ticr. the user reviews the results and
recommendations and decides whether more site-specific
analysis 1s warranted.

3.3 Site Assessment—The user is required o identily the
sources of the chemical(s) of concern. obvious environ-
mental impacts (if any). any potentially impacted humans
and environmental receptors (for eaample, workers, resi-
dents. water bodies. and so torth). and potentially significuant
transport pathways (for example. ground water flow. utilines.
atmospheric dispersion. and so forth). The site assessment
will also include information collected trom  historical
records and a visual inspection of the siic.

5.4 Site Clussitication—Sites are classitfied by the urgency
of need for initial response action. based on information
collected during the site assessment. Associated with site
classifications are imiial response actions that are to be
implemented simultaneousihy with the RBCA process. Siles
should be reclassitied as actions are taken to resolve con-
cerns or as better information becomes avalable.

33 Twer o Evaluanon—A  look-up table contnning
screening level concentrations 1s used to determine whether
site condiions sabisfy the ontenia for o quick regulaton
closure or warrant a more site-speaitic evatuauon. Ground

water, soil, and vapor concentrations may be presented in
this table for a range of site descriptions and types of
petroleum products ({for example, gasoline, crude oil. and so
forth). The look-up table of RBSL is developed in Tier & or.
if a look-up table has been previously developed ind
determined 10 be applicable 1o the site by the user. then ke
existing = “SLs are used in the Tier | process. Tier 1 RBSLs
are typs derived for standard cxposure SCENAros using
current < ME and toxicological parameters as recommended
by the USEPA. These values may change as new methodol-
ogies and parameters are developed. Tier 1 RBSLs may be
presented as a range of values, corresponding 10 ua range of
risks or property uses.

5.6 Tier 2 Evaluation—Tier 2 provides the user with an
option to determine SSTLs and point(s) of comphliance. {1 is
imporiant to note that both Tier 1 RBSL and Tier 2 SSTLs
are based on achieving similar levels of protection of human
health and the environment (for example, 1077 10 107" nsk
levels). However, 1n Tier 2 the non-site-specific assumptions
and point(s) of exposure used in Tier | are replaced wuth
site-specific  daia and informauon. Additional site-
assessment data may be needed. For example, the Tier 2
SSTL can be derived from the same equations used to
calculate the Tier | RBSL, except that site-specific parame-
ters are used in the calculations. The additional site-specific
data may support alternate fate and transport analysis. At
other sites, the Tier 2 analysis may involve applying Tier |
RBSLs at more probable point(s) of exposure. Tier 2 SSTLs
are consistent with USEPA-recommended practices.

5.7 Ticer 3 Evaluation—Tier 3 provides the user with an
option to determine SSTLs for both direct and indirect
pathways using site-specific parameters and poini(s) of expo-
sure and compliance when it is judged that Tier 2 SSTLs
should not be used as target levels. Tier 3. in general. cun be
a substantial incremental effort relative 1o Tiers | and 2. as
the evaluation is much more complex and may include
additiona) site assessment, probabilistic evaluations. and
sophisticated chemical fate/transport models.

5.8 Remedial Action—If the concentrations of chemical(s)
of concern at a site are above the RBSL or SSTL ut the
point{s) of compliance or source area, or both, and the user
determines that the RBSL or SSTL should be used us
remedial action target levels, the user develops a remedial
action plan in order to reduce the potential for adverse
impacts. The user may use remediation processes 1o reduce
concentratior:: of the chemical(s) of concern to levels below
or equal to tfi- :arget levels or to achieve exposure reduction
{or ehminauon) through institutional controls discussed in
Appendix X4, or through the use of engineering controls.
such as capping and hydraulic control.

6. Risk-Based Corrective Action (RBCA) Procedures

6.1 The sequence of principal tasks and decisions associ-
ated with the RBCA process are outlined on the flowchan
shown in Fig. 1. Each of these actions and decisions 15
discussed as follows.

6.2 Sue clssessment—Gather the information necessdrs
1or site classificauon, initial response action. comparison 1o
the RBSL. and determining the SSTL. Site assessment mas
be conducted in accordance with Guide E 1399, Each
successive tier will require addiuonal site-specific data and
information that must be collected as the RBCA process
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proveeds. The user mady generale site-specific data and
information or estirmnate reasonable values tor key physical
charactenstics using sotl survey data and other readily
available information. The site characterization data should
be summarized in a clear and concise format.

6.2.1 The site assessment information for Tier | evalua-
tion may include the following:

6.2.1.1 A review of historical records of site activities and
past releases:

6.2.1.2 ldenufication of chemical(s) of concern:

6.2.1.3 Location of major sources of the chemical(s) of
concern:

6.2.1.4 Location of maximum concentrations of chemi-
calis) of concern in soil and ground water:

6.2.1.53 Location of humans and the environmental recep-
tors that could be impacted (poini(s) of exposure);

6.2.1.6 Identification of potential significant transpon
and exposure pathways (ground water transport, vapor
migration through soils and utilities, and so forth):

6.2.1.7 Determination ot current or potential future use of
the site and surrounding land. ground water, surface water,
and sensitive habitats;

6.2.1.8 Determination of regional hydrogeologic and geo-
logic characteristics (for example. depth 1o ground water,
aquifer thickness, Now direction, gradient, description of
confining units, and ground water quality); and

6.2.19 A qualitative evaluation of impacts 10 environ-
mental receptors.

6.2.2 In addition 1o the information gathered in 6.2.1, the
site assessment information for Tier 2 evajuation may
include the following:

6.2.2.1 Determination of site-specific hydrogeologic and
geologic characteristics (for example, depth to ground water,
aquifer thickness, flow direction, gradient. description of
confining units, and ground water quality);

6.2.2.2 Determination of extent of chemical(s) of concern
relative 1o the RBSL or SSTL, as appropriate:

6.2.2.3 Determination of changes in concentrations of
chemical(s) of concern over tume {for example, stable,
increasing. and decreasing); and

concern measured at poini(s) of exposure (for example,
dissolved concentrations in nearby drinking water wells or
vapor concentrations in nearby conduits or sewers).

6.2.3 In addition to the information gathered in 6.2.1 and
6.2.2, the site assessment information for Tier 3 evaluation
includes additional information that is required for site-
specific modeling efforts.

6.3 Sue Classilication and [niial Response Action—As
the user gathers data. site conditions should be evaluated and
an imtial response action should be implemented, consistent
with site conditions. This process is repeated when new data
indicate a significant change in site conditions. Site urgency
classifications are presented in Table |, along with example
classification scenarios and potential initial responses. Note
that the iial response actions given in Tuble I may not be
applicable for all sites. The user should select an vption that

best addresses the short-term health and safety concerns of

the sue while implementing the RBCA process.
6.3.1 The classification and inital response action scheme
givenn Table 115 an example. It 15 based on the current and

projected degree of hazard to human health and the 2nviron-
ment. This is a feature of the process that can be customized
by the user. “Classification 1" sites are associated with
immediate threats 10 human health and the ¢nvironment:
“Classification 2" sites are associated with shori-term 10 10
2-year) threats to human health, safety, and the environ-
ment; “Classification 3™ sites are associated with long-term
(greater than 2-vear) threats to human health. safetv. and the
environment: “Classification 47 sites are associated with no
reasonable potenuial threat to human health or 1o the
environment.

6.3.2 Associated with each classification scenario in Table
I 1s an iniial response action: the initial response acuons are
implemented in order to eliminate any potenual immediate
impacts to human health and the environment as well as 10
minimize the potential for future impacts that may occur as
the user proceeds with the RBCA process. Note that imual
response actions do not always require active remediation: in
many cases the initial response action is t0 monuor or
further assess site conditions 1o ensure that risks posed by the
sitc do not increase above acceptable levels over 1ime. The
initial response actions given in Table | are examples, and
the user is free 10 implement other alternatives.

6.3.3 The need 10 reclassify the site should be evaluated
when additional site information is collected that indicates a
significant change in site conditions or when implementation
of an interim response action causes a significant change in
site conditions.

6.4 Development of a Tier | Look-Up Table of RBSL—If
a look-up table is not available, the user is responsible for
developing the look-up table. If a look-up table is available,
the user is responsible for determining that the RBSLs in the
logk-up table are based on currently acceptable methodolo-
gies and parameters. The Jook-up table is a tabulation for
potential exposure pathways, media (for example, soil, water,
and air), a range of incremental carcinogenic risk levels
(10E-4 10 10E-6 are often evaluated as discussed in Appendix
X1) and hazard quotients equal to unity, and potental
exposure scenarios {for example, residential, commercial,
industrial, and agricultural) for each chemical(s) of concern.

6.4.1 The RBSLs are determined using tvpical, non-site-
specific values for exposure parameters and physical param-
eters for media. The RBSLs are calculated according to
methodology suggested by the USEPA. For each exposure
scenario, the RBSLs are based on current USEPA RME
parameters and current toxicological information given in
Refs {2, 3) or peer-reviewed source(s). Consequently. the
RBSL look-up table is updated when new methodologies and
parameters are developed. For indirect pathways. fate and
transport models can be used to predict RBSLs at a source
area that corresponds 10 exposure point concentrations. An
example of the development of a Tier | Look-Up Table and
RBSL is given in Appendix X2. Figure 2 and Appendix X2
are presented solely for the purpose of providing an vxample
develupment of the RBSL. and the values showld not be
viewed as proposed RBSLs.

6.4.2 Appendix X2 isan example of an abbreviated Tier !
RBSL Look-Up Table for compounds of concern associated
with petroleum releases. The exposure scenarios selected in
the example case are for residential and industnal/commer-
cial scenanos characterized by USEPA RME parameters for
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TABLE 1

Example Site Classification and initial Response Actions*

Cntena ang Prescnbed Scenanos

Exampie initial Respcnse Actions &

1 immaediate threat 10 human heaith. salety. o sensitive
environmental receptors

] Expiosive levets. or concentrations of vapors that could cause
acute heaith effects. are present d a resiaence or other building

[ Expiosive levels of vapors are present n subsurtace uliity
system(s), but no bulding of resigences are impacled

L] Free-product s present in significant quantites at ground surface.,

on surlace water podies. n uliiies other an water supply ines
or in surface water runoff

[ ) An active public water supply well, public water supply tine. of
putilic surface water intake s wnpacted of :mmeciately
threatened

) AmDient vapor/parniculate concentrations exceed concentrations of
concem from an acute exposure of safety wewpomt

* A sensitive habital or sensiive resources (sport fish. economcally

mportant species. threatened and endangered speces. and S0
forth) are impacted and afHected.
2. Short-term (0 10 2 years) threat to human health. safety.
of sensitve environmental receptors

[} There 1s patental for expiosive levels, or concentrauons of vapors
that coukd cause acute effects, 10 accumulate in a resxience or
other building

) Shalkow contarminated surface sois are open 10 pubiic access. and

dwellings. parks, playgrounds, day-care centers, schools, o¢
simiar use facilities are within 500 ft {152 m) of those sods.

[} A non-potable water supply well is impacted or immediatety
threatened.
] Ground water is impacted. and a public or domestic water supply

wetl producing from the inpacted aquifer 1s located wattun
two-years projected ground water travel distance down gradient
of the known extent of chermucaks) concem.

e Ground water 15 impacted, and a public or domestic water supply
wedl producing from a diffecent interval is focated withun the
known extent of chemicals of concem.

® Impacted surface water, SIOM waler, OF grounda water gischarges
within 500 f1 (152 m) of a sensitive habitat o surface water body
used for human dnnking water or contact recreation

3. Long-term (>2 years) threat to human heaith, safety, or sensitive
environmental receplors

] Subsurface sois (>3 1t (0.9 m) BGS) are significantly impacted, and
the depth between impacted sods and the first potable aquider 1s
less than 50 ft (15 m).

[} Ground water 15 impacted, and potabie water supply wells
produaing from the impacted interval are located >2 years
ground water ravel ume from the dissolved plume

L} Ground water 15 impacted, and non-potable water supply wells
producing from the impacted interval are located >2 years
ground water travel ime from the dissolved piume.

[ ] Ground water 1s ¥npacted, and non-potabie water supply wells that
o not produce from the impacted nterval are located within the
known extent of chemicaks) of concern.

[ ] Impacted surface water, storm water, or ground water discharges
within 1500 h (457 m) of a sensitive habitat or surface water
body used for human annking water of contact recreaton.

[ ] Shaliow contarminated surface sols are open 10 public access, and
dwellings, parks, playgrounds, day-care centers. schools. of
suniar use facikites are more than 500 Rt (152 m) of those soils

4 No demonstrable long-term threat to human heaith o salety
or sensitive environmental receptors
Prionty 4 scenanos encompass ak other condihons not described in Pnonties 1.
2. and 3 and that are consistent with the pnonty descnption given above
Some examples are as follows:

[ ] Non-patable aquifer with no existing local use impacted.

[ ] Impacted soils located more than 3 # (0.9 m) BGS and greater than
S0 ft (15 m) above nearest aquiter

(] Ground water 1s impacted. and noa-potable wells are located down

gradient outside the known extent of the chermicaks) of concern.
ang they produce trom a nonimpacted zone.

Nouty appropnate authonties. property ownefs. and potentially ateciec cares
ang only evaluate 1he need 1o

] Evacuate occupants and bequn abatement measures sulrh as
subsuriace venulaton of DUKDIng pressunzation

[ ) Evacuate immediate vicinly and begn abalement measures suCh
as ventiation.

[} Prevent further free-produc! mMigration Dy api¥oprale corianment
measures, Mstiule Iree-product recovery, anc <esirc: area
access. .

L ] Notfy user(s), provice alternate water supply. Rycrauically Zohtrex

contamunated water. and reat watel at pont-of-use

] Install vapor bamer (capping. loams. and so lonn). remaove saurce
Of restnct access 10 atlected area
[ ] Minimuze extent of impact by containment measures ang smoiement

habitat management 10 miumize exposure.

Nauty appropnate authonities, property owners, and potentially atecieC partes
ang only evaluate the need to
° Assess the potential for vapor mugrabion (through momitonng;
modeling) and remave sowce (if necessary). or install vapor
migration barrier.

L ] Remave soids, cover sods, or restnct access.

[ ] Notify owner/user and evaiuate the need to nstall pont-of-use
water treatment, hydrauiic control, or alternate water supply

[ ] Institute monitoring ar! then evaluate if natural antenuaton 1§

sufficent, or if hydraulic control 18 required.

L] Monitor ground water wed quality and evaiuate if control s
Necessary 10 prevent vertical mgration 10 the supply well

) institute containment Measures, resInCt access 1o areas near
discharge, and evaluate the magnitude and impac! of the
discharge.

Nouly appropriate authonties, property owners, and potentalty atectes parues
and only evaluate the need to
[ ] Monitor ground water ant determine the potential for future
mgration of the chemicaks) concems 10 the aquiter

] Mosutor the dissolved plume and evaluate the potential for natural
attenuation and the need {or hydrauic conrol.

] identity water usage of well, assass the effect of potential mpact.
monitor the dissolved piume. and evaluate whether natural
attenuation or hydraulic control are appropnate control
measures.

L] Monutor the dissotved phume, determine the potential for vertical
migraton, notdy the user, and cetermine if any impact s kkely

] Investigate current ¥mpact on sensitive hadnat or surface water
body. restnct access to area of gischarge (if necessary). and
evaluate the need for containment/control measures

[ ] Rastnct access 10 impact soils.

Noufy apgxopnate authonties. property owners. and potenually atlectea parues.
and only evailuate the need to

( ] Morutor ground water and evaluate effect of natural attenuation on
Gissoived plume migration,

[ Monitor ground water and evaluate sfiect of naturat attenuaton on
leachate migration.

[ ] Monitor ground water and evaluate effect of natural attenuation on

dissoived plume migration.

4 Johnson, D. C., Devaull, G E.. Ettinger. R. A, MacDonaio. R. L. M., Staniey, C C . Westby. T S.. and Conner, J., “Risk-Based Corrective Action Tier 1 Guidance

Manual.” Sheil Ot Co . July 1993.

8 Note that these are potential mitial response actions that may not be appropnate loc all sites. The user 18 encouraged 10 select optons that bes! address the
shori-term neaith and satety concerns of the site. while the RBCA process progresses.
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FIG. 2 Exposure Scenario Evaluation Flowchart
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adult males. The assumpuons and methodoiogy used 1n
Jdenving the example are discussed in Appendic X2 Note
that not all pussible expusure pathways are considered 1n the
dervvaton of the exampie. e user sirondd arsaay review ihe
assumpriony and methodoiogy wed o derne safues o o
fouk-up table to make sure dhar thev are cansisient with
reasonable exposure scenartos for the site bernyg convidered as
well wy currently aoeepted methodologies. The value of
creaung a look-up table s that users do not have o repeat
the exposure calculauons for each site encountered. The
look-up table is onty aliered when RME parameters. toxico-
logical informauon. or recommended methodologies are
updated Some states have compiled such tables for direct
exposure pathways that. tor the most part. contain identical
values (as they are based on the same assumpuions). Values
tor the cross-media pathways (for example. volaulization and
leaching). when available. often differ because these involve
coupling exposure calculations with predictive equations for
the fate and transpon of chemicals in the envircnment. As
vet. there 1s hittle agreement in the techmical community
concerning non-site-specitic values for the transport and fale
model parameters, or the choice of the models themselves.
AAgain. the reader should noie that the example is presented
here only as an abbreviated example of u Tier { RBSL
Look-Up Table for typical compounds of cuncern associated
with petroleum products.

6.4.3 Use of Total Petroleum Hydrocarbon Afeasure-
ments—Vanous chemical analysis methods commonly re-
ferred 1o as total petroleum hydrocarbons (TPHs) are often
used in site assessments. These methods usually determine
the total amount of hydrocarbons present as a single number
and give no informaton on the types ol hydrocarbon
present. The TPHs should not be used tor nisk assessment
because the general measure of TPH provides insufficient
information about the amounts of individual chemical(s) of
concern present.

6.5 Comparison of Site Conditions with Tier | Risk-Based
Screening Levels (RBSL)—1n Tier 1, the poiny(s) of exposure
and point(s) of compliance are assumed to be located within
close proximity to the source area(s) or the area where the
highest concentrations of the chemical(s) of concern have
been identified. Concentrations of the chemical(s) of concern
measured at the source area(s) identified at the site should be
compared to the look-up table RBSL. If there is sufficient site
assessment data, the user may opt to compare RBSLs with
statistical limits (for example, upper confidence levels) rather
than maximum values detected. Background concentrations
should be considered when comparing the RBSLs, to the site
concentrations as the RBSLs may sometimes be less than
background concentrations. Note that additivity of risks is
not explicitly considered in the Tier | evaluation, as it is
expected that the RBSLs are typically for a limited number
of chemical(s) of concern considered at most sites. Additivity
may be addressed in Tier 2 and Tier 3 analyses. To
accomphsh the Tier 1 comparison:

6.5.1 Select the potential exposure scenario(s) (if any) for
the site. Exposure scenarios are determined based on the site
assessment information described in 6.2:

6.5.2 Based on the impacted media identified, determine
the primary sources, secondary sources. transport mecha-
msms, and exposure pathways;

3 Select the receptors (if any) based on current sng
muup.md future use. Consider land use restriitoon
surrounding land use when making this sefection

6 3.4 Idenuty the exposure scenanos where the measures
concentrations of the chemicalls) of concern are 2borve the
RBSL.

6.6 Lapovure Evaluation Flowchart—Dunng 2 Teer
evaluanon. the nsk evaluauon flowchan presented in Fig
may be used as a tool 1o guide the user in seiecting
appropnate exposure scenarios based on site assessment
informauon. This worksheet may also be used in the
evaluauon of remedial action alternauves. To complete this
tiowchar:

6.6.1 Characterize site sources and exposure pathways.
using the data summarized from Tier | 10 customize the nisk
evaluation flowchant for the site by checking the small
checkbox for every relevant source. transport mechanmism.
and exposure pathway.

6.6.2 Identify receptors. and compare site conditions with
Tier | levels: For each exposure pathway selected. check the
receptor characterization (residential, commercial. and so
forth) where the concentrations of the chemical(s) of concern
are above the RBSL. Consider land use restrictions and
surrounding land use when making this selection. Do not
check any boxes if there are no receptors present, or likely 10
be present, or if institu.ionai controls prevent expasure from
occurring and are likely to stay in place.

6.6.3 Identify potential remedial action measures. Select
remedial action options 10 reduce or eliminate exposure 10
the chemical(s) of concern.

6.6.4 The exposure evaluation flowchan (Fig. 2) can be
used to graphically portray the effect of the Tier | remedsal
action. Select the Tier 1 remedial action measure or mea-
sures (shown as valve symbols) that will break the lines
linking sources, transport mechanisms. and pathways leading
to the chemical(s) of concern above the RBSL. Adjust the
mix of remedial action measures until no potential receptors
have concentrations of chemical(s) of concerns above the
RBSL with the remedial action measures in place. Show the
most likely Tier | remedial action measure(s) selected for
this site by marking the appropriate valve symbols on the
flowchart and recording a remedial action measure on the
right-hand-side of this figure.

6.7 Evaluation of Tier Results—At the conclusion of each
tier evaluation, the user compares the target levels (RBSLs or
SSTLs) to the concentrations of the chemical(s) of concern at
the point(s) of complhance.

6.7.1 If the concentrations of the chemical(s) of concern
exceed the target levels at the poini(s) of comphance, then
either remedial action, interim remedial action, or further
tier evaluation should be conducted.

6.7.1.1 Remedial Action—A remedial action program is
designed and implemented. This program may include some
combination of source removal, treatment. and containment
technologies, as well as engineering and institutional con-
wrols. Examples of these include the following: soil venting.
bioventing, air sparging, pump and treat, and natural atten-
uation/passive remediation. When concentrations of chemi-
cal(s) of concern no longer exceed the target levels at the

point of compliance, then the user may elect to move o
6.7.3.
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6.7.1.2 lnterim Remedial Action—|f achieving the desired
nisk reduction is impracticable due to technology or resource
limitations, an interim remedial action, such as remaval or
wreatment of ““hot spots,” may be conducted to address the
most significant concerns, change the site classification, and
facilitate reassessment of the tier evaluation.

6.7.1.3 Further Tier Evaluation—If further tier evaluation
is warranted, additional site assessment information may be
collected 1o develop SSTLs under a Tier 2 or Tier 3
evaluation. Further tier evaluauon is warranted when:

(/) The basis for the RBSL values (for example. geology.
exposure parameters, point(s) of exposure, and so forth) are
not representative of the site-specific conditions: or

(2) The SSTL developed under further tier evaluation will
be significantly different from the Tier : RBSL or will
significantly modify the remedial action activities; or

(3) Cost of remedial action to RBSLs will likely be greater
than further tier evaluation and subsequent remedial action.

6.7.2 If the concentrations of chemicals of concern at the
point of compliance are less than the target levels, but the
user is not confident that data supports the conclusion that
concentrations will not exceed target levels in the future,
then the user institutes a monitoring plan 1o collect data
sufficient to confidently conclude that concentrations will
not exceed target levels in the future. When this data is
coliected, the user moves 10 6.7.3.

6.7.3 If the concentrations of chemicals of concern at the
point of compliance are less than target levels, and the user is
confident that data supports the conclusion that concentra-
- tions will not exceed target levels in the future, then no
additional corrective action activities are necessary, and the
user has completed the RBC 1 process. In practice, this is
often accompanied by the .ssuing of a no-further-action
letter by the oversight regulatory agency.

6.8 Tier 2—Tier 2 provides the user with an option to
determine the site-specific poinifs) of compliance and corre-
sponding SSTL for the chemicai(s) of concern applicable at
the point(s) of compliance and source area(s). Additional site
assessment data may be required; however, the incremental
effort is typically minimal relative to Tier 1. If the user
completes a Tier | evaluation, in most cases, only a limited
number of pathways, exposure scenarios, and chemical(s) of
concern are considered in the Tier 2 evaluation since many
are eliminated from consideration during the Tier | evalua-
tion.

6.8.1 In Tier 2, the user

6.8.1.1 ldentifies the indirect exposure scenarios to be
addressed and the appropriate site-specific point(s) of com-
pliance. A combination of assessment data and predictive
modeling results are used to determine the SSTL at the
source area(s) or the point(s) of compliance. or both; or

6.8.1.2 Applies Tier | RBSL Look-Up Table values for
the dircct exposure scenanos al reasonable point(s) of
caposure (as opposed to the source area(s) as is done in Tier
11. The SSTLs for source areafs) and poini{s) ol campliance
can be determined based on t ~nonstrated and predicied
sttenuanon {reduction in ¢, rration with distance) of
compo ds that migrate awa: sy the source arcals).

6.8 An examnple of a Tier 2 apphcauon s dlustrated in
Appendix X5,

6.8.2 Twr 2 of the RBCA process involves the develop.
ment of SSTL based on the measured and predicied attenu-
ation of the chemical(s) of concern away from the source
area(s) using relatively simplistic mathemancal modeis. The
SSTLs for the source area(s) are generally not equal 1o the
SSTL for the point(s) of compliance. The prediciine equa-
tions are characterized by the following:

6.8.2.1 The models are relatively simnplistic and are often
algebraic or semianalytical expressions;

6.8.2.2 Model input is limited to practicably atiainable
site-specific data or easily estimated quanuues ifor example.
otal porosity, soil bulk density). and

6.8.2.3 The models are based on descnpuons of relevant
physical/chemical phenomena. Most mechanisms ihat are
neglected result in predicted concentrations that are greater
than those likely to occur (for example. assuming constant
concentrations in source area(s)). Appendix X3 discusses the
use of predictive models and presents models that might be
considered for Tier 2 evaluation.

6.8.3 Tier 2 Evaluation—Identify the exposure scenarios
where the measured concentrations of the chemicai(s) of
concern are above the SSTL at the point(s) of compliance.
and evaluate the tier results in accordance with 6.7.

6.9 Tier 3—Iin a Tier 3 evaluation, SSTLs for the source
area(s) and the point(s) of compliance are developed on the
basis of more sophisticated statistical and contaminant fate
and transport analyses, using site-specific input parameters
for both direct and indirect exposure scenarios. Source
area(s) and the point(s) of compliance SSTLs are developed
to correspond to concentrations of chemical(s) of concern at
the poini(s) of exposure that are protective of human health
and the environment. Tier 3 evaluations commonly involve
collection of significant additional site information and
completion of more -viensive modeling efforts than 1s
required for eithera T-.- ~ or Tier 2 evaluation.

6.9.1 Examplesof T ° analyses include the following:

6.9.1.1 The use ot serical ground water modeling
codes that predict uir-  :pendent dissolved contaminant
transport under condi. f spatially varying permeability
fields to predict expos at(s) of concentrations;

6.9.1.2 The use x-specific data, mathematical
models, and Monte inalyses to predict a statistical
distribution of exposu:. .ad risks for a given site: and

6.9.1.3 The gathering >f sufficient data 10 refine site-
specific parameter estimates {(for example, biodegradation
rates) and improve model accuracy in order 10 minimize
future monitoring requirements.

6.9.2 Tier 3 Evaluation—Identify the exposure scenarios
where the measured concentrations of the chemical(s) of
concern are above the SSTL at the point(s) of compliance.
and evaluate the tier results in accordance with 6.7 except
that a tier upgrade (6.7.5) is not available.

6.10 Implementing the Selected Remedial Action Pro-
gram—When it is judged by the user that no lurther

assessment Is necessary, or practicable, a remedial  ‘erna-
tives evaluation should be conducted 1o confirm - ~ost
cost-effecuve option for achieving the final remec. .on
target levels (RBSLs or SSTLs, as appropnate® led
design specifications may then be developed for . on
and operation of the selected measure. The remec:. ..uon

must continue until such time as momtonng indicates that
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concentrations of the chemical(s) of concern are not above
the RBSL or SSTL. as appropniate. at the points of compli-
ance or source area(s). or both.

6.1t RBC 1 Report—Afler completion ol the RBCA activ-

ities. a RBCA report should be prepared and submitted 10
the regulatory agency. The RBCA report should. at a
minimum. include the following:

6.11.1 An execulive summary:

6.11.2 A site descnpuon:

6.11.3 A summary of the site ownership and use:

6.11.4 A summan of past rcieases or potenual source
areas:

6.11.3 A summany ol the current and completed site
activitles:

6.11.6 A description of regional hydrogeologic condinions:

6.11.7 A description of site-specific hydrogeologic condi-
tions;

6.11.8 A summary ol beneficial use:

6.11.9 A summary and discussion of the risk assessment
(hazard identification. dose response assessment, cxposure
assessment, and nsk charactenizauon). including  the
methods and assumptions used to calculate the RBSL or
SSTL. or both:

6.11.10 A summary of the uer evaluation:

6.11.11 A summary of the anatytical data and the appro-
priate RBSL or SSTL used;

6.11.12 A summary of the ecological assessment:

6.11.13 A site map of the location;

6.11.14 An extended site map 10 include tocai land use
and ground water supply wells:

6.11.15 Site plan view showing locauon of structures.
aboveground storage tanks. underground storage tanhe.
buried uuhues and conduits. suspected;conlirmed sources.
and so forth:

6.11.16 Site photos. if available:

6.11.17 A ground water elevation map.

6.11.18 Geologic cross section(s):. and

6.11.19 Dissolved plume map(s) of the chermical(s) of
concern.

6.12 Monuoring and Site Maimienance—In many cases.
monitonng is necessary 1o demonsirate the effectiveness of
implemented remedial action measures or 10 confirm that
current conditions persist or improve with ume. Upon
completion of this monitoring effort (if required). no further
action is required. In addition, some measures (for exampie.
physical barners such as capping. hydraulic control. and so
forth) require maintenance 10 ensure integrnty and continued
performance.

6.13 No Further Action and Remedial Action Closure—
When RBCA RBSLs or SSTLs have been demonstrated to
be achieved at the point(s) of compliance or source area(s).
or both, as appropriate, and monitoring and site mainle-
nance are no longer required to ensure that conditions
persist, then no further action is necessary, except 10 ensure
that institutional controls (if any) remain n place.

APPENDIXES

(Nonmandatar
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XI1. PETROLEUM PRODUCTS CHARACIUERISTICS: COMPOSITION, PHYSICAL AND CHEMICAL
PROPERTIES, AND TOXICOLOGICAL ASSESSMENT SUMMARY

X1t Imroduction:

X1.1.1 Petroleum products originating from crude oil are
complex mixtures of hundreds to thousands of chemicals;
however. practical limitations allow us to focus only on a
limited subset of key components when assessing the impact
of petroleum fuel releases 10 the environment. Thus, it is
important (0 have a basic understanding of petroleum
properties, compositions. and the physical. chemical. and
toxicological properties of some compounds most often
identified as the key chemicals or chemicals of concern.

X1.1.2 This appendix provides a basic introduction to the
physical. chemical, and toxicological charactenstics of petro-
leum products (gasoline, diesel fuel. jet fuel. and so forth)
and other products focussed primarily towards that informa-
tion which is most relevant to assessing potential impacts
due 10 releases of these products into the subsurface. Much
of the information presented is summarized from the refer-
ences histed at the end of this guide. For specific topics, the
reader is referred 10 the following sections of this appendix:

*=aliernatise products.” ur thowe products not hased on petroleum hydrocar-
bons for containmg them 1o small smounts). such as methanol or M85, are beyond
the swope of the Jiscussion in this appendis

X1.1.2.1 Composition of Petroleum Fuels—See X1.2.

X1.1.2.2 Physical, Chemical, and Toxicological Proper-
ties of Petroleum Fuels—See X1.3.

X1.1.2.3 Chemical of Concern—See X1.4.

X1.1.2.4 Toxicity of Petrolewm Hydrocarbons—See X1.5.

X1.1.2.5 Profiles of Select Compounds—See X1.6.

X 1.2 Composition of Petroleum Products:

X1.2.1 Most petroleum products are derived from crude
oil by distillation, which is a process that separates com-
pounds by volatility. Crude oils are variable mixtures ot
thousands of chemical compounds. primanly hydrocarbons:
consequently, the petroleum products themselves are also
variable mixtures of large numbers of components. The
biggest variations in composition are from one type of
product to another (for example, gasoline to motor oil);
however, there are even significant vanations within dif-
ferent samples of the same product type. For example,
samples of gasoline taken from the same fuel dispenser on
different days, or samples taken from different service
stations. will have different compositions. These vanations
are the natural result of differing crude oil sources. refining
processes and conditions, and kinds and amount of additives
used.
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Xi.2.2 Components of Petroleum Producis—The compo-
nents ol petroleum products can be generally classified as
either hydrocarbons (organic compounds composed of hy-
drogen and carbon only) or as non-hydrocarbons (com-
pounds containing other elements, such as oxygen, sulfur, or
nitrogen). Hydrocarbons make up the vast majority of the
composition of petroleum products. The non-hyvdrocarbon
compounds in petroleum products are mostly hydrocarbon-
like compounds containing minor amounts of oxygen.
sulfur. or nitrogen. Most of the trace levels of meals found
in crude oil are removed by refining processes {or the lighter
petroleum products.

X1.2.3 Descriptions and Physical Properties of Petrolewm
Producis—In order 1o simphfy the descripuon of various
petroleum products. boiling point ranges and curbon number
{number of carbon atoms per molecule) runges are com-
monly used to describe and compare the compositions of
various petroleum products. Table X1.1 summanizes these
characteristics for a range of petroleum products. Moving
down the hist from gasoline, increases in carbon number
range and boiling range and decreases in volatlity (denoted
by increasing flash point) indicate the transition to “heavier
products.” Additional descriptions of each of these petro-
leum products are provided as follows.

X1.2.4 Guasoline—Gasoline is composed of hydrocarbons
and “additives™ that are blended with the fuel to improve
fuel performance and engine longevity. The hydrocars:ns
fall primarily in the C4 10 C12 range. The lightest of these are
highly volatile and rapidly evuporate from spilled gasoline.
The C4 and C5 aliphatic hydrocarbons rapidly evaporate
from spilled gasoline (hours 1o months. depending primarily
on the temperature and degree of contact with air). Substan-
ual portions of the C6 and heavier hydrocarbons also evap-
orate, but at lower rates than for the lighter hvdrocarbons.

X1.2.4.1 Figure X 1.1 shows gas chromatograms of a fresh
gasoline and the same gasoline after ssmulated weathering;
air was bubbled through the gasoline until 60 % of s initial
volume was evaporated. In gas chromatography. the mixture
is separated into its components, with each peak representing
different compounds. Higher molecular weight components
appear funther to the right along the x-uxis. For reference,
positions of the n-aliphatic hydrocarbons are indicated in
Fig. X1.1. The height of. and area under. cach peak are
measures of how much of that component is present in the
mixture. As would be expected by their higher volatilities,
the lighter hydrocarbons (up to about C7) evaporate first and
are greatly reduced in the weathered gasoline. The gas
chromatogram of a tv.: o1l is also shown for comparison.

X1.2.4.2 The arom.uc hydrocarbons in gasoline are pri-
marily benzene (C,H,). toluene (C-H,). ethylbenzene
(CyH,,,), and xylenes (CH,,): these are collectively referred
to as "BTEX.™ Some heavier aromatics are present also,
including low amounts of polyaromatic hydrocarbons
{PAHSs). Aromatics typically comprise about 10 to 40 % of
gasoline.

X1.2.4.3 Oxygenated compounds (“oxygenates™) such as
alcohols (for example. methanol or ethanol) and ethers (for
example, methyl teriarybutyl ether-——MTBE) are sometimes
added to gasoline as octane boosiers and 10 reduce carbon
maonoxide exhaust emissions. Methyi teruarbuiyl ether has
been a commeon additive onhy since about JYSU

X1.2.44 Leaded gasoline, which was more common In
the past. contained lead compounds added as octane
*boosters. Tetracthy! lead (TEL) is one fead compound that
was commonly used as a gasoline additive. Other similar
compounds were also used. Sometimes mixtures of several
such compounds were added. Because of concerns over
atmospheric emissions of lead from vehicle exhaust. the EPA
has reduced the use of leaded gasolines. Leaded gasolines
were phased out of most markets by 1989.

X1.2.4.5 In order 10 reduce atmosphenc erussions of
lead, lead “scavengers” were sometimes added io leaded
gasolines. Ethvlene dibromde (EDB) and ethylene
dichlonde (EDC) were commonly used for this purpose.

X1.2.5 Kerosene and Jer Fuel—The hyvdrocatbons in

kerosene commonly fall into the C1l1 w0 Cl53 .-ge, and
distill at approximately 150 1o 250°C. Special w1 .ut (that
is, having broader boiling range) kerosenes anu  -flash
kerosenes are also marketed. Both aliphatic ang ::imatic
hydrocarbons are present, including more mult ‘m-
pounds and kerosene.

X1.2.5.1 Commercial jet fuels JP-8 and Jet A ha ar
compositions to kerosene. Jet fuels JP-4 and JP-: er
cuts used by the military. They contain lighter dis’ nd

have some charactenistics of both gasoline and k.

X1.2.5.2 Aromatic hydrocarbons comprise abuui 10 to
20 % of kerosene and jet fuels.

X1.2.6 Diesel Fuel and Light Fuel Oils—Light fuel oils
include No. | and No. 2 fuel oils, and boil in the range from
160 to 400°C. Hydrocarbons in light fuel oils and diesel fuel
typically fall in the C10 10 C20 range. Because of their higher
molecular weights, constituents in these products are less
volatile, less water soluble. and less mobile than gasoline- or
kerosene-range hydrocarbons.

X1.2.6.1 About 2510 35 % of No. 2 fuel oil 1s composed
of aromatic hydrocarbons, primarily alkvlated benzenes and
naphthalenes. The BTEX concentrations are generally low.

X1.2.6.2 No. | fuel oil is typically a straight run distillate.

X1.2.6.3 No. 2 fuel oil can be either a straight run
distillate, or else is produced by caralytic cracking (a process
in which larger molecules are broken down into smaller
ones). Straight run distillate No. 2 is commonly used for
home heating fuel. while the cracked product is ofien used
for industrial furnaces and boilers. Both No. | and No. 2 fuel
oils are sometimes used as blending componcnts for et fuc!
or diesel fuel formulations.

X1.2.7 Heavy Fuel Oils—The heavy fuel oils include
Nos. 4. 5. and 6 fuel oils. They are sometimes referred 10 as
“gas oils™ or “residual fuel oils.” These are composed of
hydrocarbons ranging from about C19 to C25 and have a
boiling range from about 315 10 540°C. They are dark in
color and considerably more viscous than water. They
typically contain 15 to 40 % aromatic hvdrocarbons. domi-
nated by alkylated phenanthrenes and naphthalenes. Polar
compounds containing nitrogen. sulfur, or oxygen may
compnise 13 to 30 % of the oil.

X1.2.7.1 No. 6 fuel oil. also called “Bunker Fuel” or
“Bunker C.” 15 a gummy black product used 1n heavy
industrial applications where high temperatures are available
w fluidize the o1l Its density s greater than that ol water

N1.2.7.2 Nos. 4 and 5 fuel oils are commonly produced
by blending No. 6 fuel o1} with lighter distliates
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X1.2.8 Motor Oils and Other Lubricating Ous—Lubri-
cating oils and motor oils are predominately comprsed of
compounds in the C20 to C45 range and boil at approxi-
mately 425 to 540°C. They are ennched in the most complex
molecular fractions found in crude oil. such as cycloparaffing
and PNAs having up to three nngs or more. Aromatics may
make up 10 10 10 30 % of the oil. Molecules containing
nirogen, sulfur, or oxsgen are also common. In additon.
used automative crankcase oils become enriched with PNAs
and certain metals.

X1.2.8.1 These oils are relanively viscous and nsoluble n
ground water and relatively immobule in the subsurface.

X 1.2.8.2 Waste otl composttions are even more difficult
to predict. Depending on how they are managed. waste oils
may contain some portion of the fighter products in addiuon
to heavy oils. Used crankcase oil may contain wear metals
from engines. Degreasing solvents (gasoline, naphtha, or
light chlorinated solvents, or a combination thereof) may be
present in some wastes.

X 1.3 Physical, Chemical, and Toxicological Characteris-
tics of Petroleum Products:

X1.3.1 Trends in Physical/Chemical Properties of Hydro-
carbons—In order 1o better understand the subsurface be-
havior of hydrocarbons it is helpful to be able to recognize
trends in important physical properties with increasing
number of carbon atoms. These trends are most closely
followed by compounds with similar molecular structures,
such as the straight-chained, single-bonded aliphatic hydro-
carbons. In general, as the carbon number (or molecule size)
increases, the following trends are observed:

X1.3.1.1 Higher boiling points (and melting potnts),

X 1.3.1.2 Lower vapor pressure (volatility),

X1.3.1.3 Greater density,

X1.3.1.4 Lower water solubility, and

X1.3.1.5 Stronger adhesion to soils and less mobility in
the subsurface.

X1.3.2 Table X 1.2 lists physical, chemical, and toxicolog-
ical propenties for a number of hydrocarbons found in
petroleum products. In general:

X1.3.2.1 Aliphatic petroleum hydrocarbons with more
than ten carbon atoms are expected to be immobile in the
subsurface, except when dissolved in nonaqueous phase
liquids (NAPLs), due to their low water solubilitics, low
vapor pressures. and strong tendency to adsorb to soil
surfaces.

X1.3.2.2 Aromatic hydrocarbons are more water soluble
and mobile in water than aliphatic hydrocarbons of similar
molecular weight.

X1.3.2.3 Oxygenates generally have much greater water
solubilinies than hydrocarbons of similar molecular weight,
and hence are likely to be the most mobile of petroleum fuel
constituents in leachate and ground water. The light
aleohols. including methanol and ethanol, are completely
miscible with water in all proportions.

X1.3.3 Properties of Mixtuwres—It is imporiant 10 note
that the partitioning behavior of individual compounds is
alTected by the presence of other hydrocarbons in the
subsurface. The maximum dissolved and vapor concentra-
tons achieved in the subsurface are always less than that of
any pure compound, when it is present as one of many
constituents of a petroleum fucl. For example, dissolved

benzene concentrations in ground water contacting gasoline
impacied soils rarely exceed | 1o 3 % of the ~i300-mg |
pure component solubility of benzene.

X1.3.4 Trends in Toxicologicai Properties ot Hidrocar
bons—A more detailed discussion of toxicological assess
ment is given in X 1.5 (see also Appendix X3). followed &
profiles for select chemicals found in petroleum product
given 1n X1.6. Of the large number of compounds present
petroleum products, aromauc hydrocarbons (BTEX. PAH;s
and so forth) are the constituents that human and aquatu
orgamsms tend to be most sensitive to (relauve 1o producing
adverse health impacts).

X 1.4 Chemicals of Concern for Risk Assessmonis

X1 4.1 It is not practicable 1o evaluate every compounc
present in a petroleum product o assess the human health or
environmental risk from a spill of that product. For this
reason, risk management decisions are generally based on
assessing the potential impacts from a select group of
“indicator” compounds. It is inherently assumed in this
approach that a significant fraction of the total potential
impact from all chemicals is due to the chemicals of concern.
The selection of chemicals of concern is based on the
consideration of exposure routes, concentrations, mobilities.
toxicological properties, and aesthetic characteristics (taste.
odoar, and so forth). Historically, the relatively low toxicities
and dissolved-phase mobilities of aliphatic hydrocarbons
have made these chemicals of concern of less concern
relative to aromatic hydrocarbons. When additives are
present in significant quantities, consideration should also be
given 10 including these as chemicals of concern.

X1.4.2 Table X1.3 identifies chemicals of concern most
often considered when assessing impacts of petroleum prod-
ucts, based on knowledge of their concentration in the
specific fuel, as well as their toxicity, water solubility,
subsurface mobility, aesthetic characteristics. and the avail-
ability of sufficient informauon to conduct risk assessments.
The chemicals of concern are identified by an “X" in the
appropriate column.

X 1.5 Toxicity of Petroleum Hydrocarbons:

X1.5.1 The following discussion gives a brief overview of
origin of the toxicity parameters (reference doses (RfDs)),
and slope factors (SFs), a justification for common choices of
chemicals of concern and then, in X 1.6, a brief summary of
the toxicological, physical, and chemical parameters associ-
ated with these chemicals of concern.

X1.5.2 How Toxicity Is Assessed: Individual Chemicals
Versus Mixtures—The toxicity of an individual chemical is
typically established based on dose-response studies that
estimate the relationship between different dose levels and
the magnitude of their adverse effects (1hat is, toxicity). The
dose-response data is used to identify a “safe dose™ or a toxic
level for a particular adverse effect. For a complex mixture of
chemicals, the same approach can be used. For example, 10
evaluate the toxicity of gasoline, a “pure” reference gasoline
would be evaluated instead of the individual chemical. This
“whole-product™ approach to toxicity assessment is stnctly
applicable only to mixtures identical to the evaluated mix-
ture; gasolines with compositions different from the refer-
ence gasoline might have toxicities similar 10 the reference.
but some differences would be expected. In addition, as the
composition of gasoline released 1o the environment changes
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through natural processes {volauhzauon. leaching, biodegra-
dauon). the toxicity of the remaining portion may change
also.

X1.5.3 An alternative to the “whole-product™ approach
for assessing the toxicity of muxiures s the “individual-
consutuent” approach. In this approach. the toxicity of each
individual constituent (or a selecied subsct of the few most
toxic constituents. so-catled chemicals of concern) is sepa-
rately assessed and the toxicity of the mixture is assumed (0
be the sum of the individual toxicities using a hazard index
approach. This approach is often used by the USEPA.
however, il is inappropriate to sum hazard indices unless the
toxicological endpoints and mechanisms of action are the
same for the individual compounds. In addition, the com-
pounds 10 be assessed must be carefully selected based on
thetr concentrations in the mixture, their toxicities, how well
their toxicities are known, and how mobile they are in the
subsurface. Lack of sufficient toxicological information is
often an impediment to this procedure.

X1.5.4 Use of TPH Measurements in Risk Assessmenis—
Various chemical analysis methods commonly referred to as
TPH are often used in site assessments. These methods
usually determine the total amount of hydrocarbons present
as a single number, and give no information on the types of
hydrocarbon present. Such TPH methods may be useful for
risk assessments where the whole product toxicity approach
is appropriate. However in general, TPH showld not be used
Jor Cindividual constituent” risk assessments because the
general measure of TPH provides insufficient information
about the amounts of individual compounds present.

X1.5.5 Toxicity Assessment Process—Dose-response data
are used to identify a “safe dose”™ or toxic level for a
particular observed adverse effect. Observed adverse effects
can include whole body effects (for example, weight loss,
neurological observations), effects on specific body organs,
including the central nervous system, leratogenic effects
(defined by the ability to produce birth defects), mutagenic
effects (defined by the ability to alter the genes of a cell), and
carcinogenic effects (defined by the ability to produce
malignant tumors 1n living tissues). Because of the greai
concern over risk agents which may produce incremental
carcinogenic effects, the USEPA has developed weight-
of-evidence criteria for determining whether a risk agent
should be considered carcinogenic (see Table X1.2).

X1.5.6 Most estimates of a “safe dose™ or toxic level are
based on animal studies. In rare instances, human epidemi-
ological information is available on a chemical. Toxicity
studies can generally be broken into three categories based
on the number of exposures to the risk agent and the length
of time the study group was exposed to the risk agent. These
studies can be described as follows:

X1.5.6.1 Acute Studies—Acute studies typically use one
dose or multiple doses over a short time frame (24 h).
Symptoms are usually observed within a short time frame
and can vary from weight loss 10 death.

X1.5.6.2 Chronic Studies—Chronic studies use multiple
exposures over an extended peniod of ume, or a significant
fraction of the animal's (typically two years) or the individ-
ual’s lifetime. The chronic effects of mujor concern are
carcinogenic, mutagenic, and teratogenic effects. Other

chronic health effects such as hver and kidney damage are
also imponant. T

X1.5.6.3 Subhchronic Studres—Subchronic studies  use
multiple or continuous exposures over an extended period
(three mionths s the usual time frame in animal studies:
Observed effects include those given for acute and chronu
studies.

X1.5.6.4 ldeally, safe or acceptable doses are calcutdted
from chronic studies, although. due to the frequent paucits
of chronic data. subchronic studies are used.

X1.5.6.5 For noncarcinogens. safe doses are based on o
observed adverse effect levels (NOAELs) or lowest abserved
adverse effect levels tLOAELs) from the siudies.

X1.3.6.6 Accepiarie doses for carcinogens are determuned
from mathemancal :nodels used to generate dose-responsc
curves in the low-dose region from experimentally deter-
mined dose-response curves in the high-dose region.

X1.5.7 Data from the preceding studies are used to
generate reference doses (RfDs). reference concentrations
{RfCs), and slope factors (SFs) and are also used in gener-
ating drinking water maximum concentration levels (MCLs)
and goals (MCLGs), health advisories (HAs). and water
quality criteria. These terms are defined in Table X 1.4 and
further discussed in X3.6.

X1.5.8 Sefection of Chemicals of Concern—The impact
on human health and the environment in cases of gasoline
and middle distillate contamination of soils and ground
water can be assessed based on potenual receptor (that 1s.
aquatic organisms, human) exposure to three groups of
materials: light aromatic hydrocarbons, PAHs, and in older
spills, lead. Although not one of the primary contaminants
previously described, EDB and EDC were used as leuad
scavengers in some leaded gasolines and may be considercd
chemicals of concern, when present.

X1.5.5 The light aromatics, benzene. toluene. xvlenes.
and ethylbenzene have relatively high water solubility and
sorb poorly to soils. Thus, they have high mobility in the
environment, moving readily through the subsurface. When
released into surface bodies of water, these materials exhibil
moderate to high acute toxicity to aquatic organisms. Al-
though environmental media are rarely contaminated to the
extent that acute human toxicity is an issue, benzene is listed
by the USEPA as a Group A Carcinogen (known human
carcinogen) and, thus, exposure to even trace levels of this
material is considered significant.

TABLE X1.1 Generalized Chemical and Physical Characterization
of Petroleum Products
Pcr arbon: "::t Bodmg° gange. Flasn::onm “
Range
Gascling C410C12 25 t0 215 -40
Kerosene and Jet Ci1to C13 150 to 250 <21.8211055.¢
Fuels >550
Diesel Fuel ana Light C10 to C20 160 to 400 >35
Fuel Ois
Heavy Fuel Qils Ci910 C25 315 to 540 >50
Motor Oifs ang Orer  C20 1o C45 425 to 540 >178

Lubncating Ois

4 Typical values

2 jet-B. AVTAG ang JP-4

C Kerosene. Jel A, jet A-1_JP-8 and AVTUR
2 AVCAT anag JP-5
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X1.5.10 Polycyclic aromatics can be broken into two
categories: naphthalenes and methylnaphthalenes (dia-
romatics) have moderate water solubility and soil sorption
potential and, thus, their movement through the subsurface
tends to be less than monoaromatics, but substantial move-
ment can still occur. When released into surface bodies of
water, these materials have moderate to high toxicity to
aquatic organisms. The PAHs with three or more condensed
rings have very low solubility (typically less than | mg/L)
and sorb strongly to soils. Thus, their movement in the
subsurface is minimal. Several members in the group of three
to six-ring PAHs are known or suspected carcinogens and,
thus, exposure to low concentrations in drinking water or
through the consumption of contaminated soil by children is
significant. In addition, materials containing four to six-ring
PAHs are poorly biodegradable and, coupled with the
potential to bioaccumulate in tissues of aquatic organisms,
these materials have the potential 1o bioconcentrate (be
found at levels in living tissue far higher than present in the
general surroundings) in the environment.

X1.5.1t Although almost totally eliminated from use in
gasolines in the United States, lead is found associated with
older spills. Lead was typically added to gasoline either as
tetraethyl or tetramethyl lead and may still be found in its
onginal form in areas containing free product. Typically
outside the free product zones, these materials have decom-
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posed into inorganic forms of lead. Lead is a neurotoxin and
lead in the blood of children has been associated with
reduced intellectual development. The ingestion by children
of lead-contaminated soils is an exposure route of great
concern, as is the consumption of lead-contaminated
drinking water. Ethylene dibromide and ethylene dichloride,
used as lead scavengers in gasolines, are of concern because
of their high toxicity (potential carcinogens) and their high
mobility in the environment.

X1.5.12 In summary, benzene and benzo{a)pyrene (and
in some cases EDB and EDC) are chemicals of concern
because of their carcinogenicity. Other PAHs may also be
grouped with B(a)P because of uncertainties in their carcino-
genicity and because they may accumulate (bioconcentrate)
in living tissue,

X1.5.13 Toxicity and Physical/Chemical Properties for
Chemicals of Concern—A summary of health effects and
physical/chemical properties for a number of chemicals of
concern is provided in Table X1.2. This table provides
toxicological data from a variety of sources, regardless of
data quality. A refined discussion for selected chemicals of
concern is given as follows. The reader is cautioned that this
information is only current as of the dates quoted, and the
sources quoted may have been updated, or more recent
information may be available in the peer-reviewed literature.
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TABLE X1.2 Chemical and Toxicological Properties of Selected Hydrocarbons

€ Cheoruc effect. See Ref {5).

2 Subenrome etlect. See Rel (5).

£ The data is pending in the EPA-IRIS gatabase

£ The oala has been withdrawn in the EPA.IRIS catabase

Weignt of Octanoi/Water Orgarc Carpon
Com s Ev Orai RID, Innalaton RIC,  Oral Slope Factor. A Dnnking Water Solupxiity. 8 Parutoa ACSOrDLON
pound Clasces‘:! mg/kg-day mg/m? mg/g-day-" MCL.4 mg/L mg/L Coeflicient & Coethcent 8
g X, 05 Koe
Benzene A £ £c 0.029¢ Q 008 1750 213 158
Toluene o] 0.2+ 0.44 1 53% 265 213
Ethyibenzene ] 0.14 14 Q7 152 313 198
Xylenes s} 2* 03¢# 10.0 198 326 238 »
n-Hexane £ 0.06°, 0.6° 020 . 13¢%
MTBE . £ 34 .. 43 000M 1.06-1 30~ 108°
MEK >] 0.64 14 ! 268 000 026 0865
MIBK 0.05¢, 052 008¢£ 082
Methanol 0.54 £
£thanol 1 000 000 ~Q 032 034
TBA . N .
Lead 82 .. 0.0154 .
£0C B2 L. 0.091 0.006 8520 1.48 11§
EDB B2 . £ 85 0.00008 4 300 1.76 1 64
PNAs:
Pyrene D 0.034 S .. 0132 4 88 458
Benzg{aypyrene B2 S 73 0.0002% 0.00120 598 559
Anthracena D 0.34 oo 0.0450 4.45 415
Prenanthrene D 1.00 446 415
Naphthalene DE 0.004¢ 0.04° S o 31.0¢ 3.28+ KR Ed
Chrysens B2 L 1.15% 0.0002 0.00180 5.61 5.30
" Benzo{k)fuoranthene B2 - 0.0002% 0.430 6.06 574
Fluorene o] 0.044 169 420 3886
Fluoranthene D 0.044 0.206 490 458
Benzo(g.hiperylene D o 0.000700 6.51 6.20
Benzo(d)fivoranthene B2 0.0002% 0.0140 6.06 5.74
Benz{alanthracene B2 0.0002% 0.00670 5.60 6.14
4 See Ref (2).
# Ses Ref {4).

G The whalation unit nisk for benzene is 8 3 x 1073 (mg/m3~' The dnnking water unit 1 8.3 x 104 (mg/L.)
" See Rel (§). Health-Dased critena lor carcinogen pOIyCychc aromatic compounas (PAHS) with the exceplion of dibenzo{a hjlaninracene are set at ane tenth of the

ievel of benzolalpyrene due 10 ther recognized lesser polency

' Listed i the January 1991 Dninking Water Pronty L:st and may be subject to tuture reguiation (56 FR 1470, 01/14/91)
4 USEPA. May 1993 Office of Drinking Water 15 pg/L 15 an acton level; standard for tap water

* Proposed standard

¢ See Ret (7).

~ See Rel (8).

~ See Rel {9).

© Esumation Equation {from (10))
{1)1og K. = ~0.55log S + 3.64. wnere § = water sotubility {mg/L)
{2) 10g Koo = 0.544 log P + 1.377

*# See Re! (11).

X1.5.13.1 The RID or SF values are generally obtained
from a standard set of reference tables (for example, Inte-
grated Risk Information System, IRIS (2). or the Health
Effects Assessment Summary Tables. HEAST (3)). Except as
noted. the toxiciy evaluations that follow were taken from
IRIS (2) because these are EPA-sanctioned evaluations. The
information in IRIS (2), however. has typically only been
peer-reviewed within the EPA and may not always have
support from the external scienuitic community. The infor-
mation in IRIS may also be subject 10 error (as exampled by
recent revisions in the slope factor for B(a)P and RfC for
MTBE).

X1.5.13.2 HEAST (3) is a larger database than [RIS (2)
and is often used as a source of health effects information.
Whereas the information in IRIS (2) has been subject to data
quality review, however. the information n the HEAST (3)
tables has not. The user is expected 1o consult the onginal
assessment documents 10 appreciate the strengths and lim-

TABLE X1.3 Commonly Selected Chemicals of Concern for
Petroleum Products
Unteaded Leaded Kerosene/ DS;::’ H:::/
Gasotns Gasoiine  Jet Fuels Fuel Oils Ots
Benzene X X X
Toluene X X X
Ethylbenzene X X X
Xylene X X X
MTBE, TBA, when when
MEK, MIBK, suspected  suspecleg4
methanot, ethanol
Lead. EDC. EDB S X
PNAS® X X X

* For example. when these compounds may have been present in the spiled
gasoline. These additives are not presant in all gasohnes
8 A ist of selected PNAs for consideralon is presented i Table XY 2

1ations of the data in HEAST (3). Thus, care should be
exercised in using the values in HEAST (3).
X1.5.13.3 References for the physical/chemical properues
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are provided 1n Table N1 20 Al Hennv's law constants
quoted 1n text are from Ret'(11) except MTBE which is from
estmauon: Ho= (L X WH)TO0(SE where MU s the
molecular weight. I/, = 414 mmHg a1 100°F. and § = 43 YU
mg/L.

X 1.6 Profiles of Setect Compoundy

X1.6.1 Benzene

X1.6.1.1 Torwcny Summary—Based on human epidemt-
ological studies. benzene has been found to be a human
carcinogen f{classified as a Group A carcinogen. known
human carcinogen by the USEPA). An oral slope factor of
26 x 1077 {mgikg'davi™' has been denved for benzene
based on the obserrance of leukerma trom occupational
exposure by inhalation. The USEPA has sct a drinking water
maximum contaminant level (MCL) atv 3 pg/L. The max-
imum contaminant level goal (MCLG) for benzene is set at
zero.

X1.6.1.2 Although the EPA does not usually set long-term
drinking water advisories for carcinogenic materials (na
exposure to carcinogens is considered acceptable), a ten-day
drinking water health advisory for a child has been set at
0.235 mg/L based on hematological impairment in animals.
The EPA is in the process of evaluating noncancer effects
and an oral RfD for benzene is pending.

X1.6.1.3 In situations in which both aquatic life and
water are consumed from a particular body of water, a
recommended EPA water quality criterion is set at 0.66
pg/L. When only aquatic organisms are consumed, the
criterion is 40 pg/L. These criteria were established at the
one-in-one-million risk level (that is, the critena represent a
one-in-one-million estimated incremental increase in cancer
risk over a lifetime).

X1.6.1.4 Physical/Chemical Parameter Summary—Ben-
zene is subject 1o rapid volatlizauion {(Henry's law constant
= 5.5 x 107" m3-atm/mol) under common above-ground
environmental conditions. Benzene will be mobile in soils
due 1o its high water solubility (2.75 x 10% pg/L) and
relatively low sorption to soil particles (log K. = 1.92) and,
thus, has the potential to leach into ground water. Benzene
has a relatively low log K, value (2.12) and is biodegradable.
Therefore, it is not expected to bicaccumuiate. In laboratory
tests, when a free gasoline phase was in equilibrium with
water, typical benzene concentrations in water ranged from
242 x 10% o0 1.1 x 10% pg/L.

X1.6.2 Toluene:

X1.6.2.1 Toxicity Summary—Using data from animal
studies, the USEPA has set an oral RfD for toluene at 0.2
mg/kg/dayv. In converting a NOAEL from an animal study.
in which the critical effect observed was changes in liver and
kidney weights, an uncentainty factor of 1000 and a modi-
fying factor of | were used. The EPA has assigned an overall
medium level of confidence in the RfD because. although the
principal study was well performed, the length of the study
corresponded to only subchronic rather than a chronic
evaluation. and reproductive aspects were lacking. Based on
the RfD and assuming 20 % exposure from drinking water,
the EPA has set both dnnking water MCL and MCLG of
1000 pg/L. Drinking water health advisories range from |
mg/L (lifetime equivalent 10 the RfD) to 20 mg/L (one-day
advisory for a child).

X1.6.2.2 In situations in which both aquatic life and

water are consumed {rom a parucular body of water. :he
recommended water quality cntenon s set at 143 x {¢f
ug/L. When only aquauc organisms are consumed. :he
critenon s 4.24 x 10 ug/l.

X16.2.3 An inhalauon RfC of 0.4 mg'm® was denvec
based on neurological effects obsened tn a small worker
population. An uncertainty factor of 300 and a modifving
factor ot | were used to convert the lowest observed adverse
effect level (LOAEL; 10 the RfC. The overall confidence in
the RIC was estabhished as medium because of the use of 4
LOAEL and because of the paucity of exposure inforrmation

X1.6.2.4 PhyvsicuisChemucal Parameter Summary—Tol-
ucne 1s expecied 1o volauhze rapidly. under common above-
ground environmental conditions. due o us refatively hugh
Henryv's law constant (6.6 x 107" m*-atm/moal). {t wil} be
mobile in soils based on an aqueous solubility of $.35 x 10°
ug/L and relatively poor sorption to soils (estimated log A,
= 2.48) and. hence, has a potential to leach into ground
water. Toluene has a relatively low log K. (2.73) and 15
biodegradable. Bioaccumulation of 1oluene is. therefore.
expected to be negligible. In laboratory tests, when a free
gasoline phase was in equilibrium with water, typical toluene
concentrations in water ranged from 3.48 x 10% 10 8.30 x
107 ug/L.

X1.6.3 Xvlenes:

X1.6.3.1 Toxicity Summary—Using data from animal
studies, the USEPA has set an oral RfD for xylenes at 2.0
meg/kg/day. In converting a NOAEL from the animal study.
in which the critical effects observed were hyperactivity,
decreased body weight, and increased monality (among male
rats)., an uncertainty factor of 100 and a modifying factor of
! were used. The EPA has assigned an overall medium level
of confidence in the RfD because. althangh the nrnecira!
stud, .22 w~en uesmigned and performea. supporting chem-
istry was not performed. A medium level of confidence was
also assigned to the database. Based on the RfD and
assuming 20 % exposure from drinking water, the EPA has
set both drinking water MCL and MCLG of 10000 g/L.
Drinking water health advisories of 10 mg/L (lifetime. adult)
and 40 mg/L (one-day, ten-day, and long-term child) are
quoted by the EPA's Office of Drinking Water. No USEPA
ambient water criteria are available for xylenes at this time.
Evaluation of an inhalation RfC is pending.

X1.6.3.2 Physical/Chemical  Parameter  Summary—
Xylenes are expected 1o rapidly volatilize under common
above-ground environmental conditions based on their Hen-
ry's law constants (for o-xylene, H .1 ox 1073
m?-atm/mol). Xylenes have a moderate water solubility
(1.46 10 1.98 x 10° pg/L) (pure compound) as well as
moderate capacities to sorb to soils (estimated log K, 2.38 to
2.79) and, therefore, they will be mobile in soils and may
leach into ground water. Xylenes are biodegradable, and
with log K,.. values in the range from 2.8 to 3.3, they are not
expected to bioaccumulate.

X1.6.4 Ethylbenzene: -

X1.6.4.1 Toxicity Summary—Using data from ammal
studies, the USEPA has set an oral RfD for ethylbenzene at
0.1 mg/kg/day. In converting a NOAEL from the animal
study, in which the critical effects observed were liver and
kidney toxicity, an uncertainty factor of 1000 and a modi-
fving factor of | were used. The EPA has assigned an overall
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TABLE X1.4 Weight of Evidence Criteria for Carcinogens

Category Cntenon

A Human caranogen. with sufficent ewidence trom epidermological
studies

81 Probabie human carcnogen. with mited ewdence om epide-
miologcal stugies

B2 Probable human caranogen. with sufficent evidence from anumai
studies and inacequale evidence of nO 0ala rom epdemiciogical
stucies

c Possibie human carcinogen. wilh amited evigence rom  arumal
studies in the absence of numan data

0 Not classifiable as 0 numan caronogemcity, Owing 1o magequale

numan and armimal evidence

Evigence of noncarcincgenkity for humans., with ac ewvidence ot
caranogenicily n at ieast two adequate ammal tests i aiblerent
species. or in Doth acequate anunal and epldemioiogical studies

m

low level of confidence in the RfD because the study was
poorly designed and confidence in the supporting database is
also low. Based on the RfD and assuming 20 % exposure
from drinking water, the EPA has set both drinking water
MCL and MCLG of 700 ug/L. Drinking water health
advisories range from 700 pg/L (lifetime equivalent 10 the
RfD) 10 32 mg/L (one-day advisory for a child). In situations
in which both aquatic life and water are consumed from a
particular body of water. a recommended ambient water
cniterion is set at 1400 pg/L. When only aquatic organisms
are consumed, the cniterion is 3280 ug/L. An inhalation RfC
of 1 mg/m3 was derived based on developmenial toxicity
effects observed in rats and rabbits. An uncertainty factor of
300 and a modifying factor of 1 were used 1o convert the
NOAEL to the RfC. Both the study design and database were
rated Jow and, thus. the overall confidence in the RfC was
established as low.

X1.6.4.2 Physical/Chemical  Parameter  Swnmary—
Ethylbenzene has a relatively high Henry's law constant (8.7
x 107 m3-atm/mol) and. therefore. can rapidly volatilize
under common above-ground environmental conditions.
Based on its moderate water solubility (1.52 x 10° pg/L) and
moderate capacity to sorb 1o soils (estimated log X, = 3.04).
it will have moderate mobility in soil and may leach into
ground water. In laboratory tests. when a {ree gasoline phase
was in equilibriurn with water, typical combined ethylben-
zene and xylenes concentrations in water ranged from 1.08 x
10¢ to 2.39 x 10* pg/L. due 1o partitioning effects, Ethyl-
benzene has a moderate ltow K, value (3.15) and is biode-
gradable. Therefore. it is not expected to bicaccumulate. In
laboratory tests. when a free gasoline phase was in equilib-
rium with water. (vpical combined ethylbenzene and xylenes

concentrations in water ranged from 1.08 x 10* 10 2.39 x
10* pg/L.

X1.6.5 Naphthalenes:

X1.6.5.1 Toxicity Summary—In general. poisoning man
occur by ingestion of large doses. inhalation, or skin adsorp-
uvon of naphthalene. [t can cause nausea. headache.
diaphoresis, hematuna, fever. anemia. liver damage. som-
iing, convulsions, and coma. Methylnaphthalenes are pre-
sumably less acutely toxic than naphthalene. Skin imtauon
and skin photosensitization are the only effects reported in
man. Inhalation of the vapor may cause headache. confu-
sion. nausea, and sometimes vomiting. The environmenial
concerns with naphthalenes are primarly attnbuted 1o
effects on aquatic organisms. As a consequence. the EPA has
not set any human health critena for these materials (that is.
there is no RfD or RfC, no drinking water MCL or MCLG
or ambient water quality criteria). A risk assessment (o
define a RfD for these materials is presently under review by
the EPA. Drinking water health advisories range from 20
ug/L (bhfeume, adult) to 500 pg/L (one-day advisorv for a
child).®

X1.6.5.2 Physical/Chemical Parameter Summary: Naph-
thalene—Naphthalene has a relatively high Henry's law
constant (1.15 X 1073 m?’-atm/mol) and, thus, has the
capacity to volatilize rapidly under common above-ground
environmental conditions. It has a moderate water solubiliry
{3.10 x 10* ug/L) and log K,,. (3.11) and has the potential 1o
leach to ground water. A moderate log K., value of 3.01 has
been reported, but because naphthalene is very biodegrad-
able, 1t is unlikely 10 bioconcentrate to a significant degree.

X1.6.5.3 Methyvlnaphihalenes—Henry's law consiants
{2.60 x 10~* m?-aitm/mol and 5.18 x 10~* m3-atm/mol for
i- and 2-methylnaphthalene. respectively) suggest that these
materials have the potential to volatilize under common
above-ground  environmental  conditions. I-Methyl-
naphthalene exhibits a water solubility similar to naphtha-
lene (2.60 x 10° ug/L 10 2.8 x 10° pg/L). However. solubility
decreases with increasing alkylation (dimethylnaph-
thalenes: 2.0 x 10% pg/L 10 1.1 x 10° ug/L. 1.4.5-
trimethylnaphthalene: 2.0 x 10* ug/L). These materials are,
therefore. expected to be slightly mobile to relatively immo-
bile in soil (for example, log K,, is in the range from 2.86 10
3.93 for 1- and 2-methylnaphthalenes). In aquatic systems.
methylnaphthalenes may parition from the water column 10

" Otfice of Water. USEPA. Washingion. DC

TABLE X1.5 Definitions of Important Toxicological Characteristics

Reference Dose—A reterence cose s an esumale (with an uncertainty typically spanming an order ol magnitude) of a daily exposure {mg/kg/day) 1o the general human
D0puiation (INcluding sensiive subgroups) thal 1s nkely 10 be without an appreciable nsk of geletenous effects dunng a lifeume of exposure

Reference Concentration—A relerence conCentrabion 1s an estimate (with an uncertainty spanming pernaps an order of magnitude} of a CONtNUOUS exposure 10 the
human poputation (including sensitive subgroups) that s bkely 10 De without appreciadie Qeletenous effects dunng a iletime.

Slope Factor—The siope of the gose-response curve n the low-gose region. When low-gose lineanty cannot be assumed. the slope 'actoc s the siope of the straight
ine from zero dose 10 the dose at 1 - excess nsk An upper bound on his stope s Lsudlly used instead of the slope uselt. The umis of the siope factor are usually
2xpressed as (mg/kgsaay) =’

Jnaring Water MCLS ang MCLGs—Maximum contaminant levels (MCLs) are dnnking water $tancaras estabhshed by the EPA that are protective of human reaitn
However. these standards take 10 accoum the technological capabiity of altaimng these standards The EPA has. theretore. aiso estaviished MCL goats (MCLGs!
wruch are based only on ihe protecnion of hurnan heaith The MCL stangaros are ohen useg as clean-up critena

Oninxing Water Health Advisories — The Qtfice of Onnking Water provides healtn agvisoces (HAS) as technical guidance for the pratection of human health They are nat
entorceatie fegeral standasds The HA s are the concentrat:on Of @ SUDSIANCE N Grinking waler estmaled to have neghgible deletenous efects n Mumans wher
ngested for spechied ime penocs

water Quality Criteria—These critena are Ot ruies an0 they do NOt have reguiaicry mpacl Rather these Crlena present scientfic gata and guidance of e
environmenial eflects of posutants wricn car be uselu lo denve reguialony requiremer:s 2ased On CONSICeratans of water Guanty impacts

1s



b £ 1739

organic matter contained tn sediments and suspended solids.
Methylnaphthalenes have high log K, values (greater than
3.5) and have the potenual to bioaccumulate. Thev do.
however. exhibit a moderate degree of biodegradation, which
ivprcalhy decreases with increased alkvlauon.

X1.6.6 Three to Six-Ringed P 1Hs—The most significant
health effect for this class of compounds s thair carcinoge-
micits. which s structure-dependent. Anthrucene  and
nhenanthrene have not been shown 1o cause cancer in
jaboratory amimals. The avaslabie data does not prove pyrene
to be carcinogeme 10 evpennmenial ammals. On the other
hand. benz[al-anthracene. benzofalpyrene. dibenz{a hjanth-
racene, and 7.1 2-dimeaihyvibeng{al-anthracene hasve been
shown to be carcinogenic in laborutory animals. B(a)P and
pyrene are discussed in X 6.7 and X 1.6.8 as representatives
of carcinogenic and noncarcinogenic effects of this class.

X1.6.7 Benzotajpyrene {BaPj

X1.6.7.0 Toxicity Swummuary—Based on ammal daia,
B(a)P has been classified as a probable human carcinogen
(B2 carcinogen) by the USEPA. A range of oral slope factors
from 4.5 10 1.7 (mg/kg/day)~" with a geometnc mean of 7.3
(mg/kg/day)™' has been derived for B(a)P based on the
observance of tumors of the forestomach and squamous cell
carcinomas in mice. The data was considered less than
optimal but acceptable (note that the carcinogenicity assess-
ment for B(a)P may change in the near future pending the
outcome of an on-going EPA review). The EPA has proposed
a drinking water MCL at 0.2 pg/L (based on the analytcal
detection limits). The MCLG for B(a)P is set at zero. In
situations in which both aquatic life and water are consumed
from a particular body of water. a recommended EPA water
quality criterion is set at 2.8 x 10~ pg/L. When only aquatic
organisms are consumed, the criterion is 3.11 x 10~% pg/L.

X1.6.7.2 Physical/Chermucal  Parameter  Summary—
When released to water. PAHs are not subject to rapid
volatilizauon (Henry's law constants are on the order of 1.0
x 10~* m3-atm/mol or less) under common environmental
conditions. They have low aqueous solubility values and
tend 1o sorb to soils and sediments and remain fixed in the
environment. Three ring members of this group such as
anthracene and phenanthrene have water solubilities on the
order of 1000 pg/L. The water solubilities decrease substan-
tially for larger molecules in the group, for example,
benzo{a]pyrene has a water solubility of 1.2 pg/L. The log
K, values for PAHs are on the order of 4.3 and greater,
which suggests that PAHs will be expected to adsorb very
strongly to soil. The PAHs with more than three rings
generally have high log K.,... values (6.06 for benzo[a]pyrene),
have poor biodegradability characteristics and may bio-
accumulate.

X1.6.8 Pyrene:

X1.6.8.1 Toxicity Summary—Using data from animal
studies, the USEPA has set an oral RfD for pyrene at 3 X
102 mg/kg/day. In converting a NOAEL from the animal
study, in which the critical effects observed were kidney
toxicity, an uncertainty factor of 3000 and a modifying
factor of | were used. The EPA has assigned an overall low
level of confidence in the RfD because although the study
was well-designed, confidence in the supporting database is
low. No drinking water MCLs or health advisories have been
set. In situations in which both aquatic life and water are

consumed from a particular body of water. a recommendeg
EPA water quality criterion is set at 2.8 x 107} ug L Whenr
only aquatic organisms are consumed, the criterion 1§ 3 1! «
1077 ag/L.

X1.6.8.2 Physical/Chemical Parameter Summarn—Rerer
10 X1.6.7.2 for BaP. Also see Table X1.2.

X169 MTBE:

X1 691 Toxieny Summari—Using data from anine.
studies. the USEPA has set an inhalation RfC for MTBE a1
mg;m>. In converting a NOAEL from the amimal study. n
which the criucal effects observed included incrzased iinver
and hidney weight and increased sevenity of spontancous
renal lesions (females), increased prostration {femaies) and
swollen pericolar tissue, an uncenamty tactor of (00 and a
modifying factor of | were used. The EPA has assigned an
overall medium level of confidence in the RfC because
although the study was well-designed. some information on
the chemistry was lacking. The confidence in the supporting
database i1s medium to high. No drinking water MCLs or
ambient water quality cniteria have been set. However. a risk
assessment, which may define a RfD for this matenal. is
presently under review by EPA. Drinking water health
advisories range from 40 ug/L (lifetime. adult) to 3000 pg/L
{one-day advisory for a child).®

X1.6.9.2 Physical/Chemical Parameter Summary—The
Henry's law constant for MTBE is estimated to be approxi-
mately 1.0 x 10~* m3-atm/mol. It is, therefore, expected 10
have the potential to rapidly volatilize under common
above-ground environmental conditions. It is very water
soluble (water solubility is 4.8 x 107 pg/L), and with a
relatively low capacity to sorb to soils (estimated log X, =
1.08). MTBE will migrate at the same velocity as the water in
which it 1s dissolved in the subsurface. The log K, value has
been estimated to be between 1.06 and 1.30. indicating
MTBE's low bioaccumulative potential. [t is expected to
have a low potential to biodegrade, but no definitive studies
are available,

X1.6.10 Lead:

X1.6.10.1 Toxicity Summary—(The following discussion
is for inorganic lead—not the organic forms of lead
(tetraethyllead. tetramethyllead) that were present in petro-
leum products.) A significant amount of toxicological infor-
mation is available on the health effects of lead. Lead
produces neurotoxic and behavioral effects particularly in
children. However, the EPA believes that it is inappropniate
to set an RfD for lead and its inorganic compounds because
the agency believes that some of the effects may occur at
such low concentrations as to suggest no threshold. The EPA
has also determined that lead is a probable human carcin-
ogen (classified as B2). The agency has chosen not 1o set a
numeric slope factor at this time, however, because it is
believed that standard procedures for doing so may not be
appropriate for lead. At present, the EPA has set an MCLG
of zero but has set no drinking water (MCL) or health
advisories because of the observance of low-level effects, the
overall Agency goal of reducing total lead exposure and
because of its classification as a B2 carcinogen. An action of
level of 15 ug/L has been set for water distribution systems
(standard at the tap). The recommended EPA water quality
criterion for consumption of both aquatic life and water 15 set
at 50 pg/L.
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N 10.2 Physical/Chemicai Parameter Summary—Qr-
ganic lead additive compounds are volatile (estimated Hen-
rn's law constant for tetraethyl lead 798 x 10
m'-atm/mol) and mav also sorb to particulate matter in the
air. Tetraethyl lead has an aqueous solubility of 800 pg/L
and an esumated log K, of 3.69 and. therefore, should not
be very mobile in the soil. It decomposes 1o inorganic lead in
ditute aqueous solutions and in contact with other environ-
mental media. In free product (gasoline) plumes, however. it
may remain unchanged. Inorganic lead compounds ughtly
bind to most soils with mimimal leaching under natural
conditions. Agqueous solubility varies depending on the
species involved. The soil's capacity 1o sorb lead is correlated
with soill pH. cation exchange capacity, and organic mater.
Lead does not appear 1o bioconcentrate significantly in fish
but does in some shellfish, such as mussels. Lead is not
bitodegradable.

X1.7 Discussion of Acceptable Risk (12)—Beginning in
the late 1970s and early 1980s. regulatory agencies in the
United States and abroad frequently adopted a cancer risk
criteria of one-in-one-million as a negligible {that is, ¢i =0
concern) risk when fairly large populations might be exposed
to a suspect carcinogen. Unfortunately. theoretical increased
cancer risks of one-in-one-million are oflen incorrectly
portrayed as serious public health risks. As recently discussed
by Dr. Frank Young (13), the current commissioner of the
Food and Drug Administration (FDA), this was not the
intent of such estimates:

X1.7.1 In applying the de minimis concept and in setling
. other safety standards, the FDA has been guided by the
figure of “one-in-one-million.” Other Federal agencies have
also used a one-in-one-million increased risk over a hfetime
as a reasonable criterion for separating high-risk problems
warranting agency attention from negligible risk problems
that do not.

X1.7.2 The rnisk level of one-in-one-million is often mis-
understood by the public and the media. [t is not an actual
risk, that is, we do not expect one out of every million people
to get cancer if they drink decafTeinated coffee. Rather, itisa
mathematical risk based on scientific assumptions used in
risk assessment. The FDA uses a conservative estimale (o
ensure that the risk is not understated. We interpret animal
test results conservatively, and we are extremely careful
when we extrapolate risks to humans. When the FDA uses
the risk level of one-in-one-million, it is confident that the
risk 10 humans is virtually nonexistent.

X1.7.3 In shon, a “one-in-one-million” cancer nisk esti-
mate, which is often tacitly assumed by some policy-makers
10 represent a tngger level for regulatory action, actually
represents a level of risk that 1s so small as 10 be of negligible
concern.

X1.7.4 Another misperception within the risk assessment
arena is that all occupational and environmental regulations
have as their goal a theoretical maximum cancer risk of | in
1 000 000 T-3vis. et al (14) recently conducted a retrospec-
the exam:- i of the level of risk that tnggered regulatory
acton tn | © Z:aistons. Three variables were considered: (/)
individual :sa 1an upper-bound estimate of the probability
at the highest exposure). (2) population nisk (an upper-limit
cstimate - ihe number ol addinonal incidences of cancer in
the expcsed populauon). and (J3) populaton size. The

findings of Travis, et al (14) can be summanrized as follows:

X1.7.4.1 Every chemical with an individual hifeume nsk
above 4 x 107 received regulation. Those with values beiow
I x 107" remained unregulated.

X1.7.4.2 For small populauons. regulatory action never
resulted for individual risks below 1 x 10~

X1.7.4.3 For potential effects resulting from expyiures 1o
the enure United States population. a nisk level be.ow 1 <7
107° never triggered action: above 3 x 107* always tnggered
action.

X1.7.5 Rodricks, et al (15) also evaluated regulaton
decisions and reached similar conciusions. In decisions:
relating to promulgation of National Emission Standards for
Hazardous Air Pollutants (NESHAPS), the USEPA has
found the maximum individual risks and total population
risks from a number of radionuclide and benzene sources too |
low 10 be judged significant. Maximum individual risks were
in the -ange from 3.6 X 107310 1.0 x 1072, In view of the
nisks deemed insignificant by USEPA. Rodricks, et al (15)
noted that 1 x 1073 (1 in 100 000) appears 1o be in the range
of what USEPA might consider an insignificant average
lifetime risk, at least where aggregate population risk is no
greater than a fraction of a cancer yearly.

X1.7.6 Recently, final revisions to the National Contin-
gency Plan (16) have set the acceptable risk range between
107* and 107% at hazardous waste sites regulated under
CERCLA. In the recently promulgated Hazardous Waste
Management System Toxicity Characteristics Revisions (17),
the USEPA has stated that:

“For drinking water contaminants, EPA sets a reference risk range for
carcinogens at 107% excess individual cancer nsk {rom lifenme exposure.
Most regulatory actions in a vanety of EPA programs have generully
largeted this range using conservauve models which are not likely 10
underestimate the nsk.”

X1.7.7 Interestingly, the USEPA has selected and promul-
gated a single risk level of 1 in 100000 (I x {07%) in the
Hazardous Waste Management System Toxicity Characier-
istics Revisions (17). In their justification, the USEPA cited
the following rationale:

The chosen risk level of 10~* is at the mudpoint of the reference risk
range for carcinogens (10~* to 10-%) generally used 10 evaluate CERCLA
actions. Furthermore, by setting the risk level at 10~ for TC carcino-
gens, EPA believes that this is the highest risk level that is likely to be
experienced, and most if not all risks will be below this level due to the
generally conservative nature of the exposure scenario and the under-
lying health critenia. For these reasons, the Agency regards a 10~* nsk
level for Group A, B, and C carcinogens as adequate 1o delincate. under
the Toxicity Characteristics, wastes that clearly pose a hazard when
mismanaged.”

X1.7.8 When considering these limits it is interesting to
note that many common human activities entail annual nisks
greatly in excess of one-in-one-million. These have been
discussed by Grover Wrenn, former director of Federal
Compliance and State Programs at OSHA, as follows:

X1.7.9 State regulatory agencies have not uniformly
adopted a one-in-one-million (I x 107%) risk cnterion in
making environmental and occupational decisions. The
states of Virginia, Maryland, Minnesota, Ohio, anc
Wisconsin have employed or proposed to use the one-in-one
hundred-thousand (1 x 107%) level of risk in their ns
management decisions (18). The State of Maine Deparimer.
of Human Services (DHS) uses a lifeume risk of one 1n one
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huendred thousand as a reterence tor non-threshold (carcino-
geaic) effects 1n its risk management decisions regarding
exposures 1o environmental contaminants (19). Similarly, a
hteume incremental cancer nsk of one 1n one hundred
thousand is used by the Commonwealth of Massachusetts as
a cancer nsk limit for exposures to substances in more than
one medium at hazardous waste disposal sites (20). This risk
mit represents the total cancer risk at the site associated
with exposure to multiple chemicals 1n ail contaminated
mecia. The State of California has also established a level of
1ish of une in one hundred thousand for use 1n determining
leveis of chemicals and exposures that pose no significant
rishs of cancer under the Safe Drinking Water and Toxic
Enforcement Act of 1986 (Proposition 63) {21). Workplace
4ir standards developed by the Occupational Safety and
Health Administration (OSHA) typically reflect theoretical
rishs of one in one thousand (I x 107Y) or greater (15).

X1.7.10 Ulumately. the selection of an acceptacle 2 Jde
minimis nsk level 1s a policy decision 1n which boin cosiy
and benefits of anucipated courses of action shouid o
thoroughly evaluated. However. actuanal data ind nisa
estimates Of common human activiues. regulaton prece-
dents. and the relationship between the magnitude and
variance of background and incremental risk estimates ail
provide compelling support for the adoption of the Je
mirimis nisk level of | x 1077 for regulatory purposes.

Ni711 In summary. U.S. Federal and state regulaton
agencies have adopted a one-in-one-million cancer nsk as
being of negligible concern 1n situations where large popula-
uons (lor example, 200 milhon people) are insoluntarily
exposed to suspect carcinogens (for example. food additnes)
When smaller populations are exposed (for example. in
occupational settings). theoretical cancer risks of up to 10~
{1 1n 10 000) have been considered acceptable.

X2. DEVELOPMENT OF RISK-BASED SCREENING LEVELS (RBSLs) APPEARING IN SAMPLE LOOK-UP
TABLE X2.1

X2 Introduction:

X2.1.1 This appendix contains the equations and param-
cters used 1o construct the example “Look-Up™ (Table
X2.1). This table was prepared solely for the purpose of
presenting an example Tier 1 matrix of RBSLs. and these
values should not be viewed. or misused. as proposed
rermediation “standards.” The reader should note that not all
possibie pathways have been considered and a number of
aSSUMPUIONS CoNcerning exposure scenarios and parameter
values have been made. These should be reviewed for
appropriateness before using the listed RBSLs as Tier |
screening values.

X2.1.2 The approaches used to calculate RBSLs ap-
pearing in Table X2.1 are briefly discussed as follows for
eaposure to vapors. ground water. surficial soils. and subsur-
face soils by means of the following pathways:

X2.1.2.1 Inhalauon of vapors.

X2.1.2.2 Ingestion of ground water.

X2.1.2.3 Inhalation of outdoor vapors originating from
dissolved hydrocarbons in ground water,

X2.1.2.4 Inhalation of indoor vapors originating from
dissolved hydrocarbons in ground water,

X2.12.5 Ingestion of surficial soil, inhalation-of outdoor
vapors and particulates emanaung from surficial soils, and
dermal absorption resulting from surficial soil contact with
skin.

N2.1.2.6 Inhalauion of outdoor vapors originating from
hyvdrocarbons in subsurface soils.

NX2.1.2.7 Inhalation of indoor vapors originating from
subsurface hvdrocarbons, and

X2.1.2.8 Ingestion of ground water impacted by leaching
of dissolved hydrocarbons from subsurface soils.

X2.1.3 For the pathways considered. approaches used in
this appendix are consistent with guidelines contained in Ref
(26).

X2.1.4 The development presented as follows focuses
only on human-health RBSLs for chronic (long-term) expo-
sSures.

X2.1.41 In the case of compounds that have been classi-

fied as carcinogens, the RBSLs are based on the general
equation:

rik = average lijetime intake {mg/kg-day]
X potency factor [mgskg-day}~!

where the intake depends on exposure parameters (ingestion
rate. exposure duration, and so forth), the source concentra-
lion, and transport rates between the source and recepior.
The potency factor is selected after reviewing a number of
sources. including the USEPA Integrated Risk Information
Syvstem (JRIS) (2) database, USEPA Health Effects Assess-
ment Summary Tables (HEAST) (3). and peer-reviewed
sources. The RBSL values appearing in Table X2.1 corre-
spond to probabilities of adverse health effects ("risks™) in
the range from 107® to 10~* resulting from the specified
exposure. Note that this risk value does not reflect the
probability for the specified exposure scenario to occur.
Therefore, the actual potential risk to a population for these
RBSLs is lower than the 107% 10 107 range.

X2.1.4.2 In the case of compounds that have not been
classified as carcinogens, the RBSLs are based on the general
equation:

hazard quotient = average intake [mg/kg-day)/
reference dose [mg/kg-dav]

where the intake depends on exposure parameters (ingestion
rate, exposure duration, and so forth), the source concentra-
tion. and transpornt rates between the source and receptor.
The reference dose is selecied after reviewing a number of
sources, including the USEPA Integrated Risk Information
System (IRIS) (2) database, USEPA Health Effects Assess-
ment Summary Tables (HEAST) (3), and peer-reviewed
sources. The RBSL values appearing in Table X2.1 corre-
spond to hazard quotients of unity resulting from the
specified exposure. Note that this hazard quotient value does
not reflect the probability for the specified exposure scenano
to occur. Therefore, the actual potential impact to a popula-
tion for these RBSLs is lower than a hazard quotient =of
unity.

X2.1.5 Tables X2.2 through X2.7 summarize the equa-
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TABLE X2.1 Example Tier 1 Risk-Based Screening Level (RBSL) Look-up Tabie4

NGTE— This tabie 1$ presenteo nere only as an example set of Twer 1 RBSLs it 1s not a list of propased standards. The user should review all 35SUMPLONS H0r 10 uSiNg
any values. Appendix X2 descnbes ine basis of these values.

i:p‘:i‘;ye Zzi‘;z Target Levet Benzene Ethylbenzene Toluene Kﬁn ez? Naptnalenes a?:;;ie
A
ingoor air residential cancer nsk = 1E-06 3.32E-1 1 86E.03
screening cancer nsk = 1E-04 3 92E 01 1 8BE .01
levels fof chrome HQ = 1 1 I9E+03 3 36E+02 3 73E+03 185E+01
nNalaton commercialf zancer nisk = 1€.06 4 93E-0y 235£03
exposure. ndustnat zancer nsk = 1E-04 4 93E-0 23500
pim? cnrome HO = 1 1 46E+03 5 84E+02 1.02E+Q4 204E-0
Outaocor residenual cancer nsk = 1E-08 2 92E.-M 1 40E.03
ar cancer nsk = 1E-04 2946~ 1 40E-O1
screening caromic HQ = 1 104E+03 41TE-02 730E+03 1 46E+01
levels for commercial cancer nsk = 1£-06 433801 2 2EE 2]
;nnaiaton ndustnal  cancer nsk = 16-04 493E~01 2 35623
gxposure.
agim? coromic HQ = 1 1 46E+03 584E+02 1.02E+04 2.04E+01
OSHA TWA PEL, ug/m? 3.20E+03 4 35E+05 7.53E+05 4 35E+06 S.00E+04 2 0CE~02
Mean odor detection threshoid. ng/m3 8 1 95E+05 6 Q0E+03 8.70E+04 2.00E+02
Nauticral ngoor background concentrauon range, pg/m3 < 325E~0010 220E+001t0  960E-0% t0 4.85E~20 10
215E+01 9.70E+0Q 23E+O1 4727 -0
Soil
Sat resxlential cancer nsk = 1E-08 2 72€-01 RES~
volatkzaton cancer nsk = 1E-04 2.73E+01 RES
9 ouisoor & chronic HQ = 1 RES RES RES RES
9/kg commercial cancer nsk = 1E-06 4 57E-01 RES
ingustnal cancer nsk = 1E-04 4578+ RES
chrooic HQ = 1 RES RES RES RES
Sokvapor oo qennal cancer nsk = 1E-06 5.37E-03 RES
nirusion Irom cancer nsk = 1E-04 5.378-01 RES
soi 10 buiidings. chronc HQ = 1 4276402 2.08E+01 RES 4.07E+01
mg/kg commercial] cancer nsk = 1E-06 1 09E-02 RES
ndusnal cancer nsk = 1E-04 1 09E+00 RES
chromic HQ =1 1 10E+Q3 5 45E+O RES 1.07E+02
Surhical sod residential cancer nsk = 1E-06 5 82E-00 1.30E-01
AR cancer nsk = 1E-04 5 826+02 1 3CE-Ct
11009 m) chromc HQ = 1 7 83E+03 1 33+04 1.45E+06 9.776+02
::;5::" / commercialf cancer nsk = 1E-06 1 QOE-O J04E-On
Anataton, indusinal cancer nsk = 1E-04 1 00E+03 3.04E~01
mg/kg chronic HQ = 1 1156404 187E+04 2.08E+05 1.906+03
Soi-leacnate MCLs 2.93E-02 1 10E+02 177E+01 3.056+02 N{A 9.42E+00
orotect ragdential cancer ~sk = 1E-06 1.72€-02 5.908-03
und water cancer = .04 1.72E+00 RES
‘ j2stion target chrong ) 5.75E+02 1.29+02 RES 2.29E+Q1
level, mg/kg o Tercal/ cancer - Z-06 578€E-02 1.85E+00
ngustnal cancer © - = (E-04 5.78E+00 RES
chromic r. = 1 1 BE+03 361E+02 RES 6.42E+01
Ground Water
Ground water  ressdential cancer nsk = 1€-06 1.10E+01 >S¢
voiatiszation cancer nsk = 1E-04 110E+03 >8
to outdoor chromc HQ = 1 >9 > >8 >S5
ar, mg/L commercial/ cancer nsk = 1£-06 1 84E+O >S
indusinal cancer nsk = 1E-Q4 >5 >$
chrone HQ = 1 >S5 >5 >$ >$
Ground water MCLs 5 00E-03 7 00E-01 1 00E+00 1 Q0E+Q1 N/A 2 OOE-04
ngeston, residential cancer nsk = 1E-08 2.94E-03 1.17E-05
mg/L cancer nsk = 1E-04 2.94E-00 1 17E-03
chronic HQ = 1 3 65E+00 7 30E+00 7 30E+01 1.46€-01
commercialf cancer nsk = 1E-06 9 87E-03 3.92E-05
ngustaal cancer nsk = 1E£-04 9.87E-01 >8
chromc HQ = 1 . 1 02E+Q1 2.04E+01 >8 4.09E.01
Ground residential cancer nsk = 1E-06 2 38E-02 >3
Walef-—vapor cancer nsk = 1E-04 2.38E+00 >$
ntrusion from chrome HQ = 7 75E~0 3 28E+Q1 >$ 4 7T4E+00
ground water  commercial/ cancer nsk = 1E-06 7 39E-02 >$
10 buiidings. ndustnal cancer nsk = 1E.04 7 39€+00 >S
mg/L crrome HO = 1 >8 8 SQE-O >$ 1 23E-01

* As penzene soluDie coal tar prich volaties

8 See Ref (22).

€ See Rels (23-25)

° RES—Selected nsk level 1s not exceeded for pure 2ound Dresent at any concentration

£ >S—Seiected nsk level :s not exceeded 1or all POSS.Ce MiISSOIVEd levels (S pure component Soludiity)

el
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uons and parameters used to prepare the cxample look-up
Table X2.1. The basis for each of these equations 1s discussed
(n X2.2 through X2.10.

X222 ur—Inhalation ot Y apors  Ouidovrs Indoors)—In
ihns case chemical intake results {rom the inhaiauon of
vapors. U is assumed that vapor concenirations remain
constant over the duration of exposure. and all inhaled
chemicals are absorbed Equations appearing 1in Tables X2.2
and X2.3 for esumaung RBSLs for vapor concentrauons in
the breathing zone follow zwidance given in Ret (26). Should
the calculated RBSL exceed ihe saturated vapor concentra-
tion for any individual comporent. ">F 7 s entered in the
table to indicate that the seiected nisk lesel or hazard
Guotient cannot be reached or exceeded lor that compound

and the specified exposure scenano.

X2.3 Ground Water—[Ingesiion of Ground $$ urer—I1n this
case chemical intake results from ingesuon of groufid water
It 15 assumed that the dissolved hydrocarbon concentranions
remarn constant over the duration of exposure. Equations
appearing in Tables X2.2 and X2.3 for esumaung RBSLs for
drnnking water concentrauons follow guidance gien :n Rey
(26) for ingestion of chemicals 1n drinking water Should the
calcuiated RBSL exceed the pure component soiabihty for
any individual component. “>S" 1s entered in the table 10
indicate that the selected nsk level or hazard quactient can-
not be reached or exceeded for that compournd and the
specified exposure scenano funless free-phase product s
mixed with the ingested water).

TABLE X2.2 Egquations Used to Develop Example Tier 1 Risk-Based Screening Level (RBSLs) Appearing in “Look-Up" Table X2.1—
Carcinagenic Effects4

Note—See Tables X2 4 vrougn X2 7 for gefimtion of parameters

Medium Exposure Route Risx-Based Screening Level {RBSL)
gays
TRxBWxATCxSiGs-—z—x IOJV—Q
Arr inhalation & msst,, |42 yeus
m3-air SF, x IR,, x EF x ED
days
TR x BW x AT, x 365 ———
8 mg years
Ground water ngestion {potable groung water supply only} RBSL, -
L-H,0 SF, x IR, x EF x ED
H
mast.. 2]
Ground water®  enclased-space {indoor} vapor nhalaticn® RBSL, [____ R 10-2 8
L-H0 VF e ug
'S
RBSL,., [-—J—g—']
m 3 mv-aif m
Ground water® ambient toulcoor) vapor inhatation? RBSL,, I——iJ = i 102 i
{L-H0 7 #g
RBSL, 49
kg-sod

Surticial soi ingestion of soil. inhaiation of vapors and

cays
TR x BW x AT, x 365 ——
years

pariculates, ang dermal contact®

K
EF x ED [(spo x 10-¢ 29 (IR, ou X RAF, + SA x M x RAF,)) + (SF, X IRy, x (VF,, + vF‘,))]

mg

For surficial and excavated soils (0 to 1 m)

i
. mest, [-—-—mf ]
~air
Subsuriace sod  ambrent (outdoor) vapor inhalaton® RBSL,[ 9 ]= e 10"—m—g
kg-soil VE o L]
RBSL,,{ £9 ]
m3-air mg
Subsurface sod®  enclosed space (indoor) vapor inhalation® RBSL, [ ] = x 10-3 =2
kg-soi VF ree0 ng
rost. (o)
Subsurlace soii€ leaching to ground water® Aast, [—2-] _ 2
kg-soi! LF,.

4 Note that ait RBSL values should be compared with thermodynamic partitloning imits, such as solublity levels, maximum vapdr Concentrapons, and so fontn it a RBSL
exceeds the relevant partitoning hmit, this 1s an indication that the selected nsk or hazard level will never be reached or exceeded lor that chemical and the selected

exposure scenario

8 Screening levels for these media based on other considerations (for example, aesthetic, background levels, environmental resource rotection. and so forth) can be
genved with these equations by subsuiuting the selected target level lor RBSL,,, or RBSL,, appeanng in these equations.

© These equalions are based on Ref {26}

® These equations simply define the “cross-media partitioning factors * VF, and LF,

23
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TABLE X2.3 Equations Used to De

-=ico Example Tier 1 Risk-Based Screening Level (RBSLs) Appearing in “Look-Up” Table X2, 1—

Noncarcinogenic EHects4

NoTE—See Tables X2.4 through X2 7 for >t parameters.

Medium Exposure F Risk-Based Screerung Level (RBSL)
gays H
THOxHID,xBWxATﬂxSGS——-Y*x \03-—-9-
: ears
Ax inhalation® RBSL,, {21 = y )
m>-au A, x EF x ED
gays
THO x RID, x BW x AT, x 365 -——
mg years
Ground water ngeston (potabia ground water supply only)®  R8SL . = —
L-H,0} IR, x ZF x ED
B
R&SL,,[ 2|
©omg ~&f § g
Ground water®  enclosed-space (indoor) vapor nhatathon? RBSL,, ; j - : g~ —
le-rz0 VE o »g
nss:._,,[ - g }
- g m-air mi
Ground water®  ambient (Outdoor) vapor nnalation® RE: -’-] - "0 8
:0 Vme Hg
1
RBS.. — =
|
Surfical sod ingeston of soil. inhalaton of vapors and par- THO x BW x AT, x 385 Ea__y_s_
veulates. and dermal contact® years
3
10-0 -2 x (A, x RAF, + SA xMxRAF‘,)) XV v
EF x ED *U..X( 5s * YFLN

RID, A,

For surficial and excavated soits (0 1o 1 m)

Agst,, |2
romg m3-au mg
Subsuriace soi€  ammient (ouldoor) vapor nnataton® ABSL, 1= x 10-3 —
1kg-son . ug
asst,, [—2-
romg g m3-air mg
Subsurtace sONS  enclosed space (INCoor! vapor nhalation? RBSL, ] l = x 10-3 —=
{kg-soj VF 050 Hg
m
o[22
;o om K
Subsurtace soi€  teacning to grouna water® RBSL, ik 9 | 2
g-sov! LF

4 Note that ail RBSL salues should be compared with thermodynamic paritioning kmits. such as solubility ‘evels, maxumum vapor concantrations, and so lortn if 3 RBSL
exceeds the relevant carbboning hmit. this 18 an ngication that the selected nisk of hazard level will never be reached or axceeded lor that chemical and the selected

expasure scenang.

& Screening tevels for these meta based on other considerations (for example. aesthetc, background levels. environmental resource protection, and so lorth) can be
cenved with these equations Dy substituting the selected target levet for RBSL,, or RBSL, appeanng in these equations

¢ Trese equanons are based on Ref (26).

© These equations simply define the “cross-mecia paritoning tactors.” VF, ana LF,,

X2.4 Grownd Wuater—Inhalation vf Onidoor Vapors.

X2.4.1 In thus case chemical intake 1s a result of inhala-
ton of outdoor vapors which originate from dissolved
hydrocarbons 1n ground water located some distance below
ground surface. Here the goal is 10 determine the dissolved
hydrocarbon RBSL that corresponds to the target RBSL for
outdoor vapors in the breathing zone. as given in Tables
X2.3 and X2.4. If the selected target vapor concentrauion is
some value nioer than the RBSL !or inhalation {that is. odor
threshold or ::ological criterion” this value can be substi-
tuted for the RBSL ,, paramete ~earing in the equations
given in Tables X222 and X2.°

X2.4.2 A conceptual model . transport of chemicals
p

from ground water to ambient air is depicted in Fig. X2.1.
For simplicity, the relationship between outdoor air and
dissolved ground water concentrations is represented in
Tables X2.2 and X2.3 by the “volatilization factor.” VF, ...
[{(mg/m*-air)/(mg/L-H,0)], defined in Table X2.5. It s
based on the following assumptions:

X2.4.2.1 A constant dissolved chemical concentration in
ground water,

X2.4.2.2 Linear equilibrium partition.~g between dis-
solved chemicals in ground water and chemical vapors at the
ground water table.

X2.4.2.3 Steady-state vapor- and liquid-phase diffusion
through the capillary fringe and vadose zones to ground
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TABLE X2.4 Exposure Parametiers Appeanng in Tables X2.2 and X2.3

Parameters Oehiniucns  UnNits Reswentiar Commerziaincusira.
arT, averaging lrme tor carcinogens years 70 vears 7C years*
AT, averaging wme fof noncarcinogens years 30 years 25 years*
Sw acull DOQY ~eght, xQ 70 kg 70 xg*
£2 expasure Jurabion. years 30 years 25 years*
EF exposure requency. Zays,years 350 caysiyear 250 cays'year*
R0 soi ingestion rate. mg/day 10C mg.cay 50 mg;cay*
R, ,ACO0r  zawy rCOCT -NRAIRLON rate TP i, 15 m:cay 25 miicavt
R,,Culcocr  aily DUIGCOf rhalaticn rate 20 m3gay 20 w3 cay*
A, sady «aler NGESLoN rate L 2 L/oay 1lcay”t
o ‘eacrung facior imgil-H, B sci—see Taple X2 5 crnemical-spec.dic cremcai-spectc
A 300 10 skin agherence tacicr TG 25 cse
FAF, cerma. relalive apsorplion *acior «Catles. PAKs 05005 230758
SAF, Srar reralive apsorpuon factor 10 18
=3SL r5x-0ase0 screening ievel for meCd + Tgrkg-son. mg/L-H,0. o cnemical-. meGia-. and exposure chercal- MeCa- anc exposwie

ug/m-air route-speciiic route-spechic
= ARIELON CIONIC reference QOse ™G/ %G-Cay chermicai-specific chemicai-speche
F:0, oral cnronic reference dose. MG kg-Gay chemucal-specific chemcai-specihic
SA skin surface area. cm?/day 3160 31604
SF rhaizuon cancer siope lacior -mg.xg-oay)”’ chemical-specihic chemical-soecihic

SF, crai zarcer stape factor, {mgixg-cay)™’

THO 1arget nazard quotient 1o nGividual constituents. unitiess
™R 1arget excess ndividual kfeume cancer nsk. unitiess
vF, voiauhizaton tactor, imgjm3-an)img/kg-sod) or (mg/m3-air)/(mg;

L-H,0)—see Taple X2 5

chemicai-specitic

10

for example, 10-¢ or 10~
chemical- and mecia-specfic

cnemucai-spechc

1.0

for example 10-% or 10~
chemical- and media-speciic

4 See Ref (27)
8 See Ref (28)

surface.

X2.4.2.4 No loss of chemical as it difTuses towards ground
surface (that is, no biodegradation), and

X2.4.2.5 Stcady well-mixed atmosphernie dispersion of the
emanating vapors within the breathing zone as modeled by a
“box model” for air dispersion.

X2.4.3 Should the calculated RBSL, exceed the pure
component solubility for any individual component, “>S" 1s
entered in the table to indicate that the selected risk level or
hazard quotient cannot be reached or exceeded for that
compound and the specified exposure scenano.

X2.5 Ground Water—Inhalation of Enclosed-Space (In-
door) Yapors:

X2.5.1 In this case chemical intake results from the
inhalation of vapors in enclosed spaces. The chemical vapors
originate from dissolved hydrocarbons in ground water
located some distance below ground surface. Here the goal is
to determine the dissolved hydrocarbon RBSL that corre-
sponds 10 the target RBSL for vapors in the breathing zone,
as given in Tables X2.2 and X2.3. {f the selected target vapor
concentration is some value other than the RBSL for
inhalation (that is, odor threshold or ecological criterion),
this value can be substituted for the RBSL,,, parameter
appearing in the equations given in Tables X2.2 and X2.3.

X2.5.2 A conceptual model for the transport of chemicals
from ground water to indoor air is depicted in Fig. X2.2. For
simplicity, the relationship between enclosed-space air and
dissolved ground water concentrations is represented in
Tables X2.2 and X2.3 by the “volatilization factor™ VF,,,
{(mg/m?3-air)/(mg/L-H,0)] defined in Table X2.5. It is based
on the following assumptions:

X2.5.2.1 A constant dissolved chemical concentration in
ground water,

X2.5.2.2 Equilibrium partitioning between dissolved
chemicals in ground water and chemical vapors at the
ground water 1able,

X2.5.2.3 Steady-state vapor- and liquid-phase diffusion

through the capillary fringe, vadose zone, and foundation
cracks.

X2.5.2.4 Noloss of chemical as it diffuses towards ground
surface {that is, no biodegradation). and

X2.5.2.5 Steady, well-mixed atmospheric dispersion of
the emanating vapors within the enclosed space, where the
convective transport into the building through foundauon
cracks or openings is negligible in companson with diffusive
transport.

X2.5.3 Should the calculated RBSL,, exceed the pure
component solubility for any individual component, “>8" 1s
entered in the table 10 indicate that the selected nsk level or
hazard quotient cannot be reached or exceeded for that
compound and the specified exposure scenano.

X2.6 Surficial Soils~-Ingestion, Dermal Coniact, and
Vapor and Particulate Inhalation:

X2.6.1 In this case it is assumed that chemical intake
results from a combination of intake routes, including:
ingestion, dermal absorption, and inhalation of both partic-
ulates and vapors emanating from surficial soil.

X2.6.2 Equations used to estimate intake resulting from
ingestion follow guidance given in Ref (26) for ingestion of
chemicals in soil. For this route, it has been assumed that
surficial soil chemical concentrations and intake rates re-
main constant over the exposure duration.

X2.6.3 Equations used to estimate intake resulting from
dermal absorption follow guidance given in Ref (26) for
dermal contact with chemicals in soil. For this route, it has
been assumed that surficial soil chemical concentrations and
absorption rates rernain constant over the exposure duration

X2.6.4 Equations used to estimate intake resuiting from
the inhalaton of particulates follow guidance given in Rel
(26) for inhalation of airborne chemicals. For this route.
has been assumed that surficial soil chemical concentrauons.
intake rates, and atmosphernic particulate concentrations
remain constant over the exposure duration.

X2.6.5 Equations used 1o estimate intake resulting from
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the inhalation of airborne chemicals resulting from the
volatilization of chemicals from surficial soils follow guid-
ance given in Ref (26) for inhalation of airborne chemicals.

X2.6.6 A conceptual model for the volatilization of chem-
icals from surficial soils 10 cutdoor air is depicted in Fig.
X2.3. For ssimplicity, the relationship between outdoor air
and surficial soil concentrations is represented in Tables

X2.2 and X2.3 by the “volatilizavon factor® F,
[(mg/m3-air)/(mg/kg-s0il}] defined in Table X2.5. It is based
on the following assumptions:

X2.6.6.1 Uniformly distributed chemical throughout the
depth 0—d (cm) below ground surface,

X2.6.6.2 Linear equilibrium pantitioning within the soil

matrix between sorbed, dissolved, and vapor phases. where

TABLE X2.5 Volatilization Factors (VF,), Leaching Factor (LF,_), and EHective Ditfusion Coefficients (D7)

Symbol Cross-Maaa Route (or Defimtion) Equaton
:’{le [Lg 1]
tmg/m3-air) | ERL, L,
VFaap  Ground water — enclosed-space vapors VF ceso [ = 100 =
Limg/L-H,0) e o m3
O (i) (O]
L ER Le Jl L(Dcna/Laua)’?
vF {mg/m3-air) . H x 109 L,
VF rarmo Ground water — ambient (outdoor) vapors ~amd {(mQIL-HgO)} ’ {U..,t!..l-cw m
L |l ow
s
3,
R . —y
Himg/xg-soi) Vedaw ¥{Ouy + Kyp, + H )T mJ’g
VF,, Surficial soils — amient air (vapors) or:
{mg/md-air) W, d cmd-k
VF, l e } - 108 9. wiichever s less®
(Mg/kg-501)]  Updper mig
mq/m3-air P W Y
Ve, Surfical soils — ambrent ar (particuiates) vF, {‘ 9iT ’] BT
{mg/g-soil)}  Upde, m3.g
. 3
o Subsurtace soi VFyumo [——————(mglma"")] - Hes x 100 280
u ace sois — ambient aw X
samo tmG/%G-SON] (5 4 kyp, + HEL) ( 1. Uué.is) mi-g
oW
Hp, DM /Ly
(mg/m?3-air) [Bn *+ Kyp, + HE,,) [ ER L, ] cm3-kq
VE Subsurface sol — enclosed- apors VE yus [“""‘“‘} - ’ —_—
pud losed-space vapor ™ limakgson) {o;'/Ls} + { o ] ™9
EA Ly (D:T:J/Lua:‘)ﬂ
r{mg/L-H,0) - 2, 1P cmikg
LF,., Subsurface sois — ground water *™ limg/xg-so ] 3
. 9 (MOGSONS (5 v ko, + Hon (1 + ’iz:.u) L9
w
. om? 03} 18P
Yo EHtective diftusion coafficient in soi based on vapor-phase op" {__.] VL SN L[
concentration s [ H 8
o rem? (5 1%,
D& ERective aiffusion coefficient through foundation cracks Offics —-—-} = D —-—;—- - O ——;’ﬁ- A
[ H ¢
rcm?y ¢33 1033
oez Eftective aiffusion coatficient through capillary Innge D i ——| = D 22y e L _mSA2 4
is l o3 H 8
cm? h h
os EHecuve aitlusion coethcient between ground water and ogt |—-—l = (N * N0,) t—-‘i‘; + -—‘-'-}-' A
soi surtace LS e O
Ca™ Soi concentrat . s tg
2 10N at which dissolved pore-water ang C, P= o [Hfl, - g+ k] X 100 4
vapor phases become saturated 1kg-soj cm-kg

4 Sea Ref (29)
8 See Ref (30)
€ See Ref (31).
© Based on mass dDaiance
€ See Ret (32)
* See Rel (33)
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TABLE X2.8 Soil, Building, Surface, and Subsurtace Parameters Used in Generating Example Tier 1 RBSLs
Note-—See X2.10 foc ustication of parameter selecton

Parameters Defintions. Unuts Residennal Commercal/incusinal
d lower depth of surficial sod zone, cm 100 ecm W0 em
D aifusion coetficent n air. cm?/s chemical-specfic chemicak spechc
[oid otfusion coetficent in water. cm?/s chemical-specific chemcar-spechic
ER enciosed-spacs ar exchange rate. u/s 0.00014 s 0.00023 s~
foe traction of organc carbon m sod §-C/g-sod 0.01 00
H nenry s law constant. (cma-H,Ojicm-air) chemcal-specific chemicakspechic
Neus trickness of capifary tnnge. cm 5cm 5cm
a, thickness of vagose zone om 295 cm 295 om
H nfiltfavon rate of waief through soi crhfyears 30 cmyyear 30 cruyear
Ko carpon-water soption coethcient. cm3.H,0/9-C chermical-specific chemical-specic
X, sod-water sorpuion coetficent. amd.r,Oig-scit foe X koo foe X X
Lg enclosed-space volurmefinfiltration area rato. ¢m 200 ¢cm 300 e
Lerses  ENCIOSE0-SPace loun0antion of wall thickness. om 15 om 15 ¢n
Low depth to ground water = N, - h, cm 300 cm 300 em
Ls depth 10 subsurface sod sources. cm 100 ¢ 100 cm
P. paruculale emission rate, g/emi-s 6.9 x 10-1¢ 8.9 x 10~
s pura component solubiity n water, mg/L-H,0 chemucal-spectfic chemical-speaific
U wind speec above ground surface ¢ ampient mxng zone. oM/s 225 cmy/s 225 cmys
Uge ground waler Darcy veioaily. cm/year 2500 cm/year 2500 cmyyear
w wigth of source area parallel to wind. or grounad waler fiow direction. cm 1500 cm 1500 cm
Buw ambient air mixing zone hegnt, om 200 em 200 em
Bow ground walef mixing zone thickness. ¢m 200 cm 200 cm
7 areal tracuon of cracks in toundatons, wails. cm?-cracks/cm?-total area 0.01 cm2-cracks/cm?-10tal area Q.01 cm2cracxksjem?-total area
[, volumetnc air content i capdlary (nnge sois. cm3-airjcm3-soil 0.038 cm?-awrfcm?-sod 0.38 em3-arrjemd-sodl
Opece  vOlumenc a content in foundation/wall cracks, cm3-airjem? total volume 0.26 em3-air/em? total volume 0.26 em3-aurfen? total voiume
[ volumetnc air content in vadose zone sods. cm3-airfcrm3-sod 0.26 cm3-airjen3-sod 0.26 em3.airj/om3-sod
Or total sod porosity, cm3jem?-sou 0.38 cm?jem?-sod 0.38 em¥fem?-sei
Bucap  VOMeEINC water contentin capdlary tnnge sous, cm3-H,0/cm-sod 0.342 am?-H,Ofem3-sod 0.342 ecm3-H,0/cm3-sod
Ovcrece vOWIMeEtNc water content in foundation/wall cracks. cm?-HOfem? total volume  0.12 em?-H,Ofem? total volume 0.12 emd-H,0/cm? 1otal voiurne
0oy volumetric water content i vagose zone sois. cm-H,0/em?-soil 0.12 em3-H,0/cm?-s0d 0.12 cm?-H,0/cm?-s0d
P soil bulk density. g-sod/cm3-sod 1.7 g/lem® 1.7 g/em®
T averaging time for vapor flux, s 783 x10%s 788 x10%s
the partitioning is a function of constant chemical- aid Timtar de determingd Feae 4o

seamae

soil-specific parameters,

X2.6.6.3 Diffusion through the vadose zone,

X2.6.6.4 No loss of chemical as it diffuses towards ground
surface (that is, no biodegradauon), and

X2.6.6.5 Steady well-mixed atmospheric dispersion of the
emanating vapors within the breathing zone as modeled by a
“box model™ for air dispersion.

X2.6.7 In the event that the time-averaged flux exceeds
that which would occur if all chemical initially present in the
surficial soil zone volatilized during the exposure period,

balance assuming that all chemical iniially present in the
surficial soil zone volatilizes during the exposure period.
X2.7 Subsurface Soils—Inhalation of Owdoor Vapors:
X2.7.1 In this case chemical intake is a result of inhala-
tion of outdoor vapors which onginate from hydrocarbons
contained in subsurface soils located some distance below
ground surface. Here the goal is to determine the RBSL for
subsurface soils that corresponds to the target RBSL for
outdoor vapors in the breathing zone, as given in X2.2. [f the
selected target vapor concentration is some value other than

TABLE X2.7 Chemicai-Specific Properties Used in the Derivation Example Tier 1 RBSLs

Chemical CAS Number

M. g/mal H, L-H 0 -an O, cm/s D, cmi/s log(Kee). Likg 0K ). LikG

Benzene 71.-43-2 784 Qg.224 0.0934 1.1 x 10~84 1.584 2134

Toluene 108-88-3 g24 Q.264 0.0854 9.4 x 10-%0 2,134 2654

Ethyl benzene 100414 1064 0.324 0.0764 8.5 x t0-e0 1.984 3134

Mixed xylenes 1330-20-7 1064 0.294 0.072° 8.5 x 10-%2 2.384 3.264

Naphthalens 91-20-3 1284 0.049+ 0.072° 9.4 x 10~64 314 3284

Benzo(alpyrena 50-32-8 252¢ 5.8 x 10-%8 0.050° 58 x 10-4°0 559¢ 5988

Chemical CAS Number SF,. kg-cay/mg SF, kg-gay/mg RID,, mg/xg-cay RID,. mg/xg-day

Benzene 71-43-2 0.029% Q.029F o .
Toluene 108-88-3 .- .. 0.2f 0.11F
Ethyl benzene 100-41-4 Q.1* 0.28%
Mixed xylenas 1330-20-7 2.0 2.0
Naphthalene 91-20-3 B . 0.0049 0.0049@
Benzo(ajpyrene 50-32-8 737 6.1% .

4 See Rel (34).

£ See Ref (35).

< See Rel (7).

o Diffusion coetficient calculated using the method of Fuller, Schettier, and Giddings. from Ret (11).
€ Calculated from K., /K, correiation: 10g(K,.) = 0.937 log(K,.,) — 0.006. from Ref (11).

F See Ref (2).
@ See Ret (3).
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the RBSL for inhalation (that is. odor threshold or ecological
criterion), this value can be substituted for the RBSL,,
parameter appearing in the equations given in Tables X2.2
and X2.3.

X2.7.2 A conceptual model {or the transpont of chemicals
from subsurface soils 1o ambient air is depicted in Fig. X2.4.
For simplicity. the relauonship between outdoor air and soil
concentrations is represented in Tables X2.2 and X2.3 by the
“volatihization factor.” VF,, [(mg/m3-air)itkg-soi)], de-
fined in Table X2.3 It 1s based on the tollowing assump-
tons:

X2.7.2.1 A constant chernical concentrauion in subsurface
soils.

X2.7.2.2 Linear equhibnum panitioning within the soil
matrix between sorbed, dissolved, and vapor phases, where
the panttioning is a function of constant chemical- and
soil-specific paramelers.

X2.7.2.3 Steady-siate vapor- and liquid-phase diffusion
through the vadose zone 10 ground surface,

X2.7.2.4 Noloss of chemical as it diffuses towards ground
surface (that is, no biodegradation), and

X2.7.2.5 Steady well-mixed atmospheric dispersion of the
_emanating vapors within the breathing zone as modeled by a
“box model” for air dispersion.

X2.7.3 Should the calculated RBSL, exceed the value for
which the equilibrated vapor and dissolved pore-water
phases become saturated, C,*' [mg/kg-s0il] (see Table X2.5
for calculation of this value), "RES” is entered in the table to
indicate that the selected risk level or hazard quotient cannot
be reached or exceeded for that compound and the specified
exposure scenario (even if free-phase product or precipitate is
present in the soil).

X2.8 Subsurface Soils—Inhalation of Encluosed-Space (In-
door) Vapors:

X2.8.1 In this case chemical intake is a result of inhala-
tion of enclosed-space vapors which originate from hydrocar-
bons contained in subsurface soils located some distance
below ground surface. Here the goal is to determine the
RBSL for subsurface soils that corresponds to the target
RBSL for indoor vapors, as given in Tables X2.2 and X2.3.
If the selected target vapor concentration is some value other
than the RBSL for inhalation (that is, odor threshold or
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ecological criterion), this value can be substituted for the
RBSL,;, parameter appearing in the equations given in
Tables X2.2 and X2.3.

X2.8.2 A conceptual model for the transport of chemicals
from subsurface soils to enclosed spaces is depicted in Fig.
X2.5. For simplicity, the relationship between indoor air and
soil concentrations is represented in Tables X2.2 and X2.3
by the “volatilization factor,” VF,,,, ((mg/m3-air)/(kg-soil)].
defined in Table X2.5. It is based on the following assump-
tions:

X2.8.2.1 A constam chemical concentration in subsurface
soils,

X2.8.2.2 Linear equilibdum partitioning within the soil
matrix between sorbed, dissolved, and vapor phases. where
the partitioning is a function of constant chemical- and
soil-specific parameters,

X2.8.2.3 Steady-siate vapor- and liquid-phase diffusion
through the vadose zone and foundation cracks,

X2.8.2.4 No loss of chemical as it difTuses towards ground
surface (that is, no biodegradation), and

X2.8.2.5 Well-mixed atmospheric dispersion of the ema-
nating vapors within the enclosed space.

X2.8.3 Should the calculated RBSL, exceed the value
C,*" [mg/kg-soil] for which the equilibrated vapor and
dissolved pore-water phases become saturated (see Table
X2.5 for calculation of this value), “RES” is entered in the
table 1o indicate that the selected nisk level or hazard

LVsir IR R
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A ‘, * ‘ depletion zone f * ’ diffusing
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FIG. X2.3 Volatilization from Surticial Soils
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quotient cannot be reached or exceeded for that compound
and the specified exposure scenario (even if free-phase
product of precipitate is present in the soil).

X2.9 Subsurfuce Sos—Leuchuing 1o Ground Water

X2.9.1 Inthis case chemical intake is a result of chemicals
leaching from subsurface soils. followed by inhalation of
enclosed-space vapors. inhalation of outdoor vapors. or
ingestion of ground water as discussed in X2.1 through X2.3.
Here the goal is to determine the RBSL for subsurface soils
that corresponds 10 the target RBSLs for the inhalation or
ingesiion routes. If the selected target ground water concen-
tration is some value other than an RBSL for ground water
(thats. odor threshold or ecological criterion), this value can
be substituted for the RBSL, parameter appearing in the
equations given in Tables X2.2 and X2.3.

X2.9.2 A conceptual model for the leaching of chemicals
from subsurface soils to ground water is depicted in Fig.
X2.6. For simplicity, the relationship between ground water
and soil concentrations is represented in Tables X2.2 and
X2.3 by the “leaching factor.,” LF,, [(mg/L-H,0)/ (mg/
kg-soil)]. defined in Table X2.5. It is based on the following
assumptions:

X2.9.2.1 A constant chemical concentration in subsurface
soils.

X2.9.2.2 Linear equilibrium partitioning within the soil
matrix between sorbed, dissolved. and vapor phases, where
the partitioning is a function of constant chemical- and
soil-specific parameters,

X2.9.2.3 Steady-state leaching from the vadose zone to
ground water resulting from the constant leaching rate I
[em/s],

X2.9.2.4 No loss of chemical as it leaches towards ground
water (that is, no biodegradation). and

X2.9.2.5 Steady well-mixed dispersion of the leachate
within a ground water “mixing zone."”

X2.9.3 Should the calculated RBSL, exceed the value for
which the equilibrated vapor and dissolved pore-water
phases become saturated (see Table X2.5 for calculation of
this value), "RES™ is entered in the table to indicate that the
selected risk level or hazard quotient cannot be reached or
exceeded for that compound and the specified exposure
scenario (even if free-phase product or precipitate is present
in the soil).

X2.9.4 In some regulatory programs. “dilution attenua-
tion factors™ (DAFs) are currently being proposed based on
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fate and transport modeling results. A DAF is typically
defined as the ratio of a target ground water concentration
divided by the source leachate concentration, and is inher-
ently very similar to the leachate factor, LF,,, discussed here.
The difference between these two terms is that LF,, repre-
sents the ratio of the target ground water concentration
divided by the source area soil concentration. Should a
regulatory program already have a technically defensible
DAF value, it can be equated to a leachate factor by the
following expression:
L}-‘_‘“_ = .—.——Q_’(—Q_(._‘JL___ x 10°
{6, + kp, + Ho,)

where the parameters are defined in Table X2.6.

X210 Parumeier Values:

X2.10.1 Table X2.4 lists exposure parameters used to
calculate the RBSLs appearing in sample Look-Up Table
X2.1. All values given are based on adult exposures only.
With the exception of the dermal exposure parameters (SA.
M. and RAF,), the values given are reasonable maximum
exposure (RME) values presented in Ref (27) and are
regarded as upper bound estimates for each individual
exposure parameter.

X2.10.2 The skin surface area, S4 = 3160 cm-/day, is
based on the average surface area of the head, hands, and
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forearms for adult males given in Ref (27). The soil-to-skin
adherence factor. W [mg/cm?]. and dermal relative absorp-
uon factor. RAF, [mg-absorbed/mg-applicd]. are based on
guidance issued by Rel (28).

X2.10.3 Soil properties are based on tvpical values for
sandy soils and are consistent with vaiues given in Ref (30).

X2.10.4 Physical dimensions are consistent with the scale
of typical underground fuel tank releases.

X2.10.3 Paruculate emission rates were cstimated by the
approach presented by Cowherd. et ol (32). It was assumed
that the mode of the surficial soil size distribution was 2 mm,
the erosion potential was unhnuted. there was no vegetative
cover, and the mean average annual wind speed was 4 mys.

X2.10.6 The chemical-specific parameters used are de-

fined in Table X2.7. .

X2.10.7 In this development, surficial soils are detfined as
those sotls present within | m of ground surtace. Sutsurface
sotl RBSLs are based on assumed source depths of | m
Ground water is assumed to be located 3 m below ground
surface.

X2.10.8 Once again, the reader is reminded ihat ihe
parameter (and corresponding RBSL) values are presented
here as examples only, and are not intended to be used Js
standards. At best. the parameters presented are reasonable
values based on current information and professional judg-
ment. The reader should review and verifv all assumpuens
prior to using any of the example RBSLs as screening level
values.

X3. USE OF PREDICTIVE MODELING IN THE RISK-BASED CORRECTIVE ACTION PROCESS

X3.1 Scope:

X3.1.1 Predicuve modeling i1s a valuable ool that can
provide information to the risk management process. in a
RBCA. modcling is used to predict the location and concen-
tration contaminants and to interpret. or extrapolate. site
characterization data, historical monitoring data. and toxico-
logical information. In addition. predictive modeling may be
used in evaluation of remedial alternatives and in evaluating
~compliance 1argets in monitoring plans. This appendix
discusses the following:

X3.1.1.1 Significance and usc of predictive modeling in
the RBCA process:

X3.1.1.2 Inmerpretation of predictive modeling resuits;

X3.1.1.3 Procedures for predictive migration models; and

X3.1.1.4 Procedures for exposure, risk. and dose-response
ussessment.

X3.1.2 This appendix is not intended to be all inclusive.
Each predictive model is unique and may require additional
procedures in its development and application. All such
additional analyses should be documented in the RBCA
process.

X3.2 Referenced Documents:

X3.2.1 ASTN Standards:

D 653 Terminology Relating to Soil. Rock. and Contained
Fluids’

D 5447 Guide for Application of a Ground-Water Flow
Model to a Site-Specific Problem®

D 5490 Guide for Comparing Ground-Water Flow Model
Simulations 1o Site-Specific Information®

E 943 Terminology Relating to Biological Effects and
Environmental Fate”

E 978 Practice for Evaluating Environmental Fate Models
of Chemicals’

D 5609 Guide for Defining Boundary Conditions in
Ground-Water Flow Modeling®

T antuat U o8 ANTNS Standiards Voi 03 0N
P obanudd Book o8 ST Standards, Vol @ 09
¥ tnnwal Bk of AST A Stundardy, Yol 11 03

D 5610 Guide for Defining Initial Conditions in Ground-
Water Flow Modeling?®

D 5611 Guide for Conducting a Sensitivity Analysis for a
Ground-Water Flow Model Application®

X3.3 Terminology:

X3.3.1 Definitions—For definitions of terms used in this
appendix, see Terminologies D 653 and E 943.

X3.3.2 Descriptions of Terms Specific to This Appendix:

X3.3.2.1 anulytical model—a model that uses mathemat-
ical solutions to governing equations that are continuous in
space and time and applicable to the flow and transpon
process.

X3.3.2.2 application verification—using the set of param-
eter values and boundary conditions {rom a calibrated mode!
to approximate acceptably a second set of field data mea-
sured under similar conditions.

Discussion—Application verification is to be distinguished trom
cuode venficauon. which refers to software testing. comparison with
analytucal solutions, and comparison with other similar codes 10
demonstrate that the code represents its mathematical foundauon.

X3.3.2.3 boundary condition—a mathematical expression
of a state of the physical system that constrains the equations
of the mathematical model.

X3.3.2.4 calibration (model application)—the process of
refining the model representation of the fluid and media
properties and boundary conditions to achieve a desired
degree of correspondence between the model simulation and
observations of the real system.

X3.3.2.5 cude validation—ihe process of determining
how well a2 modeling code's theoretical foundation and
computer implementation describe actual svsiem behavior
in terms of the ““degree of correlation™ between calculated
and independently observed cause-and-effect responses of
the prototype fluid flow system (for example. research site or
laboratory experiment) for which the code has been devel-
oped.

X3.3.2.6 code verification—the procedure aimed at estab-
bshing the completeness, consistency, correctness. and accu-
racy of modeling software with respect to its design cntena
by evatuating the functionality and operational characiens-
ues of the code and testing embedded algorithms and data
transfers through execution of problems for which indepen-
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dent benchmarks are available.

X3.3.2.7 compuier code compuier prograimj—the  as-
sembly of numerncal techniques. bookkeeping. and control
fanguage that represents the model from acceptance of input

data and instructions 1o delivers of output.

X3.3.2.8 vonceptual model—an interpre1ation or working
description of the charactensucs and dynamics of the phys.
ical system.

TABLE X3.1 Example Screening Level Transport Models

Cescription

Mathemancal Appreximalion

Parameters

Disscived Pnase Transport

Maximum 12NSDAN 1ate W, ., (CT-CaY, Kyt Clx; = oissolved hydrocardon corceriration along centermre « , =
ot ¢.550ived Dlume <z mas T VA 0. 2 = 0} of Gissoives e (g, em3-r,0)
e Couce™ 0iSSOIVEd NYOroCarDor CONCEeriraton in diSSOIveC piume
source area {g/cm3-1,01]
' = ground water gracient {Cmim|
Ky = salurated hydraulic concucuvity (CmMyQay|
Mimmum bme 1, . (¢} for leaaing eage L K, = sorption coetficient “g,g.5;..);‘9,'.;';13.;-(20)1
ot c1ssoived plume 1o travel gistance RS v L = distance gowngracient {cm|
L jem} g mas R, = retardation factor = (1 + k,0,/8,]
S. = source wiith (perpenaicutar ic How in the honzontal plare:
{em)
Sq = source width (perpencicutar 10 fiow 1N the verkal piane)
fem)
Steagy-state attenuation Cux) 150 , Axp, ! u = specific discharge [cm/day|
[tg/cm3-H,0)/{g/cm3-H,0)] along the z S Pl L VA R )]‘ Ug max = MAXiMum transport rate of dissaived plume [crmyday 14
centertne {x.y = 0.z =0)of a Joee t ’ x = distance along centerine from gowngracent edge of
aissoived plume S. Sq dissolved plume source zone (cm]
(9"’[ —‘—}) (9" {"":D y = depth below water table [cm}
» dvaxilt {4vax z = lateral distance away from cissolved plume centerting [cmy|
where: a, = longitudinal dispersvity [em] = 010 x
u=Kg/0, a, = transversa dispersivity [cm] = a,/3
a, = verical dispersivity [em] = o,/20
A = first-order degradation constant [g-'}
0, = volumetnc water content of saturated zone
fem3-H,0/cm3-s0d)
Py = soil bulk density [g-soijcm3.sod}
Tamn = MINKMUM cONvective trave! ime of dissoived hycrocarvons
to distance L (d}#
erf{n) = error function evaiuated for vaiue g
Immuscible Phase Transport: - Vo C,oe = lO soil hydrocarbon concentraton (g/g-soi]
Maximum depth O, {cm) of Smar T n<A2 C. e = equiibnum vapor concentraton {g/cm3-vaporj*
imrmiscible phase penetration AT s C. e = equilibnum dissolved concentration [g/cm-H, 04
Equiibrivm Partitioning: Die: = maximum depth of immiscible phase penetrauon jcm|*
Vapor Concentration. H = Henry's Law Constant [(g/cm-vapor)/(g/em3-H,0)]
C, oo lgrem3vapor} k, = sorption coefficient {{g/g-so/ig/em3-H,0)]
Maximum vapor concentraton C, oo ™ HC o g M, = molecular weight [g/mol}
above dissctved hydrocarbons P, = vapor pressure of compound 1 {aim)
Maximum vapor concentration when xPM, R = gas constant = 82 cm?-atm/moi-K
immscible hydrocarbon is present veq = ";’T“‘ A« = radial extent of hydrocarbon mpact {cm)
S, = pure component solubility |g/cm3-H,0}
T = absolute temperature (K]
Maxirmum vapor concentrations in sod HC,ou 1y V,ou = volume of hydrocarbon released {cm3]
pores (no immuscible phase present) vea ™ {00 + Kyma + HO) x, = mol fraction of component i
w T Kale T T 8a = volumetnc residual content of hydrocarbon under drasnage
conditions [cm?-hydrocarbon/cm?-sod]
Dissolved Concentration: 0. = volumetric content of sod pore water [cm?-H,0/cm?-sou |
Co g (G/em™-H, 0] 8, = volumetnc content of sod vapor [cm3-vapor/em3-soil]
Maximum dissolved concentration when Cuoa ™ XS, x = 3.1418
immiscible hydrocarpon s present I3 = soil bulk density [g-so/cm?-sod)
Maximum dissotved concentraton n sod Cyonbs (Cooe) = cONcCantration at which immiscible phase torms n sod
pores (no immiscible phase present) Cooa = 10 = kopy + H5.| lg/g-sod)A
Equilibrium Partioning: - e v D= = pure component diffusion coefficient in air (cm?/cay|
Sail Concentrations {g/g-soil): O*" = etlective diffusion coefficent for combined vapor and solute
Sod concentration {C,.,] [9/g-soi] at S, transport, expressed as a vapor phase diffusion coefficient
which immuscible hydrocarbon phase (Caoul = = 6 + kypy + MO, {no immiscible hydrocarbon present outside of source area)
forms in sod matnx bx {em?/day)*
O* = pure component diffusion coetficient in water [cm?3/day|
Vapor Phase Transport: H = Henry's Law Constant [(g/cmP-vapor)/(g/cm3-H,0)]
EHective porous media ditfusion oW = 0,33 v+ 10,33 D= k, = sorption coetficient {{g/g-solf{g/em-H,04)
coefficient 0* [cm?/day] for = —0;' H P K, = permeabiity 10 vapor flow [am?]
combined vapor and soluts transport. L = distance [em)
expressed as a vapor phase affusion a . .
coetficient {no immiscible v = porous media “retardation” factor (no immuscible
hydrocarbon present outside of hygrocarbon present outside of source area)
source area) S, = pure component solubiity {g/cm?-H,0]
Porous media “retardaucn” factor R, A = f,  kyp, U, mex = MAXKTIUM cONveclive transport rate of vapors [omcay )t
{no wmmscible hydrocarbon present - ['; " * "-] TP = vapor phase pressure gradient [g/cm?-s?]
outside of source area) a, = volumetnc content of soid pore water {cm3-H,0/cm3-sonl)
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TABLE X3.1 Continued
Descnpbon Mathematxcal Approximnation Parameters

Maximum convective transport rate _ K P 4, = volumetnc content of sod vapor - - ixir cmdscu)

U, maa lcmfday] of vapors Urmas = 27 . 8, = 10tal volumetric content of poce z:_ S mairx
v {em3jem3.sod}

MInmum UMe 1, ., () for vapors o L My = vapor wiscosity [g/cm:-s]
travel a distance L [cm} from source Temn = " 2y = sod bulk density [g-sodjem?-sod)
area by convecton” vme Temn ® MiNIMum tme for vapors 10 traved a distance L (Cmj Dy

convecuon [cay}4

Mimmum time r_ . [d] for vapors 1o L? Fame = MINIMUM Gme fOF vapkr's 10 raved 3 estance L jem! oy
vavel a gistance L {cm) rom source Tormn = ; 2, dgiffusion [day}*
area by aitfusion - Chow = 1013l 500 hyGrocarbon concentration . .soi]

Vapor Emissions from Subsurface Vapor C. e = equilibhum vapor concentralion {giom=.vapor:*

Sources to Open Surfaces: d = distance Delow ground surface 1o 1op of nycrocaroon vapor
source {em)

Maximum diftusive vapor flux £ ., F =g C.u O*" = eflecuve ditfusion coetficient for comz-at vapor anc solute
[g/cm’-day] from subsurface vapor mas a transport, expressed as a vapor pha. 500 coethcient
source located a distance d [cm) (no imrmiscible hydrocarbon present & o source area)
beiow ground surface (sleady-siate, [em?jday}A
constant source) R, = porous media “retardalion’ factor (nc .- - .scibie

hydrocarbon present outside of source areal”

Maximum ume-averaged dittusive vapor o > = 5,Co0n ; ‘rd7 . 2C, ,,D*"ry gl Yema ™ maximum convective ranspon rate u, .., of vapors
flux <F,.> {g/cm?-day] from e T Vi 2,C J i [emjday)4
subsurtace soils over penod from : e 2y = soit bulk density [g-sodjem3-so]
ume = 010 time = r, singie- v = averaging time (s}
component immiscible phase present Ag = total area Of enclosed space exposed "D vapor Ntrusion

{area of foundation) {cm?)
A pcx = 2rea 0f foundation through which vacs -5 are transported
(area of cracks. open seams. and so ‘crn) [cm?}

Maximurmn combined convective and C,or = t0tal s0d hydrocarpon concentration [g/g-soi)
aiftusive vapor flux F,,, [g/cm3-0ay] C. e ™ equilibnum vapor concentrabion {gjem3.vaporjt
trom subsurface vapor source located £ =Ry C., - By masCy g g = distance between foundation/walls and hydrocarbon vapor
a distance d [com) below ground H R, U, mgxd source [em)
surface - e""( oo )] D*" = effective diffusion coetherent through sod for COmDINed vaper

¢ and solute transport, expressed as a vapor phase difusion
coetficient {(no immiscibie hydrocarbon present oulscle of
source area) {cm?/day]*

Vapor Ermissions from Surface Soiis Dowr = eHective diffusion coetficient through founcancn cracks
0 Open Spaces: fem?jaay]*

Maxmum wme-averaged difusive vapor 2C, 0" Lescn = thuckness of foundation/wall [cmij
flux <Fpa,> [g/cm3-day] trom Frona® = C oo c . M., = molecular weignt of r [g/mal)
surtace soils over penod from tme = o0 M_r = average molecular weght of the hydrocarbon mixture
0 to ume = r, single-component {g/mai)
mmscible phase present P = vapor pressura of pure component i {aim}

Qp = volumetnc flow rate of ar within enclosed space [em?/s]
Q,o = vOlumetric filtration How rate of soW gas nto enclosed
space {em?/fs]

Maxmum ume-averaged diffusive vapor o R = gas constant = 82 atm-cm3/moi-K
fux <F > lg/cm?-day| from Fonar> = 20Ch0 N/ 37 R, = porous media “retardanon’ factorA
surtace soils over penod from nme = T = absolute temperature {K]

0 to ume = r, no uMMiscibie phase x, = mal fraction of component |
present 0, = volumetnc content of sod vapor {em-vaporjem3.sod}

Maximum tme-averaged ditusive vapor 2L,P*M,, Ps = soil bulk density [g-soil/cm3-sod}
flux <F e, [g/cm?-ay] from ZD'"(———-) = 3.1416
surface sois over penod from tme = Frp> = AT r :

0 to ume = r_ volatie components ’ = averaging time (s}
from relauvely nonvoiatie immuscibie —_—
ohase (for example. benzene trom ~rur Cueg = equlﬁt;num d-‘ssotved concentration in leachate source area
gasoline) where: lgfem-H,0
Ea = enciosed space ar exchange rate {1/d)
- Ene: = vapOr emussion rate into enclosed space |g/cay)4
o= o F = vapor flux [g/cm?.0ay}4
. g ATIC you M 1) i = ground water gradient {crmfemj
4 P Ky = saturated hydraulic conductivity [em/cay)
. L = gownwing length of vapor emissions source area {em)
M = ground water mixing zone thickness [cm)
q, = waler infiltration rate {cm/day]

X3.329 ground water flow model—apphication of a

mathe zal model to represent a site-specific ground water
flow « .
X3.- . .0 mathematical model—mathematcal equations

expressing the physical system and inciuding simphfyving
assumptions. The representation of a physical system by
mathematical expressions from which the behavior of the

systemn can be deduced with known accuracy.

X3.3.2.11 migration model—application of a mathemat-
ical model 10 represent a site-specific fluid flow sysiem.

X3.3.2.12 model—an assembly of concepts in the form of
mathematical equations that portray understanding of a
natural phenomenon.

X3.3.2.13 sensitivity (model application)—the degree to
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Conunued

Descnption

Mathematcal Approximatcn

Paramerers

vapor Emissions (o Enclosed Spaces
Maximum vapor emission rate £, Dera o
tg,emé-g) 1o enciosed spaces from
syDSUMace vapor sources Kxateo a
aistance g jcm| away from the .
enclosed spaces /

Hycrocaroon vapor Dispersicn

AMDIENT NyCrocardon vaper ¥4
ftelatu -t Mlelg) 'esmhng from area v
200t seurte Lo pon 10/CM3)

Enciosed space vapor concentrance £
Congoor 19/6%}

Leachate Transport
Leachung «mpact on Groung Water
Ground water source area concentraticn
Coonvee 19/6mI-H 0] resutting trom
leacring through vagose zone
hyGrocarbon-ympacted sois C
Ground walef source area concentraiton
Crouce 19/6m-H,0] resuiting from
hydrocarbon-inpacted sols in direct
contact with ground water

MG speed [Cmyoay)

volume of encicsec sgace .cmdl
width of #Mpacied sod zare (oM
nesght of breatning zone ‘emj

>
Wononow

# Equation for this parameter given in this lable.

TABLE X3.2 Reported Degradation Rates for Petroleum Hydrocarbons

Chemical Decay Rates {cay~', {haif-ife days))

Reterence Source Ethyi- B
of Data Benzene Toluene Somanne Xylenes  O-Xylene  MTBE  Naphtnalene ‘:;‘Z;e
Barker. et al* Borgen Aquifer. Canaca 0.007 {99] Q0.011 {63} 0.014 {50)
Kembiowsk:® 'Eastem Flonda Aguiter 0.0085 {82} L.
Cruang. et a€ Northem Mcrigan Aguiter 0095 (7} .
Wilson, et ai® Traverse Ciry. M1 Aquter  0.007 10 0.024 0.067 {10) 0.004 10 0.014
199] 1o {29] [173] to [50)
Howard, et alf Literature 0.0009 {730} 0.025 {28} 0.003 [228) 00019 {365} 00018 {365] 00027 [258] 0.0007 {1058]
10 0.069 (10] 10 0.099 {7} 10 0116{6] 10 00495 [14] to 0.0866 (8] 1o 0.0061 {114}
4 See Ref (38).
2 See Rel (37).
€ See Re! (38).
O See Rel (39).
€ See Ret (40).

which the model result is affected by changes in a selected
model input representing fluid and media properties and
boundary conditions.

X3.3.2.14 simulation—in migration modeling, one com-
plete execution of a fluid flow modeling computer program,

based on estimated migration and attenuation rates of
compounds of concern,

TABLE X3.3 Results of Exponential Regression for
Concentration Versus Time*

including input and output. Sie Compourd K. % per day
Campbeli, CA benzens 1.20
Discussion—ior the purposes of this appendix, a simulation refers 1o ethylbenzene 0.67
an individual modeling run. However, sirnulation is sometimes also ;ey‘:zmm (‘)lg
used broadly to refer 1o the process of modeling in general. Paio Alto, CA penzens 0.30
Virginia Beach, VA PCE 0.46
X3.4 Significance and Use: TCE 030
X3.4.1 Predictive modeling is significant in many phases ;‘;‘:?SJTC"““‘Y‘ co Senzene 8;3
of RBCA, including the following: San Joss, CA penzena 016
X3.4.1.1 Determining the potential urgency of response benzene 010
based on estimated migration and attenuation rates of Cnemical faciity uene ggf
compounds of concern, TCE 026

X3.4.1.2 Determining the extent of corrective action

(o%)

“ Source. Rel (41).

(9%)
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X3.4.1.1 Establishing relauonships between adm: nistered

doses and adverse impacts 10 humans and sensiti® :~-ron-
mental receptors. and

N340 4 Determining ABSLs concentrations s of
2xposure.

N3.4 2 Examples of predicuve modeling . the

RBCA process :nclude the following:

XN3.4.2.0 The precicuon of contzminant concentration
distributions for future tmes based on hustonical trend data.
as 1n the case of ground water transpont modeling,

N3.4.2.2 The recommendation of sampling locations and
sampling frequency based on currenmt interpretanon and
future expecianons of conmtaminant distmbutions. as in the
design of ground water monitonng netw orks.

X3.4.2.3 The design of correcuve action measures, as in
the case of hydraulic control systems, and

X3.4.2.4 The calculation of site-specific exposure point
concentrations based on assumed exposure scenarios, as in
the case ol direct exposure to surficial souls.

X3.4.3 Predictive modeling is not used in the RBCA
process as a subsutule tor validation of site-specific data.

X3.53 [merpretation of Predictive Modeling Results:

X3.5.1 Predictive models are mathematical approxima-
tions of real processes. such as the movement of chemicals in
the subsurface. the ingestion of chemicals contained in
dninking water. and adverse impacts to human health and
environmental resources resulting from significant expo-
sures. One key step towards evaluating model results is to
assess the accuracy and uncertainty, and o vernfy the model
used.

X3.5.2 The accuracy of modeling-based predictions is
evaluated using a post audit and s dependent upon a
number of factors, including the following:

X3.5.2.1 The approximations used when describing the
real svstem by mathematical expressions.

X3.53.2.2 The model setup. that is. the input parameters
(for example. boundary conditions) used to generate the
results. and

X3.3.2.3 The mathemancal methods used to solve the
governing equations (for example. user selection of numer-
ical solution methods. expansion approximations, numerical
parameters, and so forth).

X3.5.3 Predictive médeling results are always subject to
some degree of uncenainty. It is important to quantify this
uncertainty 10 properly interpret the results. Many times this
1s done with a sensiuvity analysis in which the user identifies
those parameters that most significantly influence the results.
Il most of all of the parameters do not produce “'sensitivity.”
then the model may need to be reevaluated because it is
possible that the key parameters are mussing from the model.

X3.5.4 A postaudit may be performed to determine the
accuracy of the predictions. While model calibration -and
venfication demonstrate that the model accurately simulates
past behavior of the systemn. the postaudit tests whether the

model can predict future system behavior. Por ..Jits are
normally performed several vears after the imitial . ..sment
and correcuse acuon.

X3.3.3 Inthe RBCA process. “conservatve ™ is a: nor-
tant ¢cniterion of predictine moedehng. In the imua: ua-
uon. Tier t. the most conservatine approach. 1s usee. ~auch

provides a worst case scenano (or patenual exposure and

nisk. Models that. because of their simplicity. neglect factors
that vield conservative results are used. Input may include
conservative values such as the USEPA RME values. When a
more rigorous approach is = 2rranted. such asn Tier 2 of the
RBCA process. conservat: . -alues are often used. but in
conjunction with a more rzasonable case scenano. This level
requires more specific information about the site and may
involve the use of either simple or moderately complex
mathematical models. It mayv involve the use of most likeiy
exposure scenano (that 1s, USEPA MLE values; This
informauon 1s used 10 sel conservative CoOfTective acuion
objecuves that are sull regarded as overly protective. At some
sites a comprehensive assessment is required (Tier 3) where
SSTLs are determined using a site-specific transport and
exposure model and, in some cases, parameter distributions.
Tier 3 provides the most realistic evaluation of potenual
exposure and risk.

X3.6 Types of Predictive Migration and Risk Assessment
Viodels:

X3.6.1 Predicuve models typically used in the RBCA
process can be grouped into two broad categones:

X3.6.1.1 Migration models, and

X3.6.1.2 Exposure, risk, and dose-response assessment
models.

X3.6.2 The determination of Tier | RBSLs or Tiers 2 and
3 SSTLs generally involves the use of combinations of both
types of models. A more detailed descnption of each type of
model is given in X3.7 and X3.8.

X3.7 Procedures for Predictive Migration Models:

X3.7.1 Migration (fate and transport) models predict the
movement of a petroleumn release through soil. ground water,
or air. or combination thereof, over time. Most models focus
on specific phenomena (for example, ground water trans-
port) and vary in complexity. depending on assumptions
made during model development. In RBCA. simplistic
screening-level migration models are utilized in Tiers | and
2. while more complex models are utilized in Tier 3.

X3.7.2 References to many simplistic models suntable for
screening-level evaluations for a number of pathways rele-
vant to hydrocarbon contaminant releases are listed in Table
X3.1. Most of the screening-level migration models have a
simple mathematical form and are based on multiple lim-
iing assumptions rather than on actual phenomena. For
example. a simple model is the use of estimated ground
water flow velocity 10 assess the travel time between the
leading edge of a dissolved hydrocarbon plume and a ground
water well. The travel time is approximated by the following.

[distance 10 well (ft)/flow velocity (ft/vears)] = travel ume (vears:

X3.7.2.1 In the case of a relatively light compound such
as benzene dissolved in ground water, the flow velocity may
best be equated with the ground water flow velocity. Heavier
compounds such as naphthalene may be retarded so that a
flow velocity lower than the ground water velocity mav be
used. If miscible liquids are present on the ground water
surface. such as gasoline, the liquid flow velocity may
actually exceed the ground water velocity.

X237 3 The use of more complex models 1s not precluded
i the RBCA process; however. given hmited data and
assurmpuions that must be made, many complex numencal
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models reduce to the analyucal expressions given in Table
X3.1.

X374 Ulqrauon Moadel Data Reguarements—Predictinve
mugration models require input of sne-spec;ﬁc characteris-
tics. Those most commonly required for vanous simplisuc
models include the following:

X3.7.4.1 Soil bulk density (for a tvpical soil: = 1.7 g em?).

X3.7.4.2 Towal soil porosity (for a tvprcal soil: ).38
cmirem?),
X3.7.4.3 Soil moisture content can be conservatively

esimated in many cases. It is approximately equal to the
total soil porosity beneath the water table, and typically
>0.05 ¢m3-H,0/cm*soil in the vadose zone; this can be a
criucal input parameter in the case of diffusion models and
may require site-specific determination unless conservative
values are used,

X3.7.4.4 Fraction organic matter in soil particles (=0.00d
— 0.01: sandy sotl is often conservatively assumed): this can
also be a critical parameter requiring site-specific determina-
tion unless conservative values are used),

X3.7.4.5 Hydraulic conductivity (generally site-specific
determination required),

X3.7.4.6 Ground water gradient and flow direction (re-
quires site-specific determination), and

X3.7.4.7 First-order -decay-rate (generally requires site-
specific calibration as models are very sensitive to this
parameter), see Tables X3.2 and X3.3 and Ref (41) for a
summary of measured values currently available from the
literature. The data in Table X3.3 include retardation and
dispersion as well as natural biodegradation in attenuation
rates mcasured. However, sensitivity studies indicate that
natural biodegradation is the dominant factor. The sensi-
tivity studies use Ref (42). According to these sensitivity
studies, an order of magnitude increase in natural biodegra-
dation rate is 3.5 times as effective as an order of magniude
increase in retardation and 12 times as effective as an order
of magnitude increase in dispersion in attenuating concen-
tration over distance. Therefore, approximately 80 % of the
attenuation shown in the Ref (41) data can be attributed to
natural biodegradation.

X3.7.4.8 A similar analysis of the sensitivity of attenua-
tion parameters for the vapor transport pathway aiso indi-
cates that natural biodegradation is the predominant attenu-
ation mechanism (43). Soil geology is not considered an
attenuation mechanism directly, but is a stronger determi-
nant of how far contamination travels than even natural
biodegradation. Gasoline contamination does not travel very
far in clay (less than 30 ft (9 m)) according to the vapor
transport model (43).

X3.7.5 Depending on the models selected, other informa-
tion may be required, such as meteorological information
(wind speed, precipitation, temperature), soil paricle size
distributions, and nearby building characteristics.

X3.7.6 In most cases, measurements of the attenuation
(decrease in concentrations) of compounds with distance
away from the contaminant source area will be required to
calibrate and verify the predictive capabilities of the selected
models. The amount of data required vanes depending on
the following:

X3.7.6.1 The model code used,

X3.7.6.2 The model's sensitivity to changes in inpu;
parameters, and

X3.7.6.3 The contnbution of the pathway of concern ¢
the 1otal incremental exposure and nsk.

X3.7.7 Generally, site-specific physical and chemicaj
properties for the most sensitive parameters are required tor
migration models to obtain accurate results, However. in-
stead of site-specific data. conservative values setected from
the literature may be used with appropnate cavuon.

3.7.8 Migration Modeling Procedure— The procedure for
applying a migration model includes the following steps
definition of study objectives, development of a conceptuai
model, selection of a computer code or algonthm. construc-
tion of the model. calibration of the mode! and performance
of sensitivity analysis, making predictive simulations. docu-
mentation of the modeling process. and performing a
postaudit. These steps are generally followed in order:
however, there is substantial overlap between steps. and
previous steps are often revisited as new concepls are
explored or as new data are obtained. The iterative modeling
approach may also require the reconceptualization of the
problem. The basic modeling steps are discussed as follows.

X3.7.8.1 Modeling Objectives—Modeling objectives must
first be identified (that is, the questions to be answered by the
modet). The objectives aid in determining the level of deail
and accuracy required in the model simulation. Complete
and detailed objectives would ideally be specified prior to
any modeling activities. Objectives may include interpreting
site characterization and monitoring data, predicting future
migration, determining corrective action requirements, or
predicting the effect of proposed corrective action measures.

X3.7.8.2 Conceptual Model—A conceptual model of a
subsurface contaminant release, such as a hvdrocarbon
release from an underground tank, is an interpretation or
working description of the characteristics and dynamics of
the physical system. The purpose of the conceptual model 1s
to consolidate site and regional data into a set of assumptions
and concepts that can be evaluated quantitatively. Develop-
ment of the conceptual model requires the collection and
analysis of physical data pertinent 10 the system under
investigation.

(1) The conceptual model identifies and describes impor-
tant aspects of the physical system, including the following:
geologic and hydrologic framework; media type (for ex-
ample, fractured or porous); physical and chemical pro-
cesses; and hydraulic, climatic, and vapor properties. The
conceptual model is described in more detail for ground
water flow systems in Guide D 5447,

{(2) Provide an analysis of data deficiencies and potenunal
sources of error with the conceptual model. The conceptual
model usually contains areas of uncertainty due to the lack
of field data. Identify these areas and their significance to the
conceptual model evaluated with respect to project objec-
tives.

X3.7.8.3 Computer Code Selection—Computer code se-
lection is the process of choosing the approprate software
algorithm, or other analysis technique, capable of simulating
the characteristics of the physical system, as identified in the
conceptual model. The types of codes generally used in the
RBCA process are analytical and numencal models. The
selected code should be appropriate to fit the available data

.
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and mcet the modeling objectives. The compuier code must
4lso be tested for the intended use and be well documented.

(1) Analvucal models are generally based on assumptions
of umiform properties and regular geometries. Advantages
include quick setup and execution. Disadvaniages include. in
manv cases, that analvtical models are so simplistic that
unportant aspects of a given svstern are neglected.

: 2% Numerical models allow for more complex heteroge-
nvous systems with distnibuted  properties and irregular
scometnes. Advantages include the Hexibiity to simulate
more complex physical systems and natural parameter
veriability. Disadvantages include that the approach s often
very uime-intensive and may require much more data and
.nformation to be collected.

{.3) Other factors may also be considered in the decision-
making process. such as the mode!l analyst’s experience and
those described as follows for model constructuon process.
tactors such as dimensionality will determine the capabilities
ol the computer code required for the model.

X3.7.8.4 Model Construction—Maodel construction is the
process of transforming the conceptual model into a mathe-
matical form. The model typically consists of two pans. the
duta set and the computer code. The model construction
process includes building the data set used by the computer
code. Fundamental components of a migration model are
dimensionality, discretization. boundary and initial condi-
nons, contaminant, and media properties.

X3.7.8.5 Model Calibration—Calibration of a model is
the process of adjusting input for which data are not
asaifable within reasonable ranges (o obtain a match between
observed and simulated values. The range over which model
parameters and boundarvy conditions may be varied is
Jdetermined by data presented in the conceptual model. In
the case where parameters are. well characterized by field
measurements, the range over which that parameter is varied
i the model should be consistent with the range observed in
the field. The degree of fit between model simulations and
lield measurements can be quantified using statistical tech-
niques.

(1) In practice, model calibration is frequently accom-
plished through trial-and-error adjustment of the model’s
imnput data to match field observations. The calibration
process continues until the degree of correspondence be-
tween the simulation and the physical svsiem is consistent
with the objectives of the project.

(2) Calibration of a model is evaluated through analysis of
residuals. A residual is the difference between the observed
aind simulated vanablé. Statistical tests and illustrations
siiowing the distribution of residuals are described for ground
water {low models in Guide D 5490.

31 Calibration of a model to a single set of field
muasurements does not guarantee a unique solution. To
minimize the hikelihood of nonuniqueness. the model should
b wested to a different set of boundary conditions or stresses.
This process s referred 1o as application verification. If there
i poor correspondence to a second set of ficld data, then
addinonal calibration or data collection are required. Suc-
cessiul vernification of an application results in a higher
degree of confidence in model predictions. A calibrated but
umenfied model may sull be used to perform predictive
stmulations when coupled with a sensius ity analysis.

s

X3.7.8.6 Sensutivity Analysis—Sensitiviiy anadivsis 15 a
quantitative method of determining the effect of parameter
variauon on model results. Two purposes of 4 seasitinats
analysis are (/) to quantify the uncertaints 1n the cahbrated
model caused by uncentainty in the estimates of parameters.
stresses. and boundary conditions. and {2) 1o idenuiy the
model inputs that have the most influence on mé&dcel
calibration and predictions.

(1) Sensiuvity of a mode! parameter is often expressed ds
the relative rate of change of a selected model calculation
during calibration with respect 10 that parameter If a small
change in the input parameter or boundary cond:l:on causes
a significant change in the output. the model is sensiuve to
that parameter or boundary condition.

(2) Whether a given change in the model calibration 1s
considered significant or insignificant is a matter of judg-
ment. However, changes in the model's conclusions are
usually able to be characterized objectively. For example. if a
model is used to determine whether a contaminant s
captured by a potable supply well. then the computed
concentration is either detectable or not at the location. If,
for some value of the input that is being varied. the model's
conclusions are changed but the change in model calibration
is insignificant, then the model results may be invalid
because, over the range of that parameter in which the model
can be considered calibrated, the conclusions of the model
change. More information regarding conducting a sensitivity
analysis for a ground water flow model application is
presented in Guide D 5611.

X3.7.8.7 Model Predictions—Qnce these steps have been
conducted, the model is used to satisfy the modeling
objectives. Predictive simulations should be documented
with appropriate illustrations, as necessary, in the model
report.

X3.8 Procedures for Risk, Exposure. and Dose-Response
Assessment Models:

X3.8.1 “Exposure models” are used to estimate the chem-
ical uptake, or dose, while “risk assessment models" are used
1o relate human health or ecological impacts to the uptake of
a chemical. Risk and exposure assessment models are often
combined to calculate a target exposure point concentration
of a compound in air, water, or soil.

X3.8.1.1 In the case of compounds that have been classi-
fied as carcinogens, exposure and risk assessment models are
generally linked by the expression:

risk = average lifetime intake [mg/kg-day}

X slope fuctor {[mgskg-day]™’
where the intake depends on exposure parameters (ingestion
rate, exposure duration, and so forth) and the concentration
at point-of-exposure. The slope factor (sometimes called the
“potency factor™) is itself based on 2 model and set of
underlying assumptions, which are discussed as follows.

X3.8.1.2 In the case of compounds that have not been
classified as carcinogens, exposure and rnisk assessment
models are generally linked by the expression:

huzard quotient =
average intake [mg/kg-day )/reference dose [mgskg-day )

where the intake depends on exposure parameters (ingestion
rate. exposure duration, and so forth) and the concentration
at point-of-exposure. The reference dose is 1self based on a
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model and set of underlving assumptions. which are dis-
cussed as follows.

X3.8.2 Toxicuty Assessment: Dose-Response Models—
Toxicity assessments use Jose-estimates of a “safe dose™ or
toxic level based on amimal studies. In some instances.
human eprdemiclogical information is available on a chem-
ical. Toxicologists generally make two assumptions about the
effects of nsk agents at the low concentrations tvpical of
environmental exposures:

X3.8.2.1 Thresholds exist for most biological effects: in
other words. for noncarcinogenic, nongenetic toxic effects.
there are doses below which no adverse effects are observed
in a populauon of exposed individuals, and

X3.83 2.2 No thresholds exist for genetic Jamage or wncre-
mental carcinogenic effects. Any level of exposure 0 the
genotoxic or carcinogenic risk agent corresponds to some
non-zero increase in the hikelihood of inducing genotoxic or
incremental carcinogenic effects.

X3.8.3 The first assumption is widely accepted in the
scientific community and is supported by empincal evi-
dence. The threshold value for a chemical is often called the
NOAEL. Scientists usually estimate NOAELs from animal
studies. An important value that typically results from a
NOAEL or LOAEL value is the RfD. A reference dose is an
estimate (with an uncenainty typically spanning an order of
magnitude) of a daily exposure (mg/kg/day) to the general
human population (including sensitive subgroups) that is
likely to be without an appreciable risk of deleterious effects
during a lifetime of exposure. The RfD value is derived from
the NOAEL or LOAEL by application of uncertainty factors
(UF) that reflect various types of data used to estimate RfDs
and an additional modifying factor (MF), which is based on
a professional judgment of the quality of the entire database
of the chemical. The oral RfD. for example, is calculated
from the following equation:

NOAEL

(UF x MF)

X3.8.4 The second assumption regarding no threshold
effects for genotoxic or carcinogenic agents is more contro-
versial but has been adopted by the USEPA. For genotoxic
and carcinogenic agents, extrapolations from high expen-
mental doses to low doses of environmental significance
require the use of mathematical models to general low
dose-response curves. It should be noted that although the
EPA uses the linear mulu-state model to describe incre-
mental carcinogenic effect, there is no general agreement in
the scientific community that this is the appropriate model
10 use.

X3.8.5 The critical factor determined from the dose-
response curve is the slope factor (SF), which is the slope of
the dose-response curve in the low-dose region. The units of
the slope factor are expressed as (mg/kg-day)™' and relate a
given environmental intake to the risk of additional inci-
dence of cancer above background.

X3.8.6 The RfD or SF values are generally obtained from
a standard set of reference 1ables (for example. Ref (2) or Ref
(3)). It 1s important to note that the information in [RIS has
typically only been peer-reviewed within the EPA and may
not always have support from the external scientific commu-
nity. Whereas the information in [RIS has been subject to
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agency-wide data quality review, the information n the
HEAST tables has not. The user is expected 10 consuit the
original assessment documents to appreciate the.strengths
and limitauons of the data in HEAST. Thus. care should be
exercised 1n using the values in HEAST. Some state and joca;
agencies have toxicity factors they have denved themselrves
or preferences for factors to use if neither IRIS ner HEAST
lists a value. Values for a range of hvdrocarbons tvpicaiv of
tnterest are presented in Table X3.1.

X3.8.7 It «s imponant te note that in extrapciatng b
informaton obtained in amimal studies 10 humans,
number ot conservative assumpuons are made.

X3.8.7.1 For noncarcinogens. an arbitrary svsiem .4 Je-
fault safety and unceraimy factors, as discussed t:in mcinnies
of ten). is used 10 convert observations, in ammais to
estimates in humans.

X3.8.7.2 For carcinogens. some of the most imporan:
assumpuons include: (/) the results of the most sensitnve
animal study are used to extrapolate to humans. () in
general, chemicals with any incremental carcinogenic ac-
tivity in animals are assumed to be potential human carcin-
ogens, and (J) no threshold exists for carcinogens.

X3.8.8 The uncertainty in the RfD and SF values are
often neglected in deference to single point values which are
then typically summarized in databases such as IRIS and
HEAST and assumptions described are risk management
policy decisions made by the USEPA. These assumptions are
not explicitly defined and further obscure the conservatism
in the safe dose estimate. Thus, care must be exercised in
interpreting results which have as a basis these conservative
toxicity evaluations.

X3.8.9 Exposure Assessment Modeling—The goal of ex-
posure assessment modeling is to estimate the chemical
uptake that occurs when a receptor is exposed to compounds
present in their environment. In principal, the process for
developing and using migration models presented in X3.7 is
directly applicable 1o exposure assessment modeling. In this
case the user:

X3.8.9.1 Develops a conceptual model by identifying
significant exposure pathways and receptors,

X3.8.9.2 Selects a model to describe the contact rate and
subsequent uptake of the chemical(s),

X3.8.9.3 Performs a sensitivity analysis to identify critical
parameters,

X3.8.9.4 Selects appropriate
(breathing rates, and so forth),

X3.8.9.5 Generates estimates of exposure and uptake. and

X3.8.9.6 Assesses the uncertainty in the estimates.

X3.8.10 There are differences between the process out-
lined in X3.7 and that which can be practically applied 10
exposure assessment modeling. For example, with the excep-
tion of exposures and impacts to environmental resources, it
is difficult to calibrate exposure assessment models uniess
very expensive epidemiological studies are conducted.

X3.8.11 Typically, the models used 1o estimate uptake are
simplistic algebraic expressions, such as those contained in
Ref (27). Application of these equations is illustrated in
Appendix X2.

X3.8.12 In many cases, exposure parameter values are
available in Ref (27), but other more recent information 15
also available in peer-reviewed publications, and all sources

exposure  parameters
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should be carefully reviewed. While point values are often
selected for simplicity, staustical distributions for many of
the exposure parameters are readilv available for Tier 3
analyses.

X3.8.13 Itis common for USEPA RME values to be used
in exposure assessment calculation. as is done for the
example Tier | Look-Up Table discussed in Appendix X2.
The RME value is generally defined as a statistical upper
limit of availabie data (generally 83 10 30 % of all values are
less than the RME value). Therefore. by consistently se-
lecting and muluplying conservative RME values the user
models a scenario that 1s very improbable and always more

conservative than the “true” RME exposure scenano. Thus.
greatl care must be exercised, when using combinanons of
these default values tn risk assessments. 10 avord a gross
overestimation of exposure for a specific site.

X3.9 Repori—The purpose of the model report is to com-
municate findings, to document the procedures and assump-
tions inherent in the study, and to provide detailed informa-
tion for peer review. The report should be a complete
document allowing reviewers and decision makers to formu-
late their own opinion as to the credibility of the model. The
report should descnibe all aspects of the modeling study
outlined in this appendix.

X4 INSTITUTIONAL CONTROLS

X4.1 [ntroduction:

X4.1.1 The purpose of this appendix is 1o provide a
review of generally used institutional controls. For purposes
of this appendix. “institutional controls™ are those controls
that can be used by responsible parties and regulatory
agencies tn remedial programs where. as a part of the
program, certain concentrations of the chemical(s) of con-
cern will remain on site in sotl or ground water, or both.
Reterenced in this appendix are examples of programs from
California,  Connecticut.  llinois,  Indiana, lowa,
Massachusetts. Michigan. Missouri. and New Jersey. In
addition. federal programs, such as Superfund settlements
and RCRA closure plans have used the following techniques
descnibed for some years as a mechanism to ensure that
exposure to remaining concentrations of chemical(s) of
concern is reduced to the degree necessary.

X4.1.2 The types of institutional controls discussed in this
appendix are as follows: '

X4.1.2.1 Deed restrictions. or restrictive cOvenants.

X4.1.2.2 Usc restrictions {including well restriction areas),

X4.1.2.3 Access controls,

X4.1.2.4 Notice. including record notice. actual notice,
and notice to government authorities.

X4.1.2.5 Registry act requirements.

X4.1.2.6 Transfer act requirements. and

X4.1.2.7 Contractual obligations.

X4.1.3 Insututional controls for environmental remedial
programs vary in both form und content. Agencies and
landowners can invoke various authorities and enforcement
mechanisms. both public and private, 10 implement any one
or a combination of the controls. For cxample, a state could
adopt a statutory mandate (see X4.2) requiring the use of
deed restricuons (see X4.3) as a way of enforcing use
restrictions (see X4.4) and posting signage (a type of access
contral, see X4.3). Thus. the insututional controls listed as
tollows are often used as overlapping strategies. and this blurs
the distinctions between them.

X4.2 Statwiory Mandates—Some states’ emergency re-
sponse programs mandate post-remediation institutional
controls and impose civil penalues for noncomphance. The
schemes vary from state to state. but all impose obligations
on landowners 10 use one or more institutional controls
fisted in this appendix.

Nd.3 Deed Restrictions

X4.3.1 Deed restrictions place limits and conditions on
the use and conveyance of land. They serve two purposes: (/)
informing prospective owners and tenants of the environ-
mental status of the property and (2) ensuring long-term
compliance with the institutional controls that are necessary
10 maintain the integrity of the remedial action over time.
Restraining the way someone can use their land runs counter
1o the basic assumptions of real estate law. so certain legal
rules must be satisfied in order to make a deed restriction
binding and enforceable.

X4.3.2 There are four requirements for a promise in a
deed restriction {also called a “restrictive covenant”) to be
held against current and subsequent landowners: (/) a
writing, (2) intention by both original panies that particular
restrictions be placed on the land in perpetity, (3) “pnvity
of estate.” and (4) that the restricuons “touch and concern
the land.”

X4.3.2.1 The first requirement is that of a writing. It is a
rule of law thai conveyances of land must be documented in
a writing. The same rule holds for deed restrictions affecting
land. Ideally. a deed restriction used as an institutional
control would be written down with particularity and then
recorded in the local land records office, in much the same
tashion as the documentation and recordation of a sale of
land. Parties may also encounter the requirement that the
deed restniction be executed “under seal.” a legal formality
that has been abandoned in most states.

X4.3.2.2 The second requirement is that the deed restric-
nion should precisely reflect what the parties’ intentions are
in regard to the scope and the duration of the restrictions.
Explicitly stating in the deed restnction that the parties
intend the restnction to “run with the land™ (that is. last
forever and bind subsequent owners) is strongly recom-
mended.

X4.3.2.3 The third requirement, privity of estate, arises
from a concern that only persons with a certain relationship
10 the land should be able 1o enforce a Jeed restriction. Nor-
mally. deed restrictions are promises toiween the buver and
the seller or between neighbors: therefc -2, the state or a third
party may not enforce a deed restricion. However. even in
states that require privity of estate, this concern is addressed
if the landowner took the land with knowledge that the
restrictions existed and might be enforced by these third
parties. Thus. 1t 1s also strongly recommended that the deed
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restriction exphicitly state that the state enviropmental au-
thority may enforce the restricuon. Recording of the deed
restriction serves as notice to anvone who later purchases or
acquires an interest in the land. Therefore. privity of estate
should not be a barrier 1o state enforcement of the deed
restriction if the proper steps are taken.

X4.3.2.4 Finally, a deed restriction is only enforceable 1f
the promuse “touches and concerns the land.™ A rough rule
of thumb to decide this point is whether the landowner's
legal interest in the land 1s decreased in value due to the deed
restricvion. I the land is devalued in this way. then the
restriction could be said to “touch and concern the iand. ™
Note that the focus of the inquiry is on the land 1seif.
promises that are personal in nature and merely concern
human activities that happen 1o take place on the land are
least likely 10 be enforceable. Thus, any deed restriction used
as an institutional control should be written so that it centers
on the land and the use of the land.

X4.3.3 Due to the potential enforcement hurdles encoun-
tered by a governmental agency in enforcing a deed restnic-
tion, it may be approprate for an individual stale to seek
statutory and regulatory amendments to ensure that such
authority exits in regard to all deed restrictions for environ-
mental purposes.

X4.3.4 Remedies for noncompliance with deed restric-
tions comes in two forms: (/) persons or agencies may sue to
obtain a court order (injunction) requiring compliance or (2)
if the state statute allows for it, the state's attorney general
can seck enforcement of civil penalties, such as fines, for
noncompliance.

X4.3.5 A state program can require a landowner 10
continue monitoring activities and to allow state environ-
mental officials access to the site to monitor compliance with
institutional controls. These arrangements may have to be
put in a deed restriction in order to run with the land {rom
owner 10 owner. but responsible parties can also be required
10 sign a contract making these promises. Of course, almost
every state has authority to issue administrative orders 1o
accomplish some or all of these arrangements.

X4.3.6 The preceding arrangements can also set out

. procedures that will be followed if some emergency requires
that the remediation site be disturbed. If, for example,
underground utility lines must be repaired. the landowner
would follow this protocol for handling the soil and alerting
the state authority.

X4.4 Use Restrictions:

X4.4.1 Use restrictions are usually the heart of what is in
a deed resiriction. Use restrictions describe appropriate and
inappropriate uses of the property in an effort to perpetuate
the benefits of the remedial action and ensure property use
that is consistent with the applicable cleanup standard. Such
techniques also prohibit any person from making any use of
the site in a manner that creates an unacceptable risk of
human or environmental exposure to the residual concentra-
tions of chemical(s) of concern.

X4.4.2 Use restrictions address uses that may disturb a
containment cap or any unremediated soils under the surface
or below a building. A prohibition on drinking on-site (or
off-site by means of well restriction areas discussed as
follows) ground water may also be appropriate.

X4.4.3 As an example, a program may allow a restnction
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of record to include one or more of the following:

X4.4.3.1 Restriction on property use:

X4.4.32 Conditioning the change of use from nonres-
dential on compliance with all applicable cleanup standards
for a residential property;

X4.4.3.3 Restricting access: or

X4.4.3.4 Resincung disturbance of department-approved
remedial effects.

X4.4.4 Well restriction areas can be a form of insuru-
tional control by providing notice of the ewustence of
chemical(s) of concern in ground water. and by prohibiting
or conditioning the construction of wells 1n that area.

X4.4.4.1 This technique preserves the integnty of ain-
ground water remedial action by prohibiting or conditioning
the placement and use of any or all types of wells within the
area.

X4.4.4.2 Well restrictions of this nature would be subjet
10 agency approval and public notice. and may include the
restriction on constructing or locating any wells within a
particular designated area. Notice of the well restnction 15
recorded on the land records and with various health officizals
and municipal officials. The restrictions can only be released
upon a showing that the concentrations of the chemical(s) of
concern in the well restriction area is remediated 1n accor-
dance with state standards.

X4.5 Access Controls:

X4.5.1 Another subset of institutional controls is the
control of access to any particular site. The state uses the
following criteria to determine the appropriate level and
means of access control:

X4.5.1.1 Whether the site is located in a residenual or
mixed use neighborhood;

X4.5.1.2 Proximity to sensitive land-use areas including
day-care centers, playgrounds, and schools; and

X4.5.1.3 Whether the site i1s frequenty traversed by
neighbors.

X4.5.2 Access can be controlled by any of the following:
fencing and gates, security, or postings or warnings.

X4.6 Notice—Regulations of this type generally provide
notice of specific location of chemical(s) of concern on the
site, and disclose any restrictions on access, use, and devel-
opment of part or all of the contaminated site to preserve the
integrity of the remedial action.

X4.6.2 Record Notice:

X4.6.2.1 Some states require that sites having releases of
hazardous waste file a notice on the land records providing to
any subsequent purchaser of the property information re-
garding the past or current activities on the site.

X4.6.2.2 The record notice requirement may be broad:
the program may require any property subject 1o a response
action to obtain a professional opinion and then prepare and
record a Grant of Environmental Restriction that is sup-
ported by that opinion.

X4.6.2.3 The record notice requirement can be ancillary
to a transfer act {see X4.8), in which case recording of an
environmental statement is only required in conjuncuon
with a land transaction.

X4.6.3 Actual Notice:

X4.6.3.1 States may require direct nouice of environ-
mental information to other parties to a land transaction.
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These laws protect potential buyers and tenants, and they
also help ensure that use restrictions and other institutional
controls are perpetuated.

X4.6.3.2 Actual notice of an enmvironmental defect or
fatlure to provide notice may give a pany the nght to cancel
the transaction and result in civil penalues. For example.
landlords and sellers who do not give nouce as required by
the state may be hiable for actual damages plus fines.
Nonresidential tenants who tail 10 noufy landowners of
suspected or actual hazardous subsiance releases can have
their leases canceled and are subject i0 fines.

X4.6.4 Notice 1o Government luihorines—Parties to a
tand transaction may also be required 1o file the environ-
mental statement with various environmental authorities.
Notice to the government may be required before the
transaction takes place.

XA 7 Registry Act Requirements:

X4.7.1 Some states have regisiry act programs that pro-
vide for the maintenance of a registry of hazardous waste
disposal sites and the restriction of the use and transfer of
listed sites.

X4.7.2 A typical registry act provides that the slate
environmental agency establish and maintain a registry of ail
real property which has been used for hazardous substance
disposal cither illegally or before regulation of hazardous
waste disposal began in that state.

X4.7.3 The state agency is responsible for investigating
potential sites for inclusion on the registry. The registry
includes the location of the site and a lisung of the hazardous
wastes on the property, and may also include a classification
of the level of health or environmental danger presented by
the conditions on the properiv. The state agency may be
required 1o perform detailed inspecuions of the site 1o
determine its priority relative 1o other registered sites.

X4.7.4 Owners of sites proposed for inclusion on the
registry have rights of hearing and appeal. and owners of sites
on the registry have rights 1o modify or terminate their
listing. In some cases, the owner of a site proposed for
inclusion on the registry may obtain the withdrawal of the
proposed registration by entering 1nlo a consent agreement
with the state. Such a consent agreement cstablishes a
timetable and responsibility for remedial action.

X4.7.5 When a site appears on the state registry. the
owner must comply with regulatory requirements in regard
10 usc and transfer of the site. The use of a site listed on the
registry may not be changed without permission of the state
ageney. In negotiations for a conveyance of a registered site.
the owner may be obligated 1o disclose the registration early
1 the process. and permission of the state ugency may be
requued 1o convey a registered propenty. Under other
schemes. permission to convey is not required, but the seller
must notify the state agency of the transaction. ’

X4.7.6 Finally, registry acts require that the listing of a
property on a hazardous materials site registry be recorded in
the records of the appropriate focality so that the registration
will appear in the chain of utle.

X4.8 Transfer Act Requirements.

X4.8.1 Some states have transfer act programs that re-
quire full evaluation of all environmental issues before or
after the transter occurs. 1t may be that wathin such program.
institutional controls can be established by way of consent
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order. administrative order, or some other technique that
establishes implementation and continued responsibility for
institutional controls.

X4.8.2 A ypical transfer act imposes obhgations and
confers rights on parties to a land transaction ansing out of
the environmental status of the properiv 10 be conveved
Transfer acts impose information obliganions on the seller or
lessor of a property {see X4.6.3). That party must disclose
general information about strict hability for cleanup costs as
well as property-specific information. such as presence of
hazardous substances, permitling requirements and siatus,
releases. and enforcement actions and ~ar:ances.

X4.8.3 Compliance with transfer act obligations in the
manner prescribed is crucial for ensunng a successful con-
vevance. Sometimes the transfer act operales to render a
transaction voidable before the transter occurs. Falurd o
give notice in the required form and within the ume penod
required or the revelation of an environmental violation or
unremediated condition will relieve the transferee und the
lender of any obligation to close the transacuon. even if a
contract has already been executed. Moreover. violation of
the transfer act can be the basis for a lawsuil to recover
consequential damages.

X4.9 Contractual Obligations:

X4.9.1 One system for ensuring the future restriction on
use of a site, or the obligation to remediate a site. is to require
private parties to restrict use by contract. While this method
1s often negotiated among private parties. it will be difficult.
if not impossible, 1o institutionalize some control over that
process without interfering with the abiliues and nghts of
private parties to {reely negotiate these liabilities.

X4.9.2 Another avenue is for the landowner or respon-
sible party to obligate itself to the state by contraci. The state
may require a contractual commitment from the party 1o
provide long-term monitoring of the site. use restrictions.
and means of continued funding for remediation.

X4.10 Continued Financial Responsibility—Another as-
pect of institutional controls is the establishment of financial
mechanisms by which a responsible party ensures continued
funding of remediation measures and assurance to the
satisfaction of the state.

X4.11 References:

X4.11.1 The following references serve as examples and
are current as of the fourth quarter of 1993:

X4.11.1.1 References for Deed Restrictions:

24 New Jersey Regulations 200 (1992) (New Jersey Admunistration Code 3

7.26D-8.2 (e} 121}

24 New Jersey Regulations 400-02 {1992) (New Jersey Admunustration Code 83
T 26D-3 1-8.4)

23 New Jersey Regulations 01 (1992) (New Jersey Admumisiration Code 3
726D Appendix A, Model Document. Declaration of Environmental
Resincuons and Grant of Ease ment, ltem 8)

inows Responsible Property Transfer Act § 7(c} (1985)

Massachusetts Regulations Code Title §40.107H( (1) & tk)

Massachusetts Regulations Code, Title §40.1074%)

AMichigan Adminisiration Code 299.5719 (31 (e} (1990}
Michigan Rules 299.5719 (21 (3} {d)

X4.11.1.2 References for Use Restrictions.

23 New Jersey Regulations 400 (New Jersey Administration Code § 7 26D-8 2
tdn

Michigan Admimistranon Code 299.5719 (31 (al. (b). (g)

New Jersey Regulation 7.260-8.4

X4.11.1.3 References for Access Conirols:



ﬂTI’M
li
fowa Adminsirauen Code r 3334 2001h)
Miclugan Rule 299 3719.,3:.0
ew Jersey Regulavions 3 7 26038 2

X4 11.1.4 References for Nouce:

Caiforma Heaith ano Safers Code y 28389 741981

iHinois Responsible Propeny Transfer Act 11985

indiana Code 341 3-7-22 5122 1198Y) ("Indiana Essaenmental Huzardous
Disclosure and Responsible Panty Vranster Law™

\Massachusctis Reguiations Code Tule A0 10T 080 199

\Michigan Ruie 199 57

CRRTER

N4.11.1.3 Reterences or Registry Aot Regiurements
fowa Code Ann 32 4583 4263338 432 458B Aty
Stivsoun Code Regeigions Trie 10,38 2810 050, 2323 I
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X444 1.6 Reierences ror Transier Ad Requiremeny,

Connecucut General Stat. §22a-134 ef ¥

llhinois Responsible Property Transier Act 11935)

Indiana Cade 3§ 13-7-22.8-1-22 (1989) iIndiana Environmenta: Hazardvus
Disctosure and Responsible Pany Transier Law™)

Sew Jersey Senate Bill Noo 1070. the Indusinal Sue Reco e Al
the environmental cleanup Responsibility Act, N J S a TR -

New Jersey Spill Compensation and Control Agt, NJS A R 023

X4 1117 Reterence for Contractual Obligationy
Michigan Rule 299 5719 ¢2y

imendong

X4.11.1.8 Reference ‘ur Continued Financiai Respons:-
bility-

Michigan Rule 299 271y ()

N3. EXAMPLE APPLICATIONS OF RISK-BASED CORRECTIVE ACTION

X351 huroduciion—The following examples illustrate the
use of RBCA at petroleum release sites. The examples are
hypothetical and have been simplified in order to illustrate
that RBCA leads io reasonable and protecuve decisions:
nevertheless, they do reflect conditions commonly encoun-
tered in practice.

X5.2 Example |—Corrective Action Based on Tier |
Risk-Based Screening Levels:

X5.2.1 Scenario—A  release  from the underground
storage tank (UST), piping, and dispenser sysiem at a service
station is discovered during a real estate divestment assess-
ment. It is known that there are petroleum-impacted surficial
soils in the area of the tank fill ports: however. the extent to
which the soils are impacted is unknown. In the past, both
gasoline and diesel have been sold ai the facility. The new
owner plans to continue operating the service station facility.

X5.2.2 Site 4ssessmeni—The responsible party completes
an initial site assessment focussed on potential source areas
{for example, tanks. lines. dispensers) and receptors. Based
on historical knowledge that gasoline and diesel have been
dispensed at this facility, chemical analyses of soil and
ground water are limited 1o benzene, toluene. ethylbenzene,
xylenes, and naphthalene. Site assessment results are sum-
marized as follows:

X5.2.2.1 Field screening instruments and laboratory anal-
vses indicate that the extent of petroleum-impacted soils is
confined to the vicinity of the fill ports for the tanks. A tank
and line test reveals no leaks: therefore, evidence suggests
that soils are impacted due to spills and overfills associated
with filling the storage tank,

X5.2.2.2 The current tanks and piping were installed five
years ago,

X5.2.2.3 The concrete driveway is highly fractured.

XS5.2.2.4 No other sources are present,

X5.2.2.5 The site is underlain by layers of fine to silty
sands,

X5.2.2.6 Ground water, which is first encountered at 32 ft
(9.7 m) below ground surface, is not impacted,

X5.2.2.7 Maximum depth at which hydrocarbons are
detected is 13 ft (3.9 m). Maximum detected soil concentra-
tions are as follows:

Depth Concentration,
Compound Below Ground Surface. mg/kg
ft(m)
Benzene 3 2.4 10
Ethylbenzene 2 0 4
Toluene 65(1Y) 55
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Xyiencs TR gn k3]
Naphthalene 2 06 T

water wells are Jocated within 900 ft (273.6 m) of the source
area. One well is located 500 ft (152.4 m) hydraulically
down-gradient from the impacted soil zone. the other well is
hydraulically up-gradient. Both wells produce water from the
first encountered ground water zone.

X5.2.3 Site Classification and [nitial Response Action—
Based on classification scenanos given in Table I, this site is
classified as a Class 3 site because conditions are such that, at
worst, it is a long-term threat to human health and environ-
mental resources. The appropnate initial response is 1o
evaluate the need for a ground water monitoring program.
At most, this would consist of a single well located immedi-
ately down-gradient of the impacted petroleum soils. The
responsible party recommends defermng the decision 1o
install a ground water monitoring system unti} the Tier 1
evaluation is complete. and justifies this recommendation
based on no detected ground water impact, the limited
extent of impacted soils, and the separation between im-
pacted soils and first-encountered ground water. The regula-
tory agency concurs with this decision.

XS5.2.4 Development of Tier 1 Look-Up Table of Risk-
Based Screening Level (RBSL)—Assumptions used to derive
example Tier | RBSL Look-Up Table X2.1 in Appendix X2
are reviewed and presumed valid for this site. A comparison
of RBSLs for both pathways of concern indicates that RBSLs
associated with the leaching pathway are the most restrictive
of the two. As this aquifer is currently being used as a
drinking water supply, RBSL values based on meeting
drinking water MCLs are selected. In the case of naphtha-
lene, for which there is no MCL, the RBSL value corre-
sponding to a residential scenario and a hazard quotient of
unity is used.

X5.2.5 Exposure Pathway Evaluation—Based on current
and projected future use, the only two potential complete
exposure pathways at this site are: (/) the inhalation of-
ambient vapors by on-site workers, or (2) the leaching to
ground water, ground water transport to the down-gradient
drinking-water well, and ingestion of ground water (see Fig.
X5.1).

X5.2.6 Comparison of Site Conditions With Tier |
RBSLs—Based on the data given in X5.2.3.7 and the RBSLs
given in Look-Up Table X2.1 in Appendix X2, exceedences
of Tier | RBSLs are noted only for benzene and toluene.
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Example 1—Exposure Evaluation Flowchart

FIG. X5.1
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X5.2.7 Evaluaiton of Tier | Resulis—The responsible
panty decides 10 devise a corrective action plan to meet Tier
| standards after considering the following factors:

X35.2.7.1 The shallow aquifer is not vet atfected.

X5.2.7.2 Quick (relative to rate of chemical migrauon)
removal of the source will eliminate the need for ground
water monitoring,

X3.2.7.3 The new owner plans to install new tanks within
six months,

X35.2.7.4 Limuted excavation of soils o meet Tier |
cnteria could be performed quickly and inexpensively when
the tanks are removed, relative 1o the cost ol proceeding 10 a
Tier 2 analysis. and

X3.2.7.5 An excavauon proposal will facihiate the real
estate deal.

X5.2.8 Tier 1 Remedial Action Evaluation—Excavate all
impacted soils with concentrations above the Tier 1 RBSLs
when the current tanks are replaced. Subsequently resurface
the area with new concrete pavement 1o reduce future
infiltration and leaching potential through any remaining
impacted soils. It is agreed that ground water monitoring is
not nccessary and the governing regulatory agency agrees 10
issuc a No Further Action and Closure letter following
implementation of the corrective action plan.

XS.3 FExample 2—RBC.A Based on Tier 2 Evaluation:

X5.3.1 Scenurio—During the installation of new double-
contained product transfer lines, petroleum-impacted soils
are discovered in the vicinity of a gasoline dispenser at a
service station located close to downtown Metropolis. In the
past. both gaseline and dicsel have been sold at this facility.
which has been operaung as a service station for more than
twenty vears.

X5.3.2 Site Assessmeni—The owner completes an initial
site assessment focussed on potential source areas (for
example, tanks, lines, dispensers) and receptors. Based on
historical knowledge that gasoline and diesel have been
dispensed at this facility, chemical analyses of soil and
ground water are limited to benzene, toluene, ethylbenzene,
xylenes, and naphthalene. Results of the site investigation are
as follows:

X5.3.2.1 The extent of petroleum-impacted soils is con-
fined to the vicinity of the tanks and dispensers. A recent
tank and line test revealed no leaks; therefore. evidence
suggests that the releases occurred sometime in the past,

X5.3.2.2 The current tanks, lines, and dispensers were
installed three years ago,

X5.3.2.3 The asphalt driveway is competent and not
cracked,.

X3.3.2.4 Another service station is located hydraulically
Jdown gradient, diagonally across the intersection.

X5.3.2.5 The site is underlain by silty sands with a few
thin discontinuous clay layers,

X5.3.2.6 Ground water, which is first encountered at 32 ft
(9.7 m) below ground surface, is impacted, with highest
dissolved concentrations observed beneath the suspected
source areas. Dissolved concentrations decrease in all direc-
tions away from the source areas, and ground water samples
taken hydraulically down gradient from a well located in the
center divider of the street (about 100 fi (30.4 m) from the
source area) do not contain any detectable levels of dissolved
hydrocarbons,

43

X$.3.2.7 Ground water flow gradient is ven shaiiow

a0l
ground water {low velocities are al most tens of feet per wear.
X5.3.2.8 Ground water vield from this aquiler 4s 2su-

mated 1o be in excess of 5 gal/min (18.9 L/mun). and totai
dissolved solids levels are less than 700 mg/L. Based on this
information. this aquifer is considered 10 be a potentiai
dnnking water supply.

X5.3.2.9 A shallow soil gas survey indicates :hat no
detectable levels of hydrocarbon vapors are iound in the
utibity easement running along the southem border ot the
property. or in soils surrounding the service station xiosk.

X3 3.2.10 Impacted scils extend down 10 the first encoun-
tered ground water. Maximum concentrations in
soil and ground water are as follows:

1312 ra

detecied

Compound Soil, mg/kg Groung =aier. mg L
Benzene 20 2
Ethylbenzene 4 c:

Toluene 120 s

Xylenes 100 iRV
Napthalene 2 g U3

X35.3.2.11 A receptor survey indicates that no domestic
water wells are located within one-half mile of the site;
however, there is an older residential neighborhood located
1200 ft (365.7 m) hydraulically down gradient of the site.
Land use in the immediate vicinity is light commercial (for
example. strip malls). The site is bordered by two streets and
a strip mall parking lot.

X5.3.3 Site Classification and Initial Response Action—
Based on classification scenarios given in Table 1, this site is
classified as a Class 3 site because conditions are such that, at
worst, 1t is a long-term threat to human health and environ-
menial resources. The appropnate initial response is (o
evaluate the need for a ground water monitoring program.
The owner proposes that the ground water monitoring well
located hydraulically down gradient in the street divider be
used as a sentinel well, and be sampled vearly. The regula-
tory agency concurs, provided that the well be sampled every
six months.

X35.3.4 Development of Tier 1 Look-Up Table uf Risk-
Bused Screening Level (RBSL) Selection—Assumptions used
to derive example Tier | RBSL Look-Up Table X2.1 in
Appendix X2 are reviewed and presumed valid for this site.
Due to the very low probability of the exposure pathway
actually being completed in the future, MCLs are not used
and the site owner is able to negotiate Tier | RBSLs based on
a 1073 risk to human health for carcinogens and hazard
quotients equal to unity for the noncarcinogens (based on
ground water ingestion).

X3.3.5 Exposure Pathway Evaluation—Based on current
and projected future use, and the soil gas survey resuits, there
are no potential complete exposure pathways at this site. The
down gradient residential neighborhood is connected 10 a
public water supply system, and there is no local use of the
impacted aquifer. However, being concerned about future
uncontrolled use of the aquifer, the regulatory agency
requests that the owner evaluate the ground water transport
to residential drinking water ingestion pathway, recognizing
that there is a low potential for this 1o occur (see Fig. X52).

X5.3.6 Comparison of Site Conditions With Tier | RBSLs
~—Based on the data given in X5.3.2.10 and the RBSLs
given in example Look-Up Table X2.1 in Appendix X2,
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FIG. X5.2 Example 2—Exposure Evaluation Flowchart
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exceedences of Tier | soil and ground water RBSLs are noted
oaly for benzene.

X35.3.7 Evaluation of Tier | Results—The responsible
pantv decides 10 proceed to a Tier 2 evaluauon for benzene
and the pathway of concern, rather than devise a corrective
action plan 1o meet Tier | siandards afier considenng the
following factors:

X5.3.7.1 The shallow aquifer is impacted. but the dis-
solved plume appears 10 be stable and ground water move-
ment (s very siow.

X3.3.7.2 Excavaton of sous 10 meet Tier : cntena would
be expensive. due 1o the depth of impacted soils. Excavation
would shut down the facility. and require ali tanks and new
iines 10 be removed and reinstalled.

X5.3.7.3 Costs for applicauion of other convenuonal treat-
ment methods, such as vapor extracuion and pump and treat,
are estimated to exceed $300 000 over the life of the
remediation, and

X5.3.7.4 A tier 2 analysis for this site is estimated to
require minimal additional data, and 1s anticipated 1o result
in equally protective, but less costly corrective action.

X5.3.8 Tier 2 Evaluation—The owner collects additional
ground water monitoring data and verifies that:

X5.3.8.1 No mobile free-phase product is present,

X5.3.8.2 The dissolved plume is stable and ground water
concentrations appear 10 be decreasing with time,

X5.3.8.3 Extent of the dissolved plume is limited 10
within 50 ft (15.2 m) of the property boundanes,

X5.3.8.4 Dissolved oxygen concentrations are higher out-
side of the dissolved plume, indicating some level of aerobic
biodegradation,

X5.3.8.5 Ground water movement is less than 50 ft/year
(15.2 m), and

X5.3.8.6 Simple ground water transport modeling indi-
cates that observations are consistent with expectations for
the site conditions.

X5.3.9 Remedial Activn Evaluaiion—Based on the dem-
onstration of dissolved plume atienuation with distance. the
owner negotiates a corrective action plan based on the
following: (/) compliance with the Tier | RBSLs at the
monitoring well located in the street center divider. provided
that decd restrictions are enacted to prevent the use of
ground water within that zone until dissolved levels decrease
below drinking water MCLs, (2) deed restrictions are enacted
lo ensure that site land use will not change significantly, (3)
continued sampling of the sentinel/compliance ground water
monitoring well on a yearly basis. (4) should levels exceed
Tier I RBSLs at that point for any time in the future, the
corrective action plan will have 1o be revised. and (J) closure
will be granted il dissolved conditions remain stable or
decrease for the next two vears.

X5.4 Example 3—RBCA With Emergency Response and
In Situ Remediation:

X5.4.1 Scenario—A 5 000-gal (18 925-L) release of super
unleaded gasoline occurs from a single-wailed tank after
repeated manual gaging with a gage stick. Soils are sandy at
this site. ground water is shallow. and free-product is
observed in a nearby monitoring well within 24 h. The site is
located next to an apartment building that has a basement
where coin-operated washers and dryers are located for use
by the tenants.

435

X3.4.2 Sue Assessment—[n this case the intial siie assess-
ment 15 conducted rapidly and 1s focussed towards ident;-
fving if immediately hazardous conditions exist. It ;s known
from local geological assessments that the first encodntered
ground water is not potable, as it 1s only about 2 1106 m:
thick and is perched on a clay aquuard. Ground water
monitoring wells 1n the area (from previous assessmen
work) are periodically inspected for the appearance of
floating product, and ‘apor concentrations in ke on-site
suhity corndors are analyzed with an expiosimeter While
this flurry of acuivity begins. a tenant of ide apariment
building next door informs the station operator that her
laundry room/basement has a strong zaschine  odor
Explosimeter readings indicate vapor concentratons are stll
fower than explosive levels. but the investigation team notes
that “strong gasoline odors™ are present.

X5.4.3 Site Classification and {miial Rexponse Adion—
This limited information s sufTicient 1o classiiy this site as a
Class 2 site {strong potential for condiions 1o escalate 10
immediately hazardous conditions in the shor term), based
on the observed vapor concentrations. size of the release. and
geological conditions. The initial response implemented s as
follows:

X5.4.3.1 Periodic monitoring of the apariment basement
begins 1o ensure that levels do not increase to the point
where evacuation is necessary (either due to explosion or
acute health effects). In addition. the fire marshall is notified
and building tenants are informed of the activities at the site,
potential hazards, and abatement measures being imple-
mented,

X54.3.2 A free-product recovery/hvdraulic control
systemn is installed to prevent further migration of the maobile
liquid pasoline. and

X5.4.3.3 A subsurface vapor extraction system is installed
1o prevent vapor intrusion to the building.

X5.4.4 Development of Tier I Look-Up Table of Risk-
Based Screening Level (RBSL) Selection—Assumptions used
to derive example Tier { RBSL Look-Up Table X2.} in
Appendix X2 are reviewed and presumed valid for this site.
Target soil and ground water concentrations are determined
based on the vapor intrusion scenario. After considering
health-based, OSHA PEL, national ambient background.
and aesthetic vapor concentrations, target soil levels are
based on achieving a 107 chronic inhalation risk for
benzene, and hazard quotients of unity for all other com-
pounds. The agency agrees 10 base compliance on the
volatile monoaromatic compounds in gasoline (benzene.
toluene, xylenes, and ethylbenzene), but reserves the nght to
alter the target levels if aesthetic effects persist in the building
basement at the negot.ated levels.

X5.4.5 Exposure Pathway Evaluation—Given that: (/)
there is a very low potential for ground water usage, (2) a 20-
ft (6.1-m) thick aquitard separates the upper perched water
from any potential drinking water supplies. and (J) the close
proximity of the apartment building, the owner proposes
focusing on the vapor intrusion—residential inhalation- sce-
nario (see Fig. X5.3). The agency concurs. but in order to
eliminate potential ground water users as receptors of
concern, requests that a down-gradient piezometer be in-
stalled in the lower aquifer. The owner concurs.

X5.4.6 Comparisan of Sue Conditions With Tier ]
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FIG. X5.3 Example 3—Exposure Evaluation Flowchart
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RBSLs—While a complete imual site investigaton has yet to
be conducted. all parties agree that currently the RBSLs are
likely 10 be exceeded.

X5.4.7 Evaluation of Tier | Results—The owner decides
to implement an interim corrective action plan based on Tier
! RBSLs. but reserves the nght to propose a Tier 2
evaluation in the future.

X5.4.8 Tier | Remedial Action Evaluation—The owner
proposes expanding the vapor extraction system (o remediaie
source area sauls. In addition he proposes continuing 10
operate the {ree-product recovery/hydraulic control system
unul product recovery ceases. Monitoring of the piezometer
placed in the lower aquifer will continue. as well as periodic
monitonng 0i ihe apanment building basement. Additional
assessments wiil be conducted to ensure that building vapors
are not the result of other sources. After some period of
operation, when hydrocarbon removal rates decline, a soil
and ground water assessment plan will be instituted to collect
data to support a Tier 2 evaluation.

X5.5 Lxample 4—RBCA Bused on Use of a Tier 2 Table
Evaluation—In circumstances where site-specific data are
similar among several sites, a table of Tier 2 SSTL values can
be created. The following example uses such a table.

X5.5.} Scenariv—Petroleum-impacted ground water is
discovered In monitoring wells at a former service station.
The underground tanks and piping were removed, and the
site is now occupied by an auto repair shop.

X5.5.2 Site Assessment—The responsible party completes
an initial site assessment 1o determine the extent of hydro-
carbon-impacted soil and ground water. Because gasoline
was the only fuel dispensed at the site, the assessment
focussed on benzene, toluene, ethylene benzene, and xylenes
(BTEX) as the chemicals of concern. Site assessment results
are summarized as follows:

X5.5.2.1 The area of hydrocarbon-impacted soil is ap-
proximately 18 000 fi* (1672 m?) and the depth of soil
impaction is less than 5 ft (1.5 m); The plume is off site,

X5.5.2.2 The site is covered by asphalt or concrete,

X5.5.2.3 The site is underlain by clay,

X5.5.2.4 Hydrocarbon-impacted perched ground water is
encountered at | to 3 ft (0.3 to 0.9 m) below grade. This
water is non-potable. The first potable aquifer is located over

TABLE X5.1

100 ft (30 m) below grade and is not impacted. There is no
free product,

X5.5.2.5 Maximum detected concentrations are. as foi-
lows:

Compound Sout. Ground water.
mg/kg mg/ L
Benzene 39 12
Toluene is 10
Ethyibenzene 12 0s
Xylenes 140 30

X5.5.2.6 Ground water velocity is 0.008 fi/day (0.0024
m/day) based on slug tests and ground water elevauon
survey and assumed soil porosity of 30 %,

X5.5.2.7 A receptor survey indicates that the nearest
down gradient water well is greater than 1.0 mile (1.6 kxm)
away and the nearest surface water body 1s 0.5 miles (0.8
km). The distance to the nearest sensitive habitat is greater
than 1.0 mile: however, there is a forest preserve frequented
by day hikers and picnickers next to the site. The nearest
home is' 1000 ft (305 m) away. The commercial building on
site 1s 25 ft (7.6 m) from the area of hydrocarbon-impacted
soil.

X5.5.3 Site Classification and Initial Response Action—
Based on the classification scenarios given in Table |, this
site is classified as a Class 4 site, with no demonstrable
long-term threat 10 human health, safety, or sensitive envi-
ronmental receptors, because the hydrocarbon-impacted
soils are covered by asphalt or concrete and cannot be
contacted, only non-potable perched water with no existing
local use is impacted, and there is no potenual for explosive
levels or concentrations that could cause acute effects in
nearby buildings. The appropnate initial response is 1o
evaluate the need for a ground water monitoring program.

X5.5.4 Development of Tier | Look-Up Table of Risked-
Based Screening Level (RBSL)—The assurnptions used to
derive the example Tier | RBSL Look-Up Table are pre-
sumed valid for this site.

X5.5.5 Exposure Pathway Evaluation—The complete
pathways are ground water and soil volatilization to enclosed
spaces and to ambient air, and direct exposure to impacted
soil or ground water by construction workers. A comparison
of RBSLs for these pathways of concern indicates that

Example 1—Site Classification and Initial Response Actions

Cntena and Prescnbed Scenarios

Exampie initial Responsa Actions

3. Long-term (>2 years) threat 1o human health, safety, or sensitive
snvironmental receplors

.

the depth between impacted sods and the first potable aquifer is
less than 50 ft (15 m).

from the ympacted nlerval are located >2 years ground water
travei ume from the dissolved plume.
Ground water is impacted, and non-potable water supply wells

Subsuriace sois (>3 ft (0.9 m) BGS) are signuficantly impacted, and

Notity appropnate authonties, property owners, and potentially affected parties.

Ground water is impacted, and potable water supply weils producing

producing from the impacted interval are iocated >2 years ground

water traved time from the gdissolved plume.

Ground water 1s impacted. and non-potabie water supply weils that
Qo not produce Irom the impacted interval are located wathin the
known extent of chemicals) of concem.

Impactied surface water. Storm water. or ground water discharges

within 1500 H (457 m) of a sensiive habitat or surface water body

used for human dnnking water or contact recreation.

Shatiow contarminated surface sods are open 10 pubiic access. and
owellings, parks, playgrounds. gay-care centers, schodls, of
similar-use laciities are more than 500 ft (152 mj of those sauls.

and evaluate the need 10

[ ] Moaqitor ground water and determune the potental lor tuture
migration of the chemicaks) of concem 1o the aquifer.

[} Mornutor the dissotved pluma and evaluate the potential for natural
attenuation and the need for hygraubc control.

[ ] ldenuty water usage of well. assess the effect of polential impact,
monitor the dissoived plume, arx! evaluate whether natural
attenuation or hydraulic control are appropaale control measures

® Monitor the dissolved piume, determine the potential for vertical
migration, notify the user, and dgetermine il any wmpact 15 ikely

[} tnvestgate current IMpact on sensitive habitat or surface water
body. restnct access (0 ares of discharge (i necessary). ang
evaluate the need for containment/control measures.

[ ) Restnct access o wmpact sads.

47
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TABLE X5.2 Example 2—Site Classification and Initial Response Actions

Cntena ang Prescrnibed Scenanos

Exampie imtial Response Actions

3 Long-term (>2 years) threat 10 numan heaith, salety. or sensiive environmental
receptors

® Subsurface soils (>3 1:0 3 m} BGS) are sigmificantly s/mpacted. and
the deptn between mpacied soUs and the first potable aquifer s
less than 50 18 my

[ ] Groung water s wmgacied. and polable water supply wells producing
tfeom the impaciec nierval are localed >2 years grouna water
rravel ume from ne Cisscived plume.

[ Ground water 1S ¥migacied. and non-potable water supply wells
producing from the smpacled nterval are iocated >2 years ground
water travel ume rom ihe dissolved plume.

[ Ground water 1s impacted. and non-potabie water supply wells that
do not produce trom the impacted interval are located within the
known extent o! chemical(s) of concern.

® Impacted surface water. storm water, or ground waler discharges
within 1500 ft (457 m) of a sensitive hatitat of surface water body
used for human dnnking water or contact recreation.

] Shallow contarmuinated surface soils are open (0 public access. and
awelings. parks. playgrounds, day-care centers. schools, of
similar-use faciities are more than 500 ft (152 m) of those soils

Nouly appropriate authoriies, property cwners, and Dotentiatly atlected pares
ang evaluate the need 10
[ ] Monitor grouna water anc ceterming the potential for tulure
contaminant rrugraton 1o the aguter

[} Monitor the dissolved plume anc evalyate the potertal lor naturat
atlenuation ang the neeg 1or NyCraubic contros

[ ] loenufy water usage ot ~21.assess the eHect of sotential mpact.
MOMItor the issoived prume  and evaluate whetner natural
atlenuation oF Nydrauiic CoNtrol are appropnate control measures

[ ] Monitor the dissolved piume. deterrmine the potential for vertical
mugration, notify the user. and determing i any umpact s hkely

) Investgate current imgact on sensitive hatrtat or surface water
body. restnct access 1o area of discharge (f necessary), and
evaluate the need for containment/control measures.

® Restnct access 10 impact sods.

TABLE X5.3 Example 3-—Site Classitication and Initial Response Actions

Cntena and Prescnbed Scenarios

Exampie Initial Response Actions

2. Shor-term (0 ta 2 years) threat to human health, salely, or sensiive
environmental receplors

® There 15 potentiat for expiosive levels, or concentrations of vapors
that could cause acute effects, to accumulate in a residence of
cther building.

[ ] Shallow contarminated surface sods are open 1o public access. and

dwellings, parks. playgrounds, day-care centers, schools, or
simidar use facilities are within 500 ft (152 m) of those soils.

L] A non-potable water supply well 1s impacted or immediately
threatened
L] Groung water is mpacted and a public Or COMESHUC water supply

well progucing Irom the wmpacted aquiler 1s located within
two-years projected ground water travel disiance down gracient
of the known extent of chermical(s) of concern

[ ] Ground water s impacted. and a public or gomeslic water supply
well procucing from a aifferent interval s located within the known
extent of chemicals of concern

Nouty appropnate authonties. property owners, and potentially atfected partes.
and evaluate the need to
® Assess the potential for vapor migration {through momitonng/
modeting) and remaove source (il necessary), or mstall vapor
migration barmer.

* Remove soils, cover soils. or restnct access.

[ ] Nouty ownerfuser and evaiuate the need 1o nstall pont-of-use water
treatment, hydraulic control, or altemate water supply

LJ Institute monnonng and then evaluate «f natural atienuation s

sutticient, or if hydrauhc control is required

[ ] Moritor ground water well quahty and evaluate  control 15
necessary 1o prevent vertical migration 1o the supply well.

] Impacied surtace water. storm water, or ground water discharges ) Institute containment measures. restnct access 1o areas near
within 500 & {152 m} of a sensiive habuat or surtace water body aischarge. ana evaluate the magmtude and :mpact of the
used for human dninking water or contact recreation. adischarge.

RBSLs associated with soil volatilization lo an enclosed
space are the most restrictive RBSLs.

X5.5.6 Comparisun of Site Conditions with Tier |
RBSLs—Based.on the data given in X5.5.2 and the RBSLs
given in Table X2.1. exceedances of Tier 1 RBSLs are noted
for benzene in soil and ground water and toluene for ground
water.

N3AT Evaination of Tier 1 Resulis—The responsible
pary decided to proceed to a Tier 2 evaluation for the
pathways of concern rather than develop a corrective action
pian for the following reasons:

X35.5.7.1 Only shallow perched water is impacted. and the
dissolved plume is moving very slowly in tight clay,

X3.3.7.2 Excavation of soils 1o meet Tier | cniena would
be expensive and would disrupt activities of the on-site
business. Off-site excavanon would be impractical and may
not be able to clean up ground water to Tier | critena,

X3.37.3 Other conventional treatment methods. such as
pump and treat and vapor extracuion. would be relativels
metfective in the heavy clay. and

X3374 A Tier 2 evaluanon for this sile requires no

additional data and is expected 10 be an equally protective
but less costly corrective action.

X5.5.8 Development of a Tier 2 Table of Site-Specific
Target Levels (SSTLs)—The Tier 2 table is similar to the
Tier 1 Look-Up Table with the exception that SSTLs for the
pathways of concern are presented as functions of both the
distance from the source to the receptor and the soil type.

X5.5.8.1 For the pathways considered, approaches for the
Tier 2 table are consistent with guidelines contained in Ref
(26).

X5.5.8.2 The equations, assumptions, and parameters
used to construct the Tier | Look-Up Table and Tier 2 table
are similar, except as noted as follows:

(1) Ground Waiter: Ingestion of Ground Water—A one-
dimensional analytical mass balance equation with attenua-
uon mechanisms of retardation. dispersivity, and first-order
biological decay (in sandy soil only) was applied in conjunc-
uon with the equations in Tables X2.2 and X2.3 to calculate
SSTLs. The analytical model is limited to steady-state
conditions and longitudinal dispersion. The analyucal solu-
uon to the mass balance equation is presented in Ref (44).
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TABLE X5.4 Example Tier 2 Site-Specific Target Level (SSTL) Table—Soil and Ground Water

SSTLs at Source Sandy Sod Naturat Brocegradaton

SSTLs at Source Clay Sod. No Natura Siocegracatice

Exposure  Receptor  Distance 10 Carcinogenic Risk = 1 x 1075 HQ = 1 Caronogenc Risk = 1 x 1073 ~Q = 1
Pathway Scenano  Source. t.mj
Berzene Einyibenzene  Towene Xylene Benzene  Ethyibenzene  Toluere Xyiene
Sou Sou vapor resigential 103) Sosz 18 1 450 17 570 300 3500
ntrusion from 25(7 8) 247 160 180 174 85 114 104 RESS
soi 10 100 (30) 314 RES RES RES RES RES RES RES
ouicings commercial/ 10 (3) 912 39 24 980 43 1200 550 204
mg/kg NeLSstnat 257 %) 12 340 340 364 350 244 22 34 RES
100 (30 go4 RES RES RES RES RES RES AES
Suriciat sail  resigentat 22 3100 5400 280 22 5100 34¢C 28C
ingeston and <o 5600 H 1500 17 3600 17 580
germai,
markg naustnal
Sod lechate  fesicential 010 7 47 130 2200 017 47 13C 2200
10 protect 100 {30) sz 38 250 4200 020 130 760 aES
grouna water 500 (152) LR 1200 8300 RES RES RES RES RES
ingestion commercial/ C (0 038 130 350 6200 0.58 130 350 8200
target level,  ndustnal 100 (30) 1t 250 670 1.24 0.70 380 2100 RES
mg/kg 500 (152) 13 3300 1754 RES RES RES RES RES
Groung  Ground resicential 0 cez2¢e 36 73 73 0.029 36 73 73
Water  water 100 0054 68 14 140 0.035 10 43 >S¢
ngestion, 500 G 68 90 350 >S5 >S >$ >S >$
mg/t commercial/ 0 0099 10 20 200 0.099 10 20 200
indusinal 100 ¢ 185 19 38 >S 0.12 29 120 >3
500 23 250 >S >S >8 >8 >S >S
Ground resdental 10 0.11 32 17 510 5.0 >S >S >s
water vapor 25 072 210 160 >S 1200 >S5 >S >S
inteysion from 100 >S >S >S >S >S >Ss >S >8
ground W'’ commerciall 10 028 70 36 >3 13 >8 >S >3
0 DUAINGS.  ingyustnal 25 19 >$ 350 >S >S5 >s >$ >S
mg/L 100 >$ >3 >S >3 >S5 >5 >5 >S

4 Wesight percent.

2 RES—Selected risk level is not exceeded for pure compound present at any concentration,

€ >S—Selected risk level is not axceeded for all possibie dissoived levels.

(2) Ground Water: Inhalation of Qutdoor Vapors—This
pathway was not considered because exposure concentra-
uons were very low.

(3) Ground Water: Inhalation of Enclosed-Space (Indoor)
Vapors—A one-dimensional mass balance equation fol-
lowing Jury, et al (31) has been used o model vapor
transport (43). This model was used in conjunction with the
equations in Table X2.2 and X2.3 10 calculate SSTLs. The
model includes concentration attenuation between the
source and the building by partitioning into immobile pore
water, adsorption onto soil, and biological degradation (in
sandy soil only).

(4) Subsurface Soils: Inhalation of Owidoor Vapors—This
pathway was not considered because exposure concentra-
tions were very low.

(5) Subsurface Soils: Inhalation of Enclosed-Space
(Indoor) Vapors—The SSTLs were calculated using the Jury
model (31) as discussed in Paragraph (3) of X5.5.8.2.

(6) Subsurface Soils: Leaching to Ground Water—The
SSTLs were calculated using the one-dimensional mass-
balance equation described in Paragraph (/) of X5.5.8.2, in
conjunction with the lechate factor, LFg,. as discussed in
X2.9.4.1.

(7) All exposure parameter values listed in Table X2.4,
soil, building surface, and subsurface parameter values listed
in Table X2.6, and chemical-specific properiies listed in
Table X2.7 have not been changed.

(8) First-order decay rates in sandy soil were assumed to be
0.2 % per day for all BTEX compounds. These rates are
considered conservative. Chiang, et al (38) determined that a

49

DO of 2.0 mg/L is required for rapid and complete biodeg-
radation of benzene. Chiang, et al (38) measured a biodegra-
dation rate of 0.95% per day, and Barker, et al (36)
measured a biodegradation rate of 0.6 % per day for ben-
zene. In general, published biodegradation rates range from
0.6 10 1.25 % per day. Chiang, et al (38) also determined that
biodegradation rates may be slower and incomplete at DO
concentrations below 2.0 mg/L. This is a conservative value
since aerobic biodegradation continues at DO concentrations
as low as 0.7 mg/L (44).
{9) Clay properties are as follows:

Total soil parosity, cnd/cm? 0.05%
Volumetric water content, cm’/cm? 0.40
Ground water Darcy velocity, cm/s 28

X5.5.8.3 Assumptions used to derive the example Tier 2
SSTL table are reviewed and presumed valid for this site.
Due to the very conservative assumptions used to calculate
exposure and the small number of people potenually ex-
posed, the Tier 2 SSTLs are based on a 107° risk 10 human
health for carcinogens and hazard quotients equal to unity
for noncarcinogens.

X5.5.9 Comparison of Site Conditions with Tier 2 Table
SSTLs—Based on the data given in X5.5.2 and the SSTLs
given in the example table, no exceedances of Tier 2 soil or
ground water SSTLs are noted. )

X5.5.10 Tier 2 Remedial Action Evaluation—Based on
the fact that Tier 2 soil or ground water SSTLs are no:
exceeded, the responsible party negotiates a corrective action
plan based on the following:

X5.5.10.1 Annual compliance monitoring of ground
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water at down gradient monitoring wells will be performed  action plan will be reevaluated. and

to demonstrate decreasing concentralions, X5.5.10.3 Closure will be granted if dissolved concentra-
X5.5.10.2 Should levels exceed Tier 2 SSTLs at any of  tions remain stable or decrease for the next two years.

these monitoring points at any future time. the corrective
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1.0 INTRODUCTION

BENCHMARK Environmental Engineering & Science, PLLC (BEES) requested that Steven
Winter Associates, Inc. (SWA) complete an ASTM E1739-95 Tier 1 screening evaluation for
six polycyclic aromatic hydrocarbons (PAHs), assuming a commercial/industrial exposure and
considering both 10™* and 107 cancer risk scenarios. The PAHs consist of benzo(a)anthracene,
benzo(a)pyrene, benzo(b)fluoranthene, benzo(k)fluoranthene, chrysene, and dibenzo(a,h)
anthracene.

Specific worker exposure pathways to be evaluated included exposure to soils and soil vapors
(ingestion, dermal contact, inhalation) via utility/foundation work; and exposure to vapors

entering buildings (from subsurface soils) via cracks in the floor slab.

In addition, information related to cyanide cleanup levels for soil was also requested.

20 METHOD

From ASTM E1739-95, Tables X2.2 and X2.3, the following equations were selected to
develop the Tier 1 risk-based screening levels (RBSLs):

EQUATION MEDIUM EXPOSURE ROUTE

5 Surficial soil Ingestion of soil, inhalation of vapors and
particulates, and dermal contact

7 Subsurface soil Enclosed space (indoor) vapor inhalation

The equations are as follows:
EQUATION 5 (Carcinogenic Effects):

Surficial soil: ingestion of soil, inhalation of vapors and particulates, and dermal contact:

_mE \_
RBSL’[ kg - soil ] -

days
year

TRxBWxAT x365

EFxED[(SFoxIO“G 28 (R_xraF, + SAxMxRAFd)) + (SFaIR,, x(VF, + VF, ))}
mg



EQUATION 5 (Non-Carcinogenic Effects):

Surficial soil: ingestion of soil, inhalation of vapors and particulates, and dermal contact:

_mg |_
THOXBWXAT x365 %25
year
« kg
(10 6 ;—x(]Rm.,xRAFo + S‘JXA’LYRAFH)) (JR . X(VF + VF, ))
EFXED g N air 55 P
M)a mi

EQUATION 7 (Carcinogenic Effects):
Subsurface soil: ambient space (indoor) vapor inhalation:

"[m3 ~ air] £10°3 mg
VEF, Hg

sesp

mg
kg - soil

RBSL,, _HE
rost| -

EQUATION 7 (Non-Carcinogenic Effects):

Subsurface soil: ambient space (indoor) vapor inhalation

RBSLai,[ r8
mg }

m' - air} 110378
VE, Hg

sesp

RBSL =
"{ kg - soil

The terms in these equations include:

AT, averaging time for carcinogens, years
AT, averaging time for noncarcinogens, years
BW adult body weight, kg

ED exposure duration, years

EF exposure frequency, days/years

IR, daily inhalation rate, m*/day

IR, ; soil ingestion rate, mg/day

M soil to skin adherence factor, mg/cm?
RAF, dermal relative absorption factor, PAHs
RAF, oral relative absorption factor



RBSL,, risk-based screening level for air, (mg/m?-air)

RBSL, risk-based screening level for soil, (mg/kg-soil)

RfD, inhalation chronic reference dose, (mg/kg-day)

RiD, oral chronic reference dose, (mg/kg-day)

SA skin surface area, (cm?¥day)

SF, inhalation cancer slope factor, (mg/kg-day)’

SF, oral cancer slope factor, (mg/kg-day)™

THQ target hazard quotient for individual constituents, unitless
TR target excess individual lifetime cancer risk, unitless

VF, volatilization factor, surficial soil to ambient air (particulates)
VF,, volatilization factor, subsurface soil to ambient air (vapors)
VF,, volatilization factor, subsurface soil to enclosed space vapors

No modification was made to the values listed by ASTM for commercial/industrial exposure and
various soil, building, surface and subsurface parameters, from Tables X2.4 and X2.6 in the
standard. For the chemical-specific parameters, values were generally selected from USEPA
and NYSDEC/NYSDOH sources. The selected chemical-specific values are identified in Table
1. For one of the parameters (i.e., the carbon-water sorption coefficient) two different values
were obtained. Calculations using these values were computed separately, so that the most
conservative (lowest) RBSL could be identified.



TABLE 1

CHEMICAL-SPECIFIC VALUES

PARAMETER | DEFINITION VALUE SOURCE

RfD, Inhalation chronic 3E-02 NYSDOH Division of
reference dose, Environmental Health,
mg/kg-day Bureau of Toxic

Substances Assessment,
In absence of values for
the 6 PAHs, the RfD, for
pyrene is used.

RfD, Oral chronic 3E-02 NYSDOH Division of
reference dose, Environmental Health,
mg/kg-day Bureau of Toxic

Substances Assessment.
In absence of values for
the 6 PAHs, the RfD, for
pyrene is used.

SF, Inhalation cancer For benzo(a) pyrene, 2.1 NYSDOH Division of
slope factor (mg/kg/day)?, based on a unit risk | Environmental Health,
(mg/kg/day)’ of 6E-4/ug/m>. Weighting factors | Bureau of Toxic

for 5 other PAHs as follows: Substances Assessment.
benzo(a)anthracene: 0.1;
benzo(b)flusranthene: 0.1;
benzo(k)fluoranthene: 0.01;
chrysene: 0.01; and
dibenz(a,h)anthracene: 1.0.
SF, Oral cancer slope For benzo(a)pyrene, 7.3. EPA’s Integrated Risk

factor (mg/kg/day)?!

Weighting factors for the other §
PAHs:

benzo(a)anthracene: 0.1;
benzo(b)fluoranthene: 0.1;
benzo(k)fluoranthene: 0.01;
chrysene: 0.01; and
dibenz(a,h)anthracene: 1.0.

Information System
database. EPA’s
Provisional Guidance for
Quantitative Risk
Assessment of Polycyclic
Aromatic Hydrocarbons
for relative potency, with
the exception of the
weighting factor for
chrysene, The value for
chrysene is provided by
the NYSDOH Division of
Environmental Health,
Bureau of Toxic
Substances Assessment.




TABLE 1

CHEMICAL-SPECIFIC VALUES
PARAMETER | DEFINITION VALUE SOURCE
H Henry’s law constant | benzo(a)anthracene: 3.35E-06 USEPA Soil Screening
(cm*-H,0)/(cm>-air) benzo(a)pyrene: 1.13E-06 Guidance Technical
benzo(b)fluoranthene: 1.11E-04 Manual, Table 36.
benzo(k)fluoranthene: 8.29E-07
chrysene: 9.46E-05
dibenz(a,h)anthracene: 1.47E-08
Kk, Carbon-water benzo(a)anthracene: 1,380,000 NYS TAGM 4046,
sorption coefficient, benzo(a)pyrene: 5,500,000 Appendix A, Table 1.
em®-H,0/g-C benzo(b)fluoranthene: 550,000
benzo(k)fluoranthene: 550,000
chrysene: 200,000
dibenz(a,h)anthracene: 33,000,000
k. Carbon-water benzo(a)anthracene: 3.98E+H)S USEPA Soil Screening
(Alternate) sorption coefficient, benzo(a)pyrene: 1.02E+06 Guidance Technical
cm*-H,0/g-C benzo(b)fluoranthene: 1.23E+06 Manual, Table 39,
benzo(k)fluoranthene: 1.23E+06
chrysene: 3.98E+05
dibenz(a,h)anthracene: 3.80E+06
) Diffusion coefficient benzo(a)anthracene: 5.10E-02 USEPA Soil Screening
in air, cm?/s benzo(a)pyrene: 4.3E-02 Guidance Technical
benzo(b)fluoranthene: 2.26E-02 Manual, Table 37.
benzo(k)fluoranthene: 2.26E-02
chrysene: 2.48E-02
dibenz(a,h)anthracene: 2.02E-02
| ) Diffusion coefficient benzo(a)anthracene: 9.00E-06 USEPA Seil Screening
in water, cm?/s benzo(a)pyrene: 9.00E-06 Guidance Technical
benzo(b)fluoranthene: 5.56E-06 Manual, Table 37.
benzo(k)fluoranthene: 5.56E-06
chrysene: 6.21E-06
dibenz(a,h)anthracene: 5.18 E-06
| ) Diffusion coefficient benzo(a)anthracene: 6.07 E-06 Wilke-Chang technique,
(Alternate) in water, cm?%/s benzo(a)pyrene: 5.71E-06 as published in Perry’s

benzo(b)fluoranthene: 5.72 E-06
benzo(k)fluoranthene: 5.71 E-06
chrysene: 6.29 E-06
dibenz(a,h)anthracene: 5.39 E-06

Chemical Engineer’s
Handbook, sixth ed.,
calculated by BEES,




3.0 RESULTS

The results of the PAH analysis are presented in Table 2. The computer spreadsheets used to
derive these values are contained in Appendix A.

TABLE 2
RISK-BASED SCREENING LEVELS FOR COMMERCIAL/INDUSTRIAL EXPOSURE
BASED ON ASTME 1739 TIER 1
Soil Subsurface Seil
(mg/kg) (mg/kg)
1) @ (3) 1) () (3)
Benzo(a) anthracene 3.04 304 23,800 >S >S >8
Benzo(a)pyrene 0.304 304 23,800 >S >8 >8
Benzo(b)fluoranthene 3.04 304 23,800 >S >S >S
Benzo(k){luoranthene 304 3,040 23,800 >S >S >8
Chrysene 304 3,040 23,300 >8 >8 >8
Dibenzo(a,h) anthracene 0.304 304 23,800 >8 >8 >S

(1) = Carcinogenic effects: 1 in One Million Risk (TR = 1.00 E-06)
(2) = Carcinogenic effects: 1 in Ten Thousand Risk (TR = 1.00 E-04)
(3) = Non-Carcinogenic Effects

>S = Selected risk level is not exceeded for all possible dissolved levels.

4.0 DISCUSSION

There are a number of simplifying assumptions in the Tier 1 method, and in our
approach. For example, while it is unlikely that a utility worker would be exposed to
contaminants in an excavation for 250 days/year for 25 years, these are the default
assumptions.

In addition, ASTM recommends that the user input values from USEPA’s current IRIS
and HEAST tables for the slope factors (SF) and reference doses (RfD). HEAST
refers the reader to IRIS for the six PAHs, and IRIS has only one value listed - an oral
slope factor (SF,) for benzo(a)pyrene; “no data” or “not available” is listed for the
others, i.e.:



_ TABLE 3
TOXICITY VALUES AVAILABLE FROM HEAST/IRIS
POLYCYCLIC AROMATIC
HYDROCARBON (PAH) SF, SF, RiD, RfD,
Benzo(a)anthracene NA NA ND ND
Benzo(a)pyrene 7.3 NA ND ND
Benzo(b)fluoranthene NA NA ND ND
Benzo(k)fluoranthene NA NA ND ND
Chrysene NA NA ND ND
Dibenzo(a,h) anthracene NA NA ND ND

NA = Not Available
ND = No Data

In the absence of values from IRIS and HEAST, we adopted NYSDOH’s approach,
which is to use a weighting scheme relative to benzo(a)pyrene for the other five PAHs
and to adapt the oral slope factor to the inhalation route. We also applied NYSDOH’s
approach for RfDs, i.e., used the lowest available reference dose for any of the PAHs
listed by IRIS, that for pyrene.

It is our understanding that NYSDEC will be revising TAGM 4046 for benzo(a)pyrene
based on the same slope factor presented in this report, and weight other PAHs the
same way, to be consistent with NYSDOH’s current policy.

5.0 CYANIDE CLEANUP LEVELS

The NYSDOH Division of Environmental Health, Bureau of Toxic Substances
Assessment was queried in regard to typical cleanup levels for cyanide in soil. Their
approach is “case by case”, using realistic or standard assumptions for exposure (e.g.,
assumptions such as those used in ASTM’s Tier 1 screening for petroleum releases).
Cyanide is not classifiable as a human carcinogen, and so values are set based on
USEPA'’s non-cancer reference dose for oral exposure (2E-02 mg/kg-day).

In USEPA’s Soil Screening Guidance Technical Manual (Appendix A), a generic
soil screening level of 1,600 mg/kg is cited for amenable cyanide. Additionally,
USEPA Region IX has preliminary remediation goals for free cyanide, of 1,100 mg/kg
in residential soil and 21,400 mg/kg in industrial soil. Appendix B contains copies of
the references from which these values are taken.
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APPENDIX C

Subarea K and L
Test Pit Logs for October 1998
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