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NOTICE

VDEQ, through its Office of Remediation and Planning, funded and managed the project in this User’s
Guide. It has been peer reviewed by VDEQ and approved for publication. Mention of trade names or
commercial products does not constitute endorsement or recommendation by VDEQ for use. The
VURAM User’s Guide is not intended to provide regulatory guidance or education. Use of any portion of
VURAM that does not comply with the VURAM User’s Guide is not recommended.

Disclaimer

With respect to VURAM distributed software and documentation, neither VDEQ nor any employees,
assumes any legal liability or responsibility for the accuracy, completeness, or usefulness of any
information, apparatus, product, or process disclosed. The risk assessment information provided in this
manual reflects the application of risk assessment to various programs at VDEQ. Use of VURAM assumes
familiarity with the regulatory programs discussed herein. The VURAM User’s Guide is not intended to
provide regulatory guidance or education. Furthermore, software and documentation are supplied “as-
is” without guarantee or warranty, expressed or implied, including without limitation, any warranty of
merchantability or fitness for a specific purpose.

Acknowledgements
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the development of VURAM and to all of the people who reviewed, tested, and gave helpful suggestions
throughout the development of the VURAM database model.

We wish to especially acknowledge VDEQ risk assessors including Patricia McMurray, Sonal lyer, Kyle
Newman, and Vrushali Gandhi, as well as the VDEQ technical project staff Hope Pelka, April Ni’'Mary,
and Allyson Lackey; beta-testing support staff of Pioneer Technologies Corp. and TechLaw for testing
and reviewing VURAM and its associated documentation, and for providing helpful comments and
suggestions. Special thanks go to Justin Williams, Chris Evans, Vince Maiden, Hasan Keceli, and Bob
Nicholas of VDEQ, whose support made the development of VURAM possible.

Software Requirements
VURAM is a database model developed using Visual Basic for Applications under Microsoft Access

2007/2010 and is intended to be run as a Microsoft Windows application within Microsoft Access 2007
or later.

Contact

Visit VDEQ website http://www.deg.state.va.us/ or contact specific Project Manager for more details.
For risk assessment questions please contact VDEQ Risk Assessors: Sonal lyer 804-698-4259; Kyle
Newman 804-698-4452; or Vrushali Gandhi 804-698-4094.

For VURAM technical assistance contact: April Ni'Mary 804-698-4534.
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Virginia Unified Risk Assessment Model (VURAM) and User’s Guide

User’s Guide

This User’s Guide is intended to serve as a comprehensive reference for use of VURAM. It provides
information on the application and interpretation of the model as well as instructions for its installation
and use. Refer to the EPA RSL website, EPA exposure factors Handbook: 2011 Edition, EPA Superfund
Soil Screening Guidance, and RAGS for supplemental information concerning the parameters and
assumptions incorporated in VURAM.

Information in this manual is presented in three sections:

1. Introduction to Risk Assessment: Provides an outline of the regulatory programs covered by
VURAM, general processes and assumptions of risk assessment, as well as information for
developing model inputs.

2. How to Use VURAM: Provides a page by page tutorial for the user interface of the Access
database model.

3. Understanding the Report: Documents and details the output format of VURAM and provides
associated explanations of the results.

4. Appendices: Provide model inputs, assumptions, and calculations, as well as VURAM page
images and VDEQ's Risk Based Closure Guidance.

Navigation through the manual is provided by hyperlinked text and images to various sections within the
document as well as an interactive (clickable) table of contents. To the greatest extent possible
references between various sections are included for ease of use.

Quick Start Guide

NOTE: Ensure VURAM model is updated to the newest available version before conducting risk
assessment. Biannually updates from EPA are made to the RSL table and then updated to VURAM. Visit
VDEQ's Risk Assessment website for the latest VURAM version. The currently available version
supersedes all previous versions of VURAM.

SL (Under Development)

1 Launch VURAM Access Database and Select VURAM

Select Screening Levels
3 SL Module Under Development

N

QRA

Launch VURAM Access Database and Select VURAM
Select Quantitative Risk Assessment

Select A Regulatory Program

Select Study Area and COPCs for QRA

Enter Media COPCs and Concentrations for QRA
Calculate Media Specific Hazard/Risk

Calculate Total Hazard/Risk and Generate Final Report

Save All Qutputs
Submit Outputs to VDEQ

O OoONOUA,WNR
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Model Basics

VURAM is a mathematical database model developed in Microsoft Access 2007 and 2010 developed and
made available through the VDEQ central office in Richmond, Virginia. The model utilizes four
interrelated risk assessment concepts: concentration, exposure, toxicity, and risk characterization, to
estimate the potential hazard/risk from exposure to contaminated media. It is recommended as the risk
assessment tool to support risk based evaluations for RCRA Permitted and Corrective Action facilities,
VRP/Brownfields, and Solid Waste under VSWMR. The purpose of VURAM is to provide a default
calculator to assist remedial project managers, permit writers, risk assessors, and others involved in the
decision making processes of solid and hazardous waste sites determine whether levels of
contamination warrant further investigation, site cleanup or engineering/institutional controls, or
whether no further investigation or action is required.

VURAM and the associated User’s Guide are designed to be used by people knowledgeable in the
science of risk assessment, data quality objectives, data quality assurance plans, exposure assessment,
and toxicity terminology and considerations. VURAM does not include tools for developing a CSM,
algorithms to calculate uncertainties, or QRA for ecological receptors. VURAM does not conduct
probabilistic risk assessment. Outputs from VURAM are intended to be used for risk
management/project management based decision making and for evaluating options available under
different regulatory mechanisms. Risk assessment provides information on potential health or ecological
risks, whereas risk management is the actions taken based on consideration of risk assessment and
other information. Such information includes, but is not limited to, other scientific information,
economic factors, social factors, laws, and regulations. VURAM provides calculated hazard/risk values
using site-specific data and is only calculated for human receptors.

Recommended Use

Use of VURAM is a strongly recommended approach based on currently available risk assessment
information and data for response actions at solid and hazardous waste sites. This document does not
establish binding rules. Alternative approaches for risk assessment may be determined to be more
appropriate at sites where specific circumstances do not match the underlying assumptions, conditions,
and models of this tool. The reason for the use of an alternative approach, and a description of any such
approach, should be documented and approved by VDEQ for sites where risk assessment is performed
outside of VURAM. Comments received for an individual solid or hazardous waste site questioning the
use of the approaches recommended in this User’s Guide should be considered as a documented
explanation for any selected alternative approach.

Neither VURAM nor the VURAM User’s Guide is intended to be a risk assessment training or education
resource. The risk assessment information provided in this manual reflects the manner in which selected
programs at VDEQ apply risk assessments to program-specific needs. Use of VURAM and the VURAM
User’s Guide assumes familiarity with the regulatory programs discussed herein. The use of the tables or
calculated results in this manual is at the sole discretion of the user and the understanding of the
assumptions incorporated in these results, as well as the appropriate application of the same, is the
responsibility of the individual using VURAM. The equations provided in this User’s Guide, or available
from EPA’s RSL website, may be used for calculating hazard/risk for site-specific information, provided
such approach has been documented, discussed, and approved by VDEQ.
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Introduction to Risk Assessment

Background

VDEQ’s Division of Land Protection and Revitalization is responsible for carrying out the mandates of the
Virginia Waste Management Act and meeting the Commonwealth of Virginia's obligations under RCRA
and CERCLA. VDEQ’s Division of Land Protection and Revitalization administers several programs
designed to ensure that the cleanup of contaminated sites in the Commonwealth to achieve a
satisfactory level of human health and environmental protection. VDEQ also has statutory authority to
administer the VRP/Brownfields Land Renewal Program, and the RCRA Groundwater Corrective Action
Program. Human and ecological risk assessments are conducted to ensure that the cleanups and risk
management decisions adequately protect human health and environment.

VDEQ Programs

RCRA Hazardous Waste/RCRA Permitting and Corrective Action
EPA’s hazardous waste permitting program, established by RCRA, helps ensure the safe treatment,
storage, and disposal of hazardous wastes by establishing specific requirements that must be followed
when managing hazardous wastes. RCRA Subtitle C establishes a federal program to manage hazardous
wastes from cradle to grave. Permits for the treatment, storage, or disposal of hazardous wastes are
issued by authorized states, including the Commonwealth of Virginia, or by EPA regional offices. Permits
include applicable EPA regulations from the CFR Title 40 parts 260 through 270 and subparts.

Human health and ecological risk assessments are an integral part of risk based closure of permitted
units as well as a tool for evaluating operating permits for Subparts O and H for waste combustion units
and Subpart X facilities. Past risk assessment pertaining to RCRA permitted facilities, including closures in
conjunction with VDEQ’s Risk Based Closure Guidance, was conducted using "Guidance for development
of health based cleanup goals using decision tree/REAMS program November 1, 1994 and subsequent
updates as prepared by Old Dominion University developed by VDEQ”. While the overall approach and
assumptions provided in VDEQ's risk based closure guidance and REAMS manual remain valid and
applicable. VURAM replaces and supersedes the risk assessment module of the REAMS software but
does NOT replace the fate and transport modules of REAMS. In places where risk assessment
assumptions are conflicting between REAMS and VURAM, VURAM will supersede. VURAM will be used
for conducting risk characterization at permitted units.

For facilities that have releases of hazardous waste or constituents into soil, groundwater, surface
water, and/or air, EPA and authorized states and territories, including the Commonwealth of Virginia,
work with responsible facilities to investigate and clean up hazardous releases under RCRA Corrective
Action. The RCRA Corrective Action program is a result of HSWA passed by Congress, which required the
cleanup of contamination from improper waste management practices both prior to and after the
passage of RCRA. The statute requires responsible parties that are seeking a permit to treat, store, or
dispose of hazardous wastes to clean up environmental contaminants at their sites regardless of the
time of release. EPA’s Corrective Action authority was substantially expanded by HSWA, allowing the
agency to address any releases of hazardous waste or hazardous waste constituents to all
environmental media at both RCRA permitted and non-permitted facilities. Human health and ecological
risk assessment is an integral part of the RCRA Corrective Action site cleanup process. The RCRA
Corrective Action program may use risk assessment to assess baseline risk, establish cleanup levels,
evaluate the effectiveness of remedial measures, and decide the end of cleanup activities. The Risk

VDEQ | 629 E. Main St. Richmond, VA 23219
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Assessment Guidance for RCRA Corrective Action can be found on the VDEQ website. VURAM will be
used for conducting risk characterization at these facilities.

CERCLA/Superfund
CERCLA, commonly known as Superfund, became law in December 1980 and establishes a program to
identify sites from which releases of hazardous substances into the environment might occur or have
already occurred, and to respond to abandoned sites and/or sites where the owner or operator went
bankrupt. EPA administers the Superfund program in Virginia and the Department of Environmental
Quality performs necessary activities mandated by the Superfund law. VDEQ is not involved in day-to-
day activities of Superfund sites. However, VURAM may be used as a reference at these sites in Virginia
as VURAM reflects calculation assumptions and algorithms used in federal facilities program. VURAM
calculations may be used as a reference at these sites. Due to the scale and complexity of these sites the
use of VURAM for facilities under the CERCLA process is dependent on approval from EPA/VDEQ project
manager.

Federal Facilities under CERCLA
Federal Facilities that are significantly contaminated may be listed on the NPL. CERCLA Section 120
requires federal agencies with NPL sites to investigate and clean up the contamination. VDEQ is
authorized to conduct regulatory oversight of environmental investigation, remediation, and restoration
projects at federal facilities in Virginia. For this program, the user may consult EPA RAGS. VURAM
reflects calculation assumptions and algorithms used in CERCLA risk assessment evaluation. VURAM
calculations may be used as a reference at these sites. Due to the scale and complexity of these sites the
use of VURAM for Federal Facilities is dependent on approval from VDEQ/EPA project manager.

RCRA Subtitle D- Solid Waste
This program focuses on state and local governments as the primary planning, regulating, and
implementing entities for the management of non-hazardous solid waste, such as household garbage
and non-hazardous industrial solid waste. VDEQ is responsible for administering the regulations
governing the management of solid waste in the Commonwealth. The VSWMR governs solid waste
management facilities. Under the VSWMR, solid waste management facilities include, but are not
limited to, landfills; including sanitary landfills, industrial waste landfills, and construction and
demolition debris landfills. Pursuant to VSWMR, these facilities may be required to monitor
groundwater. The risk assessment guidance for Solid Waste can be found at VDEQ's website. VURAM
will be used for conducting risk characterization at these facilities.

Brownfields and VRP
The Code of Virginia Title 10.1-1231, Brownfields restoration and Lands Renewal Policy and Programs
states “it shall be the policy of the Commonwealth to encourage remediation and restoration of
brownfields by removing barriers and providing incentives and assistance whenever possible.” The
purpose of the VRP is to encourage hazardous substance cleanups that might not otherwise take place.
The regulatory basis for performing risk assessments under the Virginia VRP is found in the Voluntary
Remediation Regulations Section, 9 VAC 20-160-70(A)(1)(a).

The risk assessment will include an evaluation of the risks to human health and the environment posed
by the release or threatened release of contaminants into the environment. If the risk assessment shows
that a removal or other remedial action is necessary then a proposed set of remediation levels as
described in Section 9 VAC 20-160-90 will also be included. Note that certain exposure assumption
considerations, such as the use of institutional control, used for this program which removes receptors
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from further consideration does not apply to other regulatory programs. VURAM replaces and
supersedes several of the interactive Microsoft Excel based risk assessment tables provided on VDEQ-
VRP website. The VRP Risk Assessment Guidance and Excel tables can be found at VDEQ website.
VURAM will be used for conducting risk characterization at these facilities.

Summary
All of the above regulatory programs at various stages of operation, closure, post closure care, remedial
decision making and/or corrective action activities may need to perform Human Health Risk Assessment
in order to demonstrate that the risk posed by contaminants attributed to the facilities are within
acceptable limits thereby protecting public health, the environment, and the natural resources of the
Commonwealth.

For the cleanup based programs the focus of the cleanup process is on assessing all sites for current and
potential future risk to human health, and choosing cleanup levels using risk based information. Cleanup
standards are implemented as remedial action goals. Different cleanup levels will be appropriate in
different situations. Cleanup levels are best established as site-specific goals and as part of the cleanup
and remedial action selection process. Public and private sector investigators have recognized the need
for a systematic and scientifically valid process to aid in managing risk associated with exposure to
environmental contaminants; a consistent approach to developing cleanup goals will expedite decisions
concerning protection of public health.

Special note about Brownfields and VRP:

1. Under this program, the only ways to exclude particular receptors or pathways from QRA are:

a. A commitment upfront to a viable and practical use restriction that would eliminate
exposure to receptors, such as a residential use restriction. Assumptions regarding
current or future use cannot be used to eliminate pathways.

b. The offsite drinking water pathway may be eliminated if a letter can be provided from
the municipality that supports a determination that local laws, ordinances, or
regulations prevent the installation of private wells on affected properties.

2. Sites that anticipate using engineering controls (sub-slab depressurization system, capping, etc.)
as remedies are still required to perform a risk assessment on affected media. The risk
assessment is key to evaluating the viability of the remedy, as well the potential consequences
of its failure.

3. Sites that have gone through VDEQ’s UST program will still be required to evaluate SVOCs and
VOCs. The UST program focuses on evaluations of mixtures that do not have reliable toxicity
values such as TPH, DRO, and GRO. Subsequently, the program does not use QRA to meet its
goals. As the VRP evaluates cumulative risks, residual risks from tanks for individual components
of TPH, DRO, and GRO need to be evaluated if any sample remaining after the UST investigation
exceeds 100 mg/kg TPH.
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Risk Assessment Process Overview

Risk assessment is, to the highest extent possible, is a scientific process. See EPA’s About Risk
Assessment website for a basic overview of risk assessment. Each program has different requirements
and risk management options, yet QRA models for each of these programs rely on similar input
parameters and calculation algorithms. The ultimate purpose of all risk assessment is to develop risk
based cleanup goals that protect human health and the environment, and restore the environment to
the extent practicable. VDEQ follows the 4-step risk paradigm outlined in EPA RAGS and EPA RSL User’s
Guide: data collection and evaluation, exposure assessment, toxicity assessment, and risk
characterization. These steps are depicted in the figure below and are adopted from Risk Assessment
Guidance for Superfund, Human Health Evaluation Manual, Part A, Interim Final.

BASELINE RISK ASSESSMENT

Data Collection and Evaluation

# Gather and analyze relevant

site data
® Identify potential chemicals
of concern
Exposure Assessment Toxicity Assessment
® Analvze contaminant releases e Collect qualitative and
® [dentifv exposed populations quantitative toxicity
# [dentify potential exposure information .
patlhwaj_.fﬁ ® Determine appropriate
# Estimate exposure toxicitv values
concentrati ons for pathways )
» Estimate contaminant intalkes
for pathways

Risk Characterization

# Characterization potential for
adverse health effects to
occur
— Estimate cancer risks
— Estimate non-cancer

hazard quotients

® Evaluate uncertainty

# Summ ariz e risk information
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Step-1: Data Collection and Evaluation
Data collection and evaluation is primarily concerned with the acquisition of necessary data from
environmental media to identify COPCs and support the calculation of EPCs in the exposure assessment.
The purpose and scope of a risk assessment is decided based on the regulatory program needs, which in
turn dictates data quality objectives and data quality assurance plans. Once objectives are decided,
media sampling is performed to develop and understand the current nature and extent of chemical
contamination in the environment, and predict how the contaminants may behave in the future. Data
collection and evaluation relies heavily on the CSM to identify which environmental media should be
sampled, and at which locations.

Step-2: Exposure Assessment

An exposure pathway describes how a receptor may come into contact with a chemical source via an
exposure route: ingestion, inhalation, and/or dermal. In this step, site data are used to estimate media-
specific EPCs for receptors identified in the CSM. Chemical intake (dose) is then calculated as a function
of the concentration of the chemical in an environmental medium and the characteristics and behaviors
of the potentially exposed receptors. Land use assumptions and exposure factors are an important part
of these calculations. Refer to Toxicity Values, Chemical Parameters, and Exposure Defaults for more
details.

Step-3: Toxicity Assessment
The toxicity assessment uses data from published animal and human studies to identify adverse health
effects which might be caused by exposure to the COPCs, as well as the dose at which harmful health
effects may occur. Harmful effects are broadly categorized as either carcinogenic or noncarcinogenic.
Refer to Toxicity Values, Chemical Parameters, and Exposure Defaults for more details.

Step 4: Risk Characterization
In this step, the toxicity assessment is integrated with the exposure assessment to quantify potential
health risks. The risk characterization reveals which COPCs pose the most significant risks and which
exposure pathways are important. VURAM reflects only this last step in the risk assessment process.

Prerequisites for Computation

The risk assessment process acknowledges that contaminant data and other site related information is
usually limited and that only a small sampling of site-representative data are available to make human
health and ecological risk decisions. This means risk assessors often have to make estimates and use
professional judgment when performing risk calculations. Consequently all risk estimates have a certain
degree of uncertainty. For this reason a key part of risk assessment is an open presentation of the
uncertainties in the calculations and a characterization of how reliable, or unreliable, the resulting risk
estimates truly are.

Uncertainty is present and inherent throughout the modeling process, this is termed model uncertainty.
Model uncertainty arises from a lack of knowledge about natural processes, simplifying assumptions in
mathematical formulations and associated parameters, and/or data coverage and quality. In order to
ensure that risk is not underestimated, several assumptions used in the risk assessment process, at both
the screening and quantitative level, are conservative. In order to ensure that the study area population
is not exposed to unacceptable risk level, reasonable maximum exposure or reasonable worst case
exposure scenarios are always employed. Refer to RAGS-Part A for more information.
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Fate and Transport
VURAM does not, at present, incorporate fate and transport modeling from soil to groundwater, soil to
surface water, groundwater to surface water, soil/groundwater to soil gas/air, detailed groundwater to
shower air, and soil gas/sub-slab gas to indoor air. However, fate and transport modeling is an integral
path of the risk assessment model. As such, the evaluation of pathways, along with risk assessment
evaluation, is required. For further information on fate and transport evaluations refer to EPA Superfund
Exposure Assessment Manual or contact VDEQ.

Site Characterization and Data Requirements
A thorough and complete site characterization must be performed to obtain the site-specific data
required for VURAM input parameters. A site characterization is used to identify and characterize the
presence and extent of hazardous substances at a site and any associated threat to human health and
the environment. All variables influencing contaminant movement, direct and indirect, via fate and
transport must be taken into account to accurately develop a CSM. This will ensure a viable simulation
of the present extent of contamination and prediction of future conditions.

A separate CSM may need to be developed for onsite and offsite exposures as well as for current and
future potential uses of the site. In order to use VURAM to generate an applicable QRA the site
characterization must include data and information that matches the CSM. Refer to RAGS Part A, the Soil
Screening Guidance for Superfund: Users Guide (EPA 1996) Part 2 and Attachment A for more
information on developing a CSM. Site characterization includes an investigation of saturated and
unsaturated zones, surface and subsurface soil, unfiltered groundwater, unfiltered surface water,
sediments, subsurface geology and hydrogeology, air (ambient, sub-slab, and indoor soil-gas, and indoor
air), and demographics, including population and past, present, and potential future land use
information. Additionally the CSM includes the nature of contamination and the lateral and vertical
extent of contamination. More than one round of sampling data may be needed for thorough site
characterization. The CSM provides valuable data used in determining site-specific risk based cleanup
goals. Proper sampling and analysis of all potentially contaminated media, including unfiltered
groundwater, unfiltered surface waters, surface and subsurface soils, sediments, air (ambient, sub-slab,
soil-gas, and indoor air), wastes and sludge, and food for a wide range of compounds is necessary to
produce validated, high quality data.

IMPORTANT! Reliable results from VURAM QRA are dependent upon the quality of the data and
information entered into the calculation procedures. Therefore the use of valid and reliable input data is
absolutely necessary. Incomplete or inaccurate data and information will yield results with a high degree
of uncertainty.

Further information on the quality of data appropriate for use in risk assessment and modeling is
available from the following:

e Guidance for Data Useability in Risk Assessment Final Part A

e Data Quality Objectives for Remedial Response Activities

e Soil Screening Guidance: Technical Background Document

e Risk Assessment Guidance for Superfund, Volume I- Human Health Evaluation Manual (Part A)

e OSWER Draft Guidance for Evaluating the Vapor Intrusion to Indoor Air Pathway from

Groundwater and Soils, Appendix E (Subsurface Vapor Intrusion Guidance)
e Vapor Intrusion Pathway: A Practical Guidance
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Statistical Analysis

Statistical analysis is an integral part of risk assessment data evaluation. For SL risk assessments,
maximum detected media concentrations are used. For QRA, either maximum detected media
concentration or 95% upper confidence limit of the mean is used. VDEQ recommends using EPA’s
Statistical Software ProUCL for statistical analysis. Refer to the following resources for more information
on sampling and statistical evaluation approach:

e Statistical Analysis of Groundwater Monitoring Data at RCRA Facilities Unified Guidance

e ProUCL User Guide: Statistical Software for Environmental Applications for Data Sets with and

without Nondetect Observations
e Chemical Concentration Data near the Detection Limit
e Risk Assessment Guidance for Superfund: Volume | - Parts A,B,C,D, E, and F

Acceptable Noncancer Hazard and Cancer Risk
The QRA in VURAM requires an acceptable level of cancer risk to be determined based on site-specific
factors. Except for RCRA permitted units and facilities the range of cumulative acceptable cancer risk
performance standard/goal is 1E-4 to 1E-6. The recommended individual risk is at or below 1E-6. For
noncarcinogens both the HQ from individual noncarcinogens, and HI from all noncarcinogens,
performance standards/goals are below 1. Cleanup goals are calculated within the VURAM for these
default hazard levels. Options to select individual and cumulative risk goals are provided in the VURAM
interface and may be different from those stated.

For RCRA permitted units and facilities the acceptable combined risk performance standard/goal from
all carcinogenic risk from all exposure pathways and media for a given receptor is 1E-04. For individual
carcinogenic risk performance standard/goal from all exposure pathways and media for a given receptor
is 1E-6. For noncarcinogens HQ and HI performance standard/goal is less than 1 for a given receptor.

Toxicity Values, Chemical Properties, and Exposure Defaults

Exposure parameters are obtained from the RSL User’s Guide where available. Primary sources of
chronic and subchronic toxicity values included in VURAM are obtained from the following references, in
the order of preference and hierarchy:

e EPA's Integrated Risk Information System (IRIS)

e Provisional Peer Reviewed Toxicity Values for Superfund (PPRTV)

e The Agency for Toxic Substances and Disease Registry (ATSDR ) minimal risk levels ( MRLs)

e Office of Environmental Health Hazard Assessment's (OEHHA) Chronic Reference Exposure

Levels (chRELs) as of June 2014

e Technical Support Document for Cancer Potency Factors 2009

e Consolidated Table of OEHHA/ARB Approved Risk Assessment Health Values

e Decision Making at Contaminated Sites: Issues and Options in Human Health Risk Assessment:

Appendix A
e Health Effects Assessment Summary Tables (HEAST): FY 1997 Update

However, VURAM uses EPA RSL table to update toxicity and chemical properties. Chemical parameters
and toxicity values from the RSL table will be updated by VDEQ to reflect updates to toxicity values and
other chemical parameters in the VURAM database. A new version of VURAM will be released once
periodic updates are made. New releases of VURAM need to be downloaded and installed in order to
calculate risk assessments with the most recent RLS data.

VDEQ | 629 E. Main St. Richmond, VA 23219

16


https://nepis.epa.gov/Exe/ZyNET.exe/P10055GQ.TXT?ZyActionD=ZyDocument&Client=EPA&Index=2006+Thru+2010&Docs=&Query=&Time=&EndTime=&SearchMethod=1&TocRestrict=n&Toc=&TocEntry=&QField=&QFieldYear=&QFieldMonth=&QFieldDay=&IntQFieldOp=0&ExtQFieldOp=0&XmlQuery=&File=D%3A%5Czyfiles%5CIndex%20Data%5C06thru10%5CTxt%5C00000011%5CP10055GQ.txt&User=ANONYMOUS&Password=anonymous&SortMethod=h%7C-&MaximumDocuments=1&FuzzyDegree=0&ImageQuality=r75g8/r75g8/x150y150g16/i425&Display=hpfr&DefSeekPage=x&SearchBack=ZyActionL&Back=ZyActionS&BackDesc=Results%20page&MaximumPages=1&ZyEntry=1&SeekPage=x&ZyPURL
https://www.epa.gov/sites/production/files/2015-03/documents/proucl_v5.0_user.pdf
https://www.epa.gov/sites/production/files/2015-03/documents/proucl_v5.0_user.pdf
https://nepis.epa.gov/Exe/ZyNET.exe/9100S9OP.TXT?ZyActionD=ZyDocument&Client=EPA&Index=1991+Thru+1994&Docs=&Query=&Time=&EndTime=&SearchMethod=1&TocRestrict=n&Toc=&TocEntry=&QField=&QFieldYear=&QFieldMonth=&QFieldDay=&IntQFieldOp=0&ExtQFieldOp=0&XmlQuery=&File=D%3A%5Czyfiles%5CIndex%20Data%5C91thru94%5CTxt%5C00000025%5C9100S9OP.txt&User=ANONYMOUS&Password=anonymous&SortMethod=h%7C-&MaximumDocuments=1&FuzzyDegree=0&ImageQuality=r75g8/r75g8/x150y150g16/i425&Display=hpfr&DefSeekPage=x&SearchBack=ZyActionL&Back=ZyActionS&BackDesc=Results%20page&MaximumPages=1&ZyEntry=1&SeekPage=x&ZyPURL
https://www.epa.gov/risk/risk-assessment-guidance-superfund-rags-part
https://www.epa.gov/iris
https://hhpprtv.ornl.gov/
http://www.atsdr.cdc.gov/mrls/index.asp
http://oehha.ca.gov/air/general-info/oehha-acute-8-hour-and-chronic-reference-exposure-level-rel-summary
http://oehha.ca.gov/air/general-info/oehha-acute-8-hour-and-chronic-reference-exposure-level-rel-summary
http://oehha.ca.gov/air/crnr/technical-support-document-cancer-potency-factors-2009
http://www.arb.ca.gov/toxics/healthval/healthval.htm
http://www.itrcweb.org/risk-3/Content/Resources/ITRC2015RISK-3.pdf
http://www.itrcweb.org/risk-3/Content/Resources/ITRC2015RISK-3.pdf
https://nepis.epa.gov/Exe/ZyNET.exe/2000O0GZ.TXT?ZyActionD=ZyDocument&Client=EPA&Index=1995+Thru+1999&Docs=&Query=&Time=&EndTime=&SearchMethod=1&TocRestrict=n&Toc=&TocEntry=&QField=pubnumber%5E%22540R97036%22&QFieldYear=&QFieldMonth=&QFieldDay=&UseQField=pubnumber&IntQFieldOp=1&ExtQFieldOp=1&XmlQuery=&File=D%3A%5Czyfiles%5CIndex%20Data%5C95thru99%5CTxt%5C00000017%5C2000O0GZ.txt&User=ANONYMOUS&Password=anonymous&SortMethod=h%7C-&MaximumDocuments=10&FuzzyDegree=0&ImageQuality=r75g8/r75g8/x150y150g16/i425&Display=p%7Cf&DefSeekPage=x&SearchBack=ZyActionL&Back=ZyActionS&BackDesc=Results%20page&MaximumPages=1&ZyEntry=1&SeekPage=x

Virginia Unified Risk Assessment Model User’s Guide | 2016

For chemicals included in EPA RSL that have no CAS, or have a duplicate CAS with distinct chemical
properties, then an unofficial value is assigned in VURAM to facilitate database function. A table of these
chemicals and the assigned CAS value is included in Appendix 5: VDEQ CAS revisions. These values are
contrived by VDEQ to be indicative of the compound or substance they reflect, this may include an
official CAS, but are not reflective of the Chemical Abstract Service assigned number.

For some chemicals with similar toxicity properties proxy values are used. The proxy chemicals list was

developed using “Langley Air Force Base Remedial Investigation Report for IRP Sites LF-01, LF-05, LF-15,
LF-18, LF-22, and FT-41, Radian, November 1998.” A table of these chemicals is included in Appendix 5:
Proxy Chemicals.

Approach to Risk Assessment

VURAM uses a logic flow approach to calculating hazard/risk based on site specific chemical lists, study
area, and human exposure related criteria to establish risk based cleanup standards for contaminated
soil, groundwater, air, surface water, sediment, and food.

An outline of risk assessment is provided in Flow Chart Symbol Legend
flow charts below. Each step of the risk - N\
assessment logic flow is determined by the Document Page List
. s - .. . Database External Data o e
CSM for site specific conditions. Decisions in or Report —

the flow chart must be evaluated against the

Item 2
CSM for accurate application calculated Menusi Ctc
peration ltem 3
HI/Risk. Risk assessments should be o

performed in accordance with project N z:;gre:: — —
specific agreements and work plans Operation Storage Ustbax

approved by VDEQ project manager. VURAM

output report provides the information @ w
Paa
required in RAGS Part D tables. <
\.
This document does not establish binding rules, but provides a recommended risk assessment process

which incorporates the use of risk assessment methodology described in RAGS Part A through E and EPA
Regional SL Guidance.
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Begin Risk Assessment
Use of VURAM assumes a site contaminated with hazardous substances has been identified and
investigated resulting in a full site characterization with data quality objectives and assessment as
described in Data Quality Objectives for Remedial Response Activities or other Quality
Assurance/Quality Control programs deemed acceptable by VDEQ.

Note: For inorganic constituents (metals) VDEQ highly recommends collecting site or unit specific
natural background data. VDEQ considers background data only for naturally occurring inorganics and
not for organic and anthropogenic chemicals.

Note: VURAM does not include fate and transport evaluation. However, residual soil contamination
must be evaluated for potential movement from soil to groundwater and, if applicable, residual
groundwater contamination must be evaluated for potential movement from groundwater to surface
water. Consult VDEQ for accepted methods of evaluating fate and transport.

Screening Risk Assessment
Sites applying for closure of permitted facilities under RCRA using risk based cleanup goals that also pose
imminent and substantial endangerment to human health and the environment may use the EPA’s RSL
residential values or other interim cleanup guidance as approved by VDEQ as interim cleanup goals.
VDEQ requires no interim cleanup for a RCRA site undergoing clean closure, which is
unrestricted/residential future use. Neither RSLs nor any other SLs are used for permitted facilities.

The RSL table provided by EPA is used as a risk based screen for Superfund/CERCLA, RCRA Corrective
Action, and Federal Facility sites. VRP SLs are adjusted appropriately to meet regulatory requirements.
SL values are computed using toxicity values and standard exposure scenarios to determine chemical
concentrations corresponding to a fixed level of risk. The RSL table does not combine risk across various
media and/or contaminants. The RSL table and SLs are generic screening values, not de facto cleanup
standards. While the list is not to be used for permanent site-specific cleanup levels, the information
provided is useful for determining interim cleanup measures. The information in the RSL table is
updated bi-annually as new toxicological data are published. Risk Assessment is required to use the
most recent update of the RSL table available at the time of data analysis and to note the date of the RSL
table used. VURAM's SLs module will provide more information and instruction on SL risk assessment.

Risk Assessment Data QA/QC
If applicable, once interim cleanup/SL risk assessment is completed, COPCs which fail SL risk assessment
as well as COPCs left behind after interim action has been performed are assessed using QRA. The data
quality objectives as well as the CSM for QRA may be different from the initial or preliminary site
investigations/RCRA Facility Investigation Phase-I/site characterization. Therefore the quantity and
quality of data needed may differ from the existing and available data. If the information is incomplete
the site must be resampled and/or the information necessary for entry into VURAM must be compiled
or obtained. This can include additional sampling, data collections, and/or statistical analysis.

The evaluation of appropriateness, representativeness, and qualification of analytical data generated
during investigation is not incorporated in VURAM. Consult RAGS Part A for data qualifiers and their use
in risk assessment. Generally, data without qualifiers are considered appropriate for risk assessment
purposes. Based on overall data density and quality, other qualifiers may also be included in risk
assessment.
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QRA
If information is complete and groundwater is contaminated, regardless of the contamination detected
in other environmental media, then follow QRA: Groundwater flowchart connector A.

If information is complete and the groundwater is either: not contaminated OR the chemicals in
groundwater do not have MCL OR the proposed cleanup is not MCL and chemicals have not migrated
offsite, then proceed to QRA: Calculations flowchart connector B.

VURAM calculates site-specific risk based cleanup/remediation goals using the base line risk assessment
results and default or selected acceptable hazard/risk levels.
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Quantitative Risk Assessment:
Groundwater
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First, determine if all of the contaminants in groundwater have MCLs under 40 CFR 141, National
Primary Drinking Water Regulations (EPA, 1992). If yes, then the contaminant concentrations must be
reduced to the MCLs. Once concentrations for groundwater are reduced to or below MCLs, use these
MCLs as EPCs for groundwater QRA along with measured non-MCL COPCs in groundwater and other
applicable media concentrations to determine site-wide risk. Due to the time required to reduce COPCs
to MCLs for some sites detected concentrations may be used in QRA instead of MCLs. Contact VDEQ for
regulatory program and project specific requirements and risk/project management based decisions.
Proceed to QRA: Calculation flowchart connector B.

Note: For inorganic chemicals only, if the responsible party can demonstrate to VDEQ that the site
specific background levels of the contaminant in groundwater are higher than the MCLs, then an
exception may be granted. If the site-specific background levels are higher than the MCLs the
contaminant concentration are reduced to background. These chemicals will no longer be included in
QRA. Detected concentrations may be used instead of MCL due to the time required for COPCs to
reduce to MCLs for some sites. Contact VDEQ for site-specific needs.

Note: For sites with a single detected contaminant for which a MCL has been promulgated under
Section 1412 of the Safe Drinking Water Act Title 40 CFR 141, the MCL for that constituent will be the
acceptable cleanup level. For sites with multiple detected contaminants for which MCLs have been
promulgated, the potential cumulative risk for carcinogens shall not exceed 1E-4 for risk from
carcinogens at MCL and the risk from all remaining carcinogens combined. The HI for noncarcinogens at
MCL and remaining noncarcinogens combined shall not exceed 1. MCLs are promulgated by EPA for use
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by public water systems to protect public health by limiting the levels of contaminants in drinking water.
MCLs are not intended for use as risk-based screening criteria. Therefore, if a chemical at MCL is
identified as a risk driver, reduction in concentration to meet risk-based criteria may be required.

Quantitative Risk Assessment:
Calculations

Calculate separate Hland Risk for
each COPC (noncarcinogen and
carcinogen) in each medium: soil, air,
groundwater, surface water, sediment, food

HI>1 AND Riskg10°

HI>1 AND Risk>10"%

l

Recommended Acceptable Concentrations
may be used as remedial cleanup goals

Ensure soil cleanup levels meet soil to 8
i, <1 k107
groundwater Fate and Transport goals Hls1 AND Risk<10

Reduce contamination to
ey Ly
meet remediation goals

A

Fate and
Transport results are
acceptable?

No
A 4

Revise Recommended Acceptable
Concentrations as remedial cleanup to
meet Fate and Transport

For sites where contamination is limited to onsite media and has not migrated offsite, the data for all
applicable media are based on the CSM. This module directs the calculation of hazard and risk.

IMPORTANT! For sites where COPCs have migrated offsite contact VDEQ for offsite data requirements
before using VURAM for QRA.

An HQ for each noncarcinogenic contaminant and individual risk for each carcinogen in each medium is
calculated by combining routes of exposure for the contaminant in each medium. For example,
exposure to contaminated soil involves potential ingestion, inhalation of particulates and volatiles, and
dermal contact. Therefore, the HQ and risk for a contaminant in soil is a combination of the hazard and
risk associated with all three routes of exposure.

VURAM has all routes of exposure for each medium either preselected or as a selection option based on
the study area and media. The details of these options are provided on the VURAM Calculation page.
HQs and individual risk for all exposure pathways are combined to yield a Hl total and Risk total for each

COPC calculated.
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VURAM automatically calculates acceptable concentrations for each chemical in each media where
individual hazard/risk is exceeded for Residential and Industrial (composite worker) scenarios. For
chemicals that have concentrations that exceed acceptable HQ and individual risk, the calculated
acceptable concentration may serve as final remediation/cleanup goal.

Note: For soil, and groundwater as applicable, recommended acceptable concentration data must be
evaluated for fate and transport. VURAM does NOT include fate and transport evaluations. If
contamination is expected to reach groundwater and/or surface water within 30 years, then fate and
transport based calculated groundwater /surface water contaminant concentration(s) can be entered
into the risk assessment portion of VURAM to assess if the predicted concentration will be within
acceptable hazard/risk level. If predicted concentrations fail acceptable hazard/risk levels, the
soil/groundwater acceptable concentrations may need to be revised to meet fate and transport based
requirements. If contamination will not reach groundwater and/or surface water within 30 years at
unacceptable levels, then the concentrations of COPCs in soil are acceptable according to human health
risk based criteria.

Note: Risk Calculations in VURAM do not consider ecological risk assessment although some SL
evaluations include some ecological considerations. If the CSM indicates potential exposures to
ecological receptors a separate ecological risk assessment must be performed. Refer to:
e Ecological Risk Assessment Guidance for Superfund: Process for Designing and Conducting
Ecological Risk Assessments - Interim Final
e Guidelines for Ecological Risk Assessment
e EPA Ecological Soil SL (Eco-SSL) Guidance and Documents

The calculated acceptable goal obtained from VURAM may be used to evaluate potential ecological risk
to ensure that the chosen remediation/cleanup goals are protective of ecological receptors. Contact
VDEQ for further details on ecological risk assessment.

Note: Lead is currently not included for QRA in VURAM. If lead is a chemical of potential concern use
IEUBK model and ALM model.
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How to Use VURAM

Getting Started
Obtain the current VURAM database from VDEQ website, if necessary, and save it to a local drive.

To launch VURAM double click the downloaded VURAM database. If the VURAM database is saved in an
Access Trusted Location then the program will start automatically. Otherwise follow instructions
provided below to Enable Macros.

WARNING! Using VURAM over a network or shared drive location can cause database performance
problems. Always save a local copy when using VURAM.

Enable Macros
If the program is not in a trusted location you will see a message informing you that macros are not
enabled and the database cannot run. To run VURAM click Enable Content.

= & Cut b GoTo i e
e e ) Speling 5 HE el T |
= Copy £ ) g Select
Paste V7] Aduanced - | Refresh B8 pare B 57 U | A-82. 5 ==Z]
Clipboard Sort B Filter Records Firnd Text Formatting
_!Jg" Security Warning  Some active content has been disabled. Click for more details, | Enable Content |
= 1 IBR
5] Macros [ 28

ATTENTION!

The Virginia Unified Risk Assessment Model (VURAM)
will not run unless macros are enabled. Follow the
instructions in the User's Manual to enable macros.

NOTE: Other versions of Access may encounter a different set of Enable Macros or compatibility
warnings dialogue. Follow the prompts in Access to Allow/Enable VURAM.
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Using VURAM Software Model

VURAM is designed to guide the risk assessment process with a series of user interface pages used to
select chemicals, study area, and receptor parameters for calculation. The final output of VURAM is a
printable report which gives the total HQ and/or cumulative risk for each chemical by exposure pathway
and by media.

IMPORTANT! Before conducting VURAM risk assessment modeling a thorough CSM must be performed
and all applicable model parameters complete. All image option selections, COPCs, and concentration
values are for demonstrative purposes ONLY and do not represent any actual site data or analysis.
Individual model runs of VURAM will be site-specific.

Troubleshooting Common Errors
Some errors can occur in and with Access. The most common is database corruption due to interruption
of the Access shut down process. If you suspect the database is corrupt delete it and download a new
copy from the VDEQ website.

VURAM page size does not automatically accommodate screen resolution. The page size can be adjusted
using standard Window’s mouse navigation to move and size each form (excluding the VURAM Splash

Page).

WARNING! Force Quitting Access while VURAM is open can cause database corruption. If database
corruption is suspected delete VURAM and download a fresh copy from the VDEQ website.

Flow Chart Legend
In the following section each page of the VURAM user interface is detailed by a flow chart diagram,
which provides information on selection options and program flow and function.

Flow Chart Symbol Legend

( N
< _
Database External Data Document: Page List
or Report
Item 1
Item 2
Manual Click
Operation Item 3
A Program Internal
Process Storage Chemical
. Operation = Listbox
Off
W
- /

NOTE: On-page and off-page connectors reference each other, as begin and go to locations. Not all
options are required. For example Quit and Go Back may be selected from each page, but not required
to be selected. Some options are pre-set and may not be available for selection.
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Hyperlink Images
The flow diagram is accompanied by a PREVIEW of the

associated VURAM page. A full view version of each page is '\? l ] RAM

hyperlinked to the preview and is referenced in Appendix 1.
Appendix images are hyperlinked to return to the detailed
description. The VURAM Splash Page is provided here as an I
example. ﬁD[LQ

N [EPANTENT

KNV IROABE S TAL L ALETY

NOTE: Display resolutions may change the appearance of the
pages of VURAM. All pages, except the VURAM Main Page, can
be moved, sized, and can be scrolled.

Warnings, Errors, and Icons
The VURAM interface has several user feedback messages in the form of pop-ups and icons that appear
when errors have occurred, actions have been completed, or further action is required. Error messages
and icons ensure proper presets before proceeding in the model.

Green Check Mark: Shown when a media calculation is completed.

A Grey Information Triangle: Shown when a media is not available for calculation due to the selected
study area

x Red X: Shown where inputs need to be selected or entered before continuing.

olBlue Information Circle: Interactive icon containing information message.

Lisar Sefacticn

|

Warning Messages: These messages contain important information
Select ane of sach option, inclucing ot lesst one chemical fram the . . .
SIS e g about proceeding. These may have a cancel option that will cancel the
= preceding action.

Default Exposure Pathways | = |

Information Messages: These massages contain important information
on the risk assessment process or program parameters.

0. Al mposure pathweys will be included in the calculation

[ |

WARNING! Do NOT interrupt the close program process or data corruption can occur.
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VURAM Splash Page
VURAM will auto-load when opening the VURAM database from

a trusted location. If VURAM opens and this page is not displayed
see Enable Macros.

The VURAM splash page serves as a background for all other
pages and will remain open throughout the program.

Use the Close Program command located on this page to exit
VURAM at any time.

@—,[ VURAM A\Cbse Program /Lam—o-o ,‘f“"""g K
A | —

Drop All
Stored Data

Cancel

Click

GOTO
INTRO

' Ciose Program '
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Introduction Page
This page contains two options: SL and QRA. The SLs module

(currently under development) is used for screening site-specific

data to identify chemicals that need to advance to QRA.

The Risk Assessment module performs QRA using site specific
chemicals and concentrations to provide a calculated hazard/risk.

VURAM

PRDEQ

@ > Introduction ﬂ/«u : 5' = Ok
h

Drop All o
Stored Data Cancel
L
Screening Level/ Quantitative Risk Drop All
Permit Tables ; Analysis ; . Stored Data
Click Click Click
! .
GOTO GOTO GOTO
RA sD VURAM
SL RA SD VURAM

VDEQ | 629 E. Main St. Richmond, VA 23219

28



Virginia Unified Risk Assessment Model User’s Guide | 2016

Standard Exposure Defaults Page

RSL exposure defaults and applicable VDEQ defaults are used
where RSL values are not provided. VDEQ defaults are labeled as
such.

There are 6 media specific tabs and a General tab, which includes
exposure defaults applicable to most or all media. These defaults

will also be displayed in the final report.

Note: Default values are displayed for reference only and not
editable. VDEQ will update exposure defaults in line with EPA RSL when applicable.

Standard Defaults

Read Only \ 4

Exposure Defaults Tab Group

General Page
Soil Page
Groundwater Page

Air Page

Surface Water Page

Sediment Page

Food Page
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SL Risk Assessment
SCREENING LEVELS MODULE UNDER DEVELOPMENT

For QRAs performed under CERCLA, Federal Facilities, VRP, and RCRA Corrective Action, SL risk
assessment is conducted to narrow down the list of site-specific constituents that need further
evaluation.

VDEQ is developing interactive screening tables. This section will be updated once the SL Risk
Assessment Module is incorporated into VURAM.

Note: Some of the SLs are determined by regulatory requirements and each program has its own set of
screening values.
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QRA Program Page

Selects regulatory program under which the QRA is being
conducted: RCRA Corrective Action, Hazardous Waste: Permitted
Facilities/RCRA Part B, Solid Waste, or Voluntary Remediation -
Program (VRP). [

Only one regulatory program can be selected per each QRA ==
calculation/report. This selection filters the chemicals available for
risk analysis. Ensure the program selected reflects the appropriate
regulatory program. If the regulatory program has not been
determined contact VDEQ project manager for input. VRP may be
selected for preliminary QRA if no regulatory program has been determined. Once a regulatory program
has been established for a site/unit QRA may need to be re-evaluated under the assigned program.

Note: Only one program may be selected per QRA.

Note: The VRP construction scenario exposure defaults for soils differ from other programs. VRP
exposure defaults are marked in the descriptions in both Appendix 4 and the Standard Defaults page.

Note: The Risk Analysis/Setup/Calculation boxes on the right side panel indicate the risk assessment
steps. The current step is shown in a darker shade.

m—I Risk Assessment Program rg. Quit Zymkm
v L \_/ Q
—————————
Cancel

y
Go Back ( select a Program )—g NEXT ; [ s"zr“;g 3';18 |

No

Selection

Inputs Complete? Validation

Q
2
)
e
—

S0
go
03
329
=
$8
£3
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QRA Setup Page
IMPROTANT! Site-specific COPCs and sample data should be collected and organized before beginning
QRA.

Select ONE study area (Residential, Industiral/Commercial,
Construction, Recreator, OR Trespasser). The selected regulatory
program is displayed in orange at the top of this and subsequent

pages.

The Chemicals List provides chemical details for risk assessors and
the interface to select site specific COPCs for ALL media identified in
the CSM. The scroll bar on the bottom of the list can be used to
view Analyte properties by scrolling right. Chemical names appear
in VURAM as they are listed in the RSL table.

NOTE: The Contaminates of Potential Concern may show multiple entries of the same Analyte from the
Chemical List. However, only one instance of each COPC will be stored for QRA computation.

NOTE: Only one study area can be selected per QRA. The study area selection and exposure pathway
selection must reflect the CSM.

IMPORTANT! Select ALL chemicals for all the media that need to be included in site risk assessment.
Returning to this page later in the VURAM process WILL cause all selections and entered data to be lost.

IMPORTANT! The selected risk level must be in consensus with VDEQ before it is entered in VURAM. If a
risk level other than default is chosen without consulting with, and obtaining prior approval, from VDEQ,
then the entered risk level may not be accepted as valid. See Acceptable Cancer Risk for more
information.
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Cancel

Setup

Select Study Area

Default Risk for
Each Chemical
default 1e-6

Default Risk for
All Chemicals
default 1e-4

Chemic al List

Go Back Fitered by Program Selection
Click
(remove)
Selected from Chemical List by <
X Removed by >
Warning
Message
Click
OK ¢

A

Drop Data from
Selected
Chemicals

Selection
Validation

Correct
Selections
(Red X)

Inputs Complete?

Standard Defaults QuIt

Automatic Save

Cancel

Warning
Message

Selected
Chemic als Ci K
Yes
Drop All
Stored Data
GOTO GOTO GO TO
CALC SD VURAM
CALC sD VURAM
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QRA Calculation Page

Before proceeding with QRA in VURAM data must be collected and the COPC concentrations must be
entered/converted to the appropriate units as required and entered into the Concentrations page for
each COPC selected in each media. Each media has a COPC list which may contain all or some of the site-
specific COPCs. The table below provides a hypothetical example of media specific COPCs.

Soil EPC Groundwater EPC Air EPC

cope A (mg/ke) (ug/L) (ug/m3)
Aluminum 7429-90-5 220500
Antimony (metallic) 7440-36-0 34.9 24.4 _
Arsenic, Inorganic 7440-38-2 91.4 939 _
Benzene 71-43-2 2.44 TR
Benzo[alpyrene 50-32-8 1.97 s
Mercury (elemental) 7439-97-6 2.8 _ 9.98
‘Trichloroethylene ‘79-01-6 |10.0 _‘15.1

Six page tabs for Soil, Groundwater, Air, Surface Water, Sediment,
and Food are available for QRA calculations based on Program and

Setup selections. The appropriate exposure pathways and receptors e

are either preselected or available for selection. Use this page to
select COPCs for each media to be included in the QRA based on the

CSM.

FOR EACH media to be included in the QRA select media specific
chemicals. Use the Enter Concentrations button to open the

Concentrations page to enter EPCs for each COPC. Once
concentrations have been entered and saved click the Calculate Media button to execute calculations

for the media entered a green check mark will appear for each media calculated. Repeat these steps for
each media. Once all media included in the CSM have been entered and calculated, click Calculate Total
Hazard/Risk Report to generate the final QRA Report.
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Calc ulation

r
Media Calk ulation Tab Group

Soil Page Chck

Groundwater Page
Calk ulate Total

Go Back Risk/Hazard Surface Water Page
Cancel Report Air Page
" Wamning
Chek Click Sediment Page Message
¢ Food Page ance
Warning Selec tion
Message Validation oK
3
GOTO
C.J*'.‘ CALC Cancel
EDI
Drop Al
Stored Data Inputs Complete? Yes Warning
Message
Mo Click
C t ) Drop Al
Se|g;:?ocns Start New Risk OK Stored Data
(Red X) Assessment
I
y Y
GOTO GO TO
e CALC il
ETUP, EDIA
SETUP CALC MEDIA REPORT CALC MEDIA VURAM
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Media options are restricted for calculation based on program and setup selections. If a media
calculation page is not available refer to the Media Calculations Table lists availability of media based on
the study area. Page availability in the table is marked as No and all exposure pathways and receptors
are marked as n/a. The example below shows the Surface Water media as unavailable for the
Industrial/Commercial study area, which reflects the table.

CALCULATION

|soiL | GROUNDWATER [ AIR | SURFACE WATER | SEDIMENT | FooD |
ER
Program: 3 > c Study Area:
Exj o A Pag » 0
@ | o
® Darmal @ Adult
........................... RISK
ANALYSIS
‘casno | analyte _ CASNO  Analyte
151207-31-9  2,3,7,8-TCDF ; | SETUP
i309-00-2  Aldrin

71-43-2 Benzene

A : ! Coneentrations
e = i

Quit

Caleculate Total
Risk/Hazard Report

Each media tab has options for QRA calculations. Select COPCs for each media being calculated and click
Enter Concentrations. Once concentrations have been entered and saved and Calculate Media run for
EACH medium indicated by the CSM then click Calculate Total Hazard/Risk Report. If a required media
tab is not available for the selected program and study area check that Setup and Program selections are
correct. Both program and study area selections are displayed in orange at the top of the page for ease
of reference.

IMPORTANT! At least one
COPC must be selected and
concentrations entered on a
given media tab before
clicking Calculate Media.
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NOTE: Construction Worker scenario uses subchronic toxicity values where available.

NOTE: Groundwater inhalation does NOT reflect the vapor intrusion pathway. Inhalation from
groundwater refers to the inhalation of vapors during all uses of household water (e.g., showering,
laundering, dish washing) and includes all possible exposures to volatilized air concentrations of
contaminants that derive from contaminated tapwater in a residence.

NOTE: Air concentrations —measured or calculated- in the air
medium and can be used for evaluation inhalation hazard/risk
from indoor (via vapor intrusion) or outdoor air exposure. The
concentration input for this tab includes ONLY ONE of the

following:

1. Measured concentration from one of the following data:
sub-slab, shallow gas, deep soil gas, indoor air samples, or

outdoor air samples.

2. Calculated air concentration from one of the following:

groundwater to indoor air calculations, output from air
dispersion model, or any model results used to generate fate-and-transport based air

concentration.

For vapor intrusion evaluation where multiple lines of evidence are used, enter the media concentration
that show maximum exceedance of screening levels (screening level module in VURAM is under
development, please use VRP and RCRA CA websites to obtain the screening tables).

NOTE: Residential risk
calculations for Surface Water
and Sediment are run on
recreator scenario values and
exposure defaults. An
information message is
provided for these media tabs
when the Residential study
area is selected.

NOTE: The Food tab is available for the residential study area
ONLY. Based on the CSM any combinations of Food Media may be
selected. At least one Food Media option must be included if Food

is included in QRA.

IMPORTANT! If QRA is non-residential and food risk is required
then a separate VURAM session to calculate potential hazard/risk
via food ingestion is necessary. In such case manually add food

hazard/risk to report totals for final QRA results.
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CALC
MEDIA ]
Media Calk ulation Tab Group
Soil Page
Groundwater Page

Surface Water Page
Air Page

Food Page

Sediment Page

| )

Enter

Exposure

Pathway Receptor Concentrations
Click
Groundwater
Contact Depth
Correct
Food Media Selections N Inputs Complete?

(Red X)

Media Selected
Chemicals List

Selected Chemicals List

r A

r

Calc ulate Media

Click

Inputs Complete?

Yes

>
(add) \ Select Al / \ (remove)

<

Calk ulate GO TO
Risk/Hazard CALC
Automatic Save

CALC MEDIA CON
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Media Calculations Table
Study Area

Media/Units

Industrial
/Commercial

Residential Construction Recreator Trespasser

Ingestion
Inhalation Yes Yes Yes Yes Yes
Dermal

Ingestion
Inhalation Yes n/a * n/a n/a
Dermal

Inhalation Yes Yes n/a n/a n/a

Child
Adult

n/a n/a n/a
n/a n/a n/a

Ingestion
Dermal

Child
Adult

Ingestion Yes
Inhalation Optional n/a
Dermal Yes

Optional Optional
Yes Yes

Child
Adult

Yes
Yes

Yes Yes

Yes

Ingestion Yes n/a n/a

Child N/A n/a n/a
Adult N/A n/a n/a n/a n/a
+ Soil Page NOT Available for Solid Waste Program Selection

*Exposure pathway for construction worker is dependent on depth to groundwater.

**Food calculations are not age specific. Hazard totals are reported under Non-Cancer Adult.
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The table at the bottom of the page is not available for data entry and may be
navigated by mouse or keyboard arrows. The record navigation buttons under
the concentration box each contain an underlined letter used for Alt+{Key}
(example Alt+N = Next >) navigation. Tab navigation is disabled for these
controls. The Enter/Return key will proceed to the next record when entering

concentration values. I

Enter EPCs in the appropriate concentration field for each chemical selected.
Concentrations entered must be greater than zero. Concentrations for ALL
chemicals must be entered before proceeding. Close the page using the Red

X/close button to return to the Calculations page if adding or removing
chemicals. When the concentration for the last chemical is entered, click

Finish and Save to return to the Calculations page.
NOTE: The last record will not display its value in table until saved or upon
navigation to another record. The value is recorded in the underlying table

once saved.

NOTE: Measured air concentration or calculated/modeled air concentrations

may be used as input. Measured indoor air concentrations, calculated indoor
air concentrations using measured sub-slab soil gas/shallow soil gas/deep soil
gas/groundwater, or calculated groundwater to shower air concentrations can be used in QRA to
estimate potential hazard/risk via air inhalation.

NOTE: Food media concentrations must be entered for ALL selected Food Media (Meat and Dairy, Eggs,
Fish and Shellfish, and Fruits and Vegetables).

Media Concentrations

Y

<Previous

Record Navigation
Group

Delete Record Finish and Save

Click

Inputs complete?

> Save
Ves ~
Concentrations

CALC MEDIA
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Understanding the Report

The Total Hazard/Risk Report is broken down by selected media and by

chemical. Individual hazard/risk levels are given for each selected chemical VURAM

and each applicable exposure pathway where all values necessary for .
ndustrial ulated Ris| zard Report

computation are available. Chemicals without computed hazard/risk values do Tob ok Vi e AN ek

not have associated values within VURAM and are reported as blank. VURAM
does not compute uncertainty. However, blank values must be included in
qualitative uncertainty discussion section of Risk Assessment report.

Media specific results for selected chemicals are displayed in the following
order: Surface Water, Soil, Sediment, Groundwater, Food, and Air. If a media

is not selected then it will not appear in the report.

For chemicals with both carcinogenic and non-carcinogenic effects hazard and risk are calculated. Non-
carcinogenic hazard quotients are calculated separately for adult and child where applicable.
Carcinogenic risk is lifetime and not calculated separately for adult/child. See the Media Calculations
Table for details.

Print and Close, Save to PDF and Close, and Close buttons are provided at the top of the report. The
user command buttons on the report are displayed in the on screen Report View only and will NOT be
visible or available in printed or PDF report outputs.

IMPORTANT! Once the report is closed changes can be made on the Calculation page as needed. Any
changes will require re-calculation of the media affected and of the Total Hazard/Risk Report. Closing
VURAM without saving/printing the report will result in the loss of ALL information entered. Ensure the
report is saved/printed before closing VURAM or MS Access.

To run a new risk assessment under same or different regulatory program Close the report and select
Quit from the Calculations page to return to the main VURAM page. Ensure the final report is saved with
all updates. A report for each QRA must be included in the final Human Health Risk Assessment report
submitted to VDEQ for review and approval. A PDF copy is recommended for records and for electronic
submission.

Note: Due to unique media selection for Food a sub-report is displayed when food is included in QRA.

Total hazard/risk for food appears in the main section of the report and is a sum of all selected food
media calculated. As with all other media, if food is not selected it will not appear in the report.
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Study Area Calk ulated \
REPORT Hazard/Risk Report
¥

¥

Print and Close

Save to PDF
and Close

Click

Open Print Dialog

Open Export as
PDF Dialog

\ Close f/ Click @

Select
Destination

CALC
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Report Title Page

Virginia Department of Environmental Quality

VURAM

Virginia Unified Risk Assessment Model
VERSION: 1.10

Residential Calculated Hazard/Risk Report

=

Total Hazard/Risk for All Media 2
Non-Cancer Adult Non-Cancer Child Cancer
Total: 2.17E+01 Total: 2.17E+01 Total: 1.10E-03
Hazard Exceeded! Hazard Exceeded! Risk Exceeded! 3

All Report Pages are Required for Risk Assessment Submission
DETAILED REPORT FOLLOWS

5

I~

Wednesday, October 05, 201 Page 1 of 7
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1. Report Title: Indicates version of VURAM and selected Study Area: Residential, Industrial
(Composite for soil), Construction, Recreator, or Trespasser.
NOTE: The version number is indicated in the report header. Check VDEQ website for the latest
version of VURAM and ensure it is used for risk assessment. The newest available version of
VURAM supersedes all previous versions.
Return to Title Page

2. Total Hazard/Risk: Calculated by summing hazard/risk from all chemicals and all exposure
pathways across all media for QRA. This represents site-wide QRA results to be used for risk
based decision making.
Note: Non-carcinogenic hazard quotients are calculated separately for adult and child where
applicable. Carcinogenic risk is lifetime and NOT calculated separately for adult/child.
Return to Title Page

3. Hazard/Risk Exceeded: Message highlights risk assessment totals that exceed site-wide risk
based performance criteria. This message will be visible ONLY if the site-wide risk based criteria
are exceeded.
Return to Title Page

4. Date Stamp: Pulled automatically from system time settings.
Return to Title Page

5. Page Number: Indicator automatically generated by VURAM.
Return to Title Page
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Detailed Report Main Section

6
Programx  RCRA Corrective Action =

Risk Based Performance Criteria

Default Hazard Index

Default Risk for Each Chemical

Default Risk for All Chemicals

1.00E+00 1.00E-06 1.00E-04
z
Soil 8
Analyte: Benzene 3
CAS: 71-43-2
Concentration: 1.00E+01 | mg/kg ﬂ Calculated Hazard/Risk Values 1—2
RfDo: 4.00E-03 Non-Cancer Adult Non-Cancer Child Cancer
RfCi: 10 3.00E-02 | |ngestion: 3.00E-03 Ingestion: 3.20E-02 Ingestion: 7.91E-07
SFO: 5.50E-02 | Dermal: Dermal: Dermal:
IUR: 7.80E-06 | Inhalation: 9.03E-02 Inhalation: 9.03E-02 Inhalation: 7.85E-06
Mutagen: Total: 9.33E-02 Total: 1.22E-01 Total: 8.64E-06
% Contribution to Media Hozord/Risk 47.28% 49,78% 95.32% E
14 Risk Exceeded! mg/kg Non-Cancer Adult Non-Cancer Child Cancer
— Recommended Acceptable Concentration N/A N/A 1.16E+00
Analyte: Tetrachloroethylene
CAS: 127-18-4
Cancentration: 1.00E+01  mg/kg Calculated Hazard/Risk Values
|RfDa: 6.00E-03 Non-Cancer Adult Non-Cancer Child Cancer
\RfCi: 4.00E-02 | |ngestion: 2.00E-03 Ingestion: 2.13E-02 Ingestion: 3.02E-08
SFO: 2.10E-03 | Dermal: Dermal: Dermal:
|UR: 2.60E-07 Inhalation: 1.02E-01 Inhalation: 1.02E-01 Inhalation: 3.94E-07
Mutagen: Total: 1.04E-01 Total: 1.23E-01 Total: 4.24E-07
% Contribution to Media Hozord/Risk 52.72% 50.22% 4.68%
mg/kg Non-Cancer Adult Nan-Cancer Child Cancer
Recommended Acceptable Concentration N/A N/A N/A E
Total Calculated Hazard/Risk For Media: Soil
Non-Cancer Adult Non-Cancer Child Cancer 16
Ingestion:  4.99E-03 Ingestion:  5.33E-02 Ingestion:  8.21E-07 =
Dermal: 0.00E+00 Dermal: 0.00E+00 Dermal: 0.00E+00
Inhalation: 1.92E-01 Inhalation:  1.92E-01 Inhalation: ~ 8.24E-06
Total: 1.97E-01 Total: 2.46E-01 Total: 9.06E-06
Wednesday, October 05, 2016 Page 2 of 7
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Program: RCRA Corrective Action

Risk Based Performance Criteria

Default Hazard Index Default Risk for Each Chemical Default Risk for All Chemicals
1.00E+00 1.00E-06 1.00E-04
Food
Analyte: Benzene
CAS: 71-43-2
Concentration: mg/kg Calculated Hazard/Risk Values
RfDo: 4.00E-03 Non-Cancer Adult Non-Cancer Child Cancer
RfCi: Ingestion: 1.29E+01 Ingestion: 1.29E+01 Ingestion: 1.05E-03
SFO: 17 5.50E-02 | Dermal: Dermal: Dermal: 18
IUR: Inhalation: Inhalation: Inhalation: -
Mutagen: Total: 1.29E+01 Total: 1.29E+01 Total: 1.05E-03
% Contribution to Media Hazard/Risk 60.00% 60.00% 96.32%
19 Hazard Exceeded Risk Exceeded! me/kg Non-Cancer Adult Non-Cancer Child Cancer
- Recormmended Acceptable Concentration  See Detailed Food Report See Detoiled Food Report See Detailed Food Report
Analyte: Tetrachloroethylene
CAS: 127-18-4 )
Concentration: mg/kg Calculated Hazard/Risk Values
RfDo: 6.00E-03 Non-Cancer Adult Non-Cancer Child Cancer
RFCi: Ingestion: 8.59E+00  Ingestion: 8.59E+00  Ingesti 4.02E-05
|SFO: 2.10E-02 | permal: Dermal: Dermal 20
IUR: Inhalation: Inhalatian: Inhalation:
Mutagen: Total: 8.59E+00 Total: 8.59E+00 Total: 4.02E-05
2% Contribution to Media Hazard/Risk 40.00% 40.00% 3.68%
Hazard Exceeded Risk Exceeded! mg/ke Non-Cancer Adult Non-Cancer Child Cancer
Recommended Acceptable Concentration  See Detailed Food Report See Detailed Food Report See Detailed Food Report

Total Calculated Hazard/Risk For Media: Food

Non-Cancer Adult Non-Cancer Child Cancer

Ingestion:  2.15E+01 Ingestion:  2.15E+01 Ingestion: ~ 1.09E-03

Dermal: 0.00E+00 Dermal: 0.00E+00 Dermal: 0.00E+00

Inhalation: 0.00E+00 Inhalation:  0.00E+00 Inhalation:  0.00E+00

Total: 2.15E+01 Total: 2.15E+01 Total: 1.09E-03

Wednesday, October 05, 2016 Page3of 7
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Program: RCRA Corrective Action

Risk Based Performance Criteria

Default Hazard Index Default Risk for Each Chemical Default Risk for All Chemicals

1.00E+00 1.00E-06

1.00E-04

Total Hazard/Risk for All Media

Non-Cancer Adult Non-Cancer Child
Ingestion: 2.15E+01 Ingestion:: 2.15E+01
Dermal: 0.00E+00 Dermal: 0.00E+00
Inhalation: 1.92E-01 Inhalation: 1.92E-01
Total: 2.17E+01 Total: 2.17E+01

Hazard Exceeded! Hazard Exceeded!

Wednesday, October 05, 2016

Cancer
Ingestion:: 1.09E-03
Dermal: 0.00E+00
Inhalation: 8.24E-06
21
Total: 1.10E-03
Risk Exceeded!
Page 4 of 7
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10.

11.

12.

13.

14.

15.

Program: Reflects selection from Program page.

Return to Detailed Report

Risk Based Performance Criteria: Default Risk for Each Chemical and Default Risk for All
Chemicals selected from Setup page. See Acceptable Noncancer Hazard and Cancer Risk for
more information regarding selection options.

Note: Default Hl is always 1.

Return to Detailed Report

Media Header: Found at the top of each group of chemicals analyzed. Media header is repeated
on each page that contains analyzed chemicals.

Return to Detailed Report

CAS and Analyte: Chemical CAS and chemical name.

Return to Detailed Report

Chemical Specific Values: Concentrations entered on Media Concentrations pages. RfDo, RfCi,
SFO, IUR, and Mutagen pull from chemical information tables in VURAM. Chemical specific
values are displayed on the Setup page Chemical List.

Return to Detailed Report

Units: Indicates the units in which EPCs are to be entered into VURAM. Units are media specific
and hard coded.

Return to Detailed Report

Calculated Hazard/Risk Values Table: Results are reported when all chemical values necessary
for computation are available. Table totals are simple sums of columns.

Return to Detailed Report

% Contribution to Media Risk: This represents percentage contribution of hazard/risk from a
chemical to the overall media hazard/risk. This value helps identify hazard/risk driver(s) for each
media and can guide management —based remediation/cleanup decisions.

Return to Detailed Report

Hazard/Risk Exceeded: Messages displayed ONLY when individual risk for a chemical exceeds
default acceptable risk (1E-6 or selected default) or when HQ exceeds default acceptable hazard
quotient of 1. When individual risk/HQ is below threshold levels these messages will not show in
the report.

Return to Detailed Report

Recommended Acceptable Concentrations: These values are calculated for COPCs that exceed
selected risk based performance criteria for individual risk OR HQ. These concentration levels
that will meet Hi/risk based performance criteria/goal for each chemical for the applicable
media and may be considered as final clean-up goal for human health, direct contact, or for
initiating site-specific project-management based decision making.

These cleanup goals are strictly based on the use of available site specific data and do not reflect
management option and/or decisions or regulatory program needs. These values are calculated
for Residential and Industrial reports ONLY. If hazard/risk levels are not exceeding the risk based
performance goals N/A will be displayed. If these concentrations are used as final
remediation/cleanup goals and the facility demonstrates that the media has met these
concentration levels then a follow-up/post-remediation QRA is not needed.

Note: If different acceptable concentrations for carcinogenic and non-carcinogenic effect are
provided, the lower of the two concentrations must be used as remediation/cleanup goal.
Note: Groundwater cleanup goals are designed to protect human health risk via drinking water
regardless of projected water use or MCLs. These goals must be evaluated, and modified if
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16.

17.

18.

19.

20.

21.

needed, against fate and transport requirements.
Return to Detailed Report

Media Totals: Media-specific sum of hazard/risk for all chemicals and exposure pathways for
specific media ONLY.

Return to Detailed Report

Food Concentrations: Not shown on the main report section, displayed by food media on the
Detailed Food Report subsection.

Return to Detailed Report

Food Recommended Acceptable Concentrations: Sum of hazard/risk for all selected food media
(fish and shellfish, eggs, meat and dairy, and/or fruits and vegetables) for each chemical. Food
media details can be found in Detailed Food Report section of the report.

NOTE: Non-carcinogen food calculations are not age specific. Non-Cancer hazard is reported to
BOTH Child and Adult receptors.

Return to Detailed Report

Food Analyte Totals: Not shown on main report section, values are calculated for selected food
media (fish and shellfish, eggs, meat and dairy, and/or fruits and vegetables) for each chemical
in Detailed Food Report section of the report.

Return to Detailed Report

Food Media Totals: Sum of hazard/risk for all selected food media (fish and shellfish, eggs, meat
and dairy, and/or fruits and vegetables) for all chemicals in Food media calculation.

NOTE: Non-carcinogen food calculations are not age specific. Non-Cancer hazard is reported to
BOTH Child and Adult receptors.

Return to Detailed Report

Total Hazard/Risk for All Media: Site wide hazard/risk for all selected media. Calculated by
summing hazard/risk from all chemicals and all exposure pathways across all media for QRA.
These totals are also displayed on the report Title Page.

Return to Detailed Report
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Detailed Food Report Subsection

Program:  RCRA Corrective Action

Risk Based Performance Criteria

Default Hazard Index Default Risk for Each Chemical Default Risk for All Chemicals
1.00E+00 1.00E-06 1.00E-04

Detailed Residential Food Report

Analyte: Benzene
CAS: 71-43-2

Concentrations  (mg/kg) 22 Calculated Hazard/Risk Values 23
Meat/Dairy: 10 —d Non-Cancer Cancer —
Eggs: 10 Meat/Dairy: 8.39E+00 Meat/Dairy: 6.86E-04
Fish/Shellfish: Eggs: 4.49E+00 Eggs: 3.67E-04
Fruits/Vegetables: Fish/Shellfish: Fish/Shellfish:
Fruits/Vegetables: Fruits/Vegetables:
25 Total: 1.29E+01 Total: 1.05E-03 H
% Contribution to Media Risk 60.00% 96.32%
26 Hazard Exceeded! Non-Cancer 1.19€+00 2.22E+00 N/A N/A
Risk Exceeded! Cancer 1.46E+04 2.72E+04 N/A N/A

Analyte: Tetrachloroethylene
CAS: 127-18-4

Concentrations  {mg/kg) Calculated Hazard/Risk Values
Meat/Dairy: 10 Non-Cancer Cancer
Eggs: 10 Meat/Dairy: 5.59E+00 Meat/Dairy: 2.62E-05
Fish/Shellfish: Eggs: 3.00E+00 Eggs: 1.40E-05
Fruits/Vegetables: Fish/Shellfish: Fish/Shellfish:
Fruits/Vegetables: Fruits/Vegetables:
Total: B.59E+00 Total: 4.02E-05
% Contribution to Media Risk 40.00% 3.68%
ecommended Acceptable Concentrations  Meat/Dairy Eagas Fish/Shellfish Fruits/Vegetables
Hazard Exceeded!  Non-Cancer 1.79E+00 3.34E+00 N/A N/A
Risk Exceeded! Cancer 3.82E+05 7.13E+05 N/A N/A
Total Hazard/Risk For Media: Detailed Food 57
Non-Cancer Cancer
Meat and Dairy: 1.40E+01 Meat and Dairy: 7.12E-04
Eggs: 7.49E+00 Eggs: 3.81E-04
Fish and Shellfish: 0.00E+00 Fish and Shellfish: 0.00E+00
Fruits and Vegetables: 0.00E+00 Fruits and Vegetables: 0.00E+00
Total: 2.15E+01 Total: 1.08E-03
Wednesday, October 05, 2016 Page 5 of 7

VDEQ | 629 E. Main St. Richmond, VA 23219

50



Virginia Unified Risk Assessment Model User’s Guide | 2016

22.

23.

24.

25.

26.

27.

Food Media Concentrations: Entered on Media Concentration pages. Displays only food group
specific EPC. For chemical specific parameters see the Food Section of the Main Report.

Return to Detailed Food Report

Calculated Hazard/Risk Values Table: Results are reported when all necessary for computation
are available. Each column provides food-group specific hazard/ risk.

Note: Concentrations MUST be entered for all food media selected. Therefore food media not
selected will not have totals.

Return to Detailed Food Report

Total: These are sum of hazard/risk from all food media for each chemical. This value is same as
what is displayed on the Food section of the main Report.

Return to Detailed Food Report

% Contribution to Hazard/Risk: This represents percentage contribution of hazard/risk from a
chemical to the overall food hazard/risk. This value helps identify hazard/risk driver(s), which in
turn can help make management-based remediation/cleanup decisions.

Return to Detailed Food Report

Recommended Acceptable Concentration: Displays acceptable concentration for each food
group. These calculated values are shown for chemicals that exceed risk based performance
criteria/goal for individual hazard/risk. If multiple acceptable levels are provided the lowest
value must be selected as remediation/cleanup goal or site specific management-based decision
making. Where hazard/risk levels are not exceeding the risk based performance goals N/A is
displayed.

Return to Detailed Food Report

Total Hazard/Risk Food: Represent the sum of hazard/risk from all chemicals for each food
media and total hazard/risk from all chemicals and all food media combined. This value is also
reported in the Food section of the Main Report under BOTH Non-Cancer Child and Non-Cancer
Adult.

Return to Detailed Food Report
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Report Exposure Defaults

Program:  RCRA Corrective Action

Risk Based Performance Criteria

Default Hazard Index

Default Risk for Each Chemical

Default Risk for All Chemicals

1.00E+00 1.00E-06

Residential Exposure Default Values |

1.00E-04

Description Value
Residential Soil Adherence Factor - adult (mg/cm2) 0.07
Residential Soil adherence Factor - child {(mg/cm2) 0.2
Residential Averaging Time (days/yr) 365
Residential Body Weight - adult (kg) 80
Residential Body Weight - child (kg} 15
Residential Soil Mutagenic Dermal Contact Factor - age adjusted (mg/kg) 428260
Residential Soil Dermal Contact Factor - age adjusted (mg/kg) 103390
Residential Groundwater Mutagenic Dermal Contact Factor - age adjusted (cm2-event/kg) 8191633
Residential Groundwater Dermal Contact Factor - age adjusted (cm2-event/kg) 2610650
Residential Total Exposure Duration - child + adult (yr) 26
Residential Exposure Duration - adult (yr) 20
Residential Exposure Duration - child (yr) 6
Residential Exposure Frequency (days/yr) 350
Residential Exposure Frequency - adult (days/yr) 350
Residential Exposure Frequency - child (days/yr) 350
Residential Air Inhalation Exposure Time (hrs/day} 24
Residential Exposure Time - adult (hrs/day) 24
Residential Exposure Time - child (hrs/day) 24
Residential Groundwater Exposure Time -adult (hr/event) 0.71
Residential Groundwater Exposure Time -age adjusted (hr/event) 0.6708
Residential Groundwater Exposure Time - child (hr/event) 0.54
Residential Groundwater Inhalation Exposure Time (hrs/day) 24
Residential Soil Exposure Time (hrs/day) 24
Residential Groundwater Events (event/day) 1
Wednesday, October 05, 2016 Page 6 of 7
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Program:  RCRA Corrective Action

Risk Based Performance Criteria

Default Hazard Index Default Risk for Each Chemical Default Risk for All Chemicals
1.00E+00 1.00E-06 1.00E-04

Residential Mutagenic Drinking Groundwater Ingestion Rate - age adjusted (L/kg) 1019.9
Residential Mutagenic Soil Ingestion Rate - age adjusted (mg-yr/kg-day) 166833.33
Residential Drinking Groundwater Ingestion Rate - age adjusted (L/kg) 327.95
Residential Soil Ingestion Rate - age adjusted (mg-yr/kg-day) 36750
Residential Air Inhalation Exposure Duration Mutagen Calculated - age adjusted (hr) 604800
Residential Groundwater Inhalation Exposure Duration Mutagen Calculated - age adjusted (d 25200
Residential Soil Inhalation Exposure Duration Mutagen Calculated - age adjusted (days) 25200
Residential Food Eggs Ingestion Rate (mg/day) 150000
Residential Food Fish/Shellfish Ingestion Rate (mg/day) 54000
Residential Food Fruit/Vegetables Ingestion Rate (mg/day) 122000
Residential Food Meat/Dairy (mg/day) 280000
Residential Soil Ingestion Rate - adult (mg/day) 100
Residential Soil Ingestion Rate - child (mg/day) 200
Residential Drinking Groundwater Ingestion Rate - adult (L/day) 2.5
Residential Drinking Groundwater Ingestion Rate - child (L/day) 0.78
LifeTime Residential/Industrial/Construction/Recreator/Trespasser (yrs) 70
Residential Soil Surface Area - adult (cm2/day) 6032
Residential Soil Surface Area -child (cm2/day) 2373
Residential Water Surface Area - adult {cm2/day) 19652
Residential Water Surface Area -child {(cm2/day) 6365
Wednesday, October 05, 2016 Page 7 of 7
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28. Exposure Defaults: List of exposure defaults used for the calculations displayed for information
purposes and for documenting input assumptions for QRA.
Note: This list contains ALL defaults needed for study-area specific calculations and may include
exposure defaults for media that were not selected in the QRA.
Return to Report Exposure Defaults
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Appendices

Appendix 1. Full Size Page Images

All image option selections, chemicals, and concentration values are for demonstrative purposes ONLY
and do not represent any actual site data or analysis. Individual model runs of VURAM will be site-
specific. Return to Detailed Page links below each image will return to the corresponding page under the
Using VURAM Software Model section of this manual.

VURAM

VURAM

Virginia Unified Risk Assessment Model

VERSION: 1.10

VIRGINIA DEPARTMENT OF [ Close Program ]

ENVIRONMENTAL QUALITY

Return to Hyperlink Example

Return to Detailed Page
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Introduction

INTRODUCTION

VURAM

Virginia Unified Risk Assessment Model

VIRGINIA DEPARTMENT OF

ENVIRONMENTAL QUALITY

Screening Level/Permit
Tables

Quantitative Risk
Analysis

View Standard Defaults

Return to Detailed Page
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Program

4
PROGRAM

QUANTITATIVE RISK ASSESSMENT

Select a Program

RCRA Corrective Action® -

Hazardous Waste: Permitted Faciliies/RCRA Part B

Solid Waste SETUP

Voluntary Remediation Program (VRP)

CALCULATION

*Calculations follow CERCLA/Superfund and Federal Facilities risk assessment paradigm.

Return to Detailed Page
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Setup

SETUP

SETUP

Program: RCRA Corrective Action

Study Area Default Risk for Each Chemical Default Risk for All Chemicals

& Residential  ie-5 & ie-4
® Industrial/ Commercial | Lo
& Construction F 1e-6 IS
& Recreator ‘

ie-5

le-6

& Trespasser

RISK
ANALYSIS

Chemical List: Contaminants of Potential Concern (COPCs):

CasNo |Analyte  Isfog

casne Analyte =
5344-82-1 1- (o-Chlorophenyl)thiourea [
591-08-2 1- Acetyl-2-thiourea
1464-53-5 1,2:3,4-Diepoxybutane
540-59-0 1,2-Dichloroethene (total)
75-55-8 1,2-Propylenimine
541-73-1 1,3-Dichlorobenzene [meta) 5.4
1120-71-4 1,3-Propane sultone
130-15-4 1,4-Naphthoguinone
134-32-7 1-Naphthylamine
53535-27-6 2,3,4,6-tetrachlorophenocl, potassium ¢
255675-5-9 2,3,4,6-tetrachlorophenal, sodium salt
51207-31-9 2,3,7,8-TCDF :
Q7-AE-N 7 A-Nirhlarankhanal R

View Standard Defaults
Gao Back

CALCULATION

II

Return to Detailed Page
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Standard Defaults

| DEFAULTS

GENERAL [SOIL | GROUNDWATER | AIR | SURFACE WATER | SEDIMENT | FOOD |

GENERAL

[+

3&5| |Con struction Worker Averaging Time (days/year)

3ﬁ5| |Residentia| Averaging Time (days/year)

3&5| |Recreator Averaging Time (days/year}

365| |Trespa sser Averaging Time (days/year)

365| |Worker Averaging Time (days/year)

80| |Con struction Worker Body Weight (kg)

15| |Residentia| Bady Weight - child (kg)

mi |Recreat0r Body Weight - aduit (Kg)

15| |Recreator Body Weight - child (Kg)

SOI |Trespasser Body Weight- adult (kg)

15| |Trespa sser Body Weight - child (kg}

| |
| |
| |
| |
| |
| |
| 50| |Residentia| Body Weight - adult (kg) ‘
| |
| |
| |
| |
| |
[ |

anl \narkar Bady Waimht lleal

Return to VUORAM

Return to Detailed Page
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Soil Calculations

-
CALCULATION
SOIL | GROUNDWATER | AIR | SURFACE WATER | SEDIMENT | FooD |
Program: RCRA Corrective Action Study Area:
@ TIr
® Dermal RISK
,,,,,,,,,,,,,,,,,,,,,,,,,,,,, : ANALYSIS
COPCs: Soil COPCs:
CAS NO | Analyte - CAS NO \Analyte Concentration
67-64-1 Acetone [ > (mg/ke) SETUP
7440-38-2 Arsenic, Inorganic
A Betene Select All Enter
12789-03-6 Chlordane ot e
72-54-8 DDD
72-20-8 Endrin
78-59-1 Isophorone
1746-01-6 TCDD. 2.3.7.8- i
Quit
Caleulate Soil
Go Back
Calculate Total
Risk/Hazard Report

Return to Detailed Calculation Page

Return to Detailed Media Specific Calculation Page
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Groundwater Calculations

CALCULATION

SOIL | GROUNDWATER |AIR | SURFACE WATER | SEDIMENT | FooD |

INDW 2
Study Area: Resid al
Receptor o
{® chid
Groundwater Contact Depth i @ ;
: Adult
{ @ Indirect Greater thanasft T YRISIS
i @ Direct Less than 15ft e
COPCs Groundwater COPCs:
(CASNO |Analyte i .CASNO [Analyte Coneentration
et ston 1 | s seTup
17440-38-2 Arsenic, Inorganic ;
71-43-2 Benzene : : :
| : Select All ; i Enter
112789-03-6 Chlordane : : :
172548 DDOD : i ;
72:20-8 Endrin
178-59-1 Isophorone
' 1746-01-6 TCDD. 2.3.7.8- bt 3 :
Quit
Calculate
Go Back Groundwater
Caleulate Total
Risk/Hazard Report

Return to Detailed Media Calculation Page
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Air Calculations

CALCULATION

'soiL | GrounDwaTER AR |SURFACE WATER | sEDIMENT [Foop |

AT

Program: RCRA Corrective Action

Study Area: Residential
Exposure Pathway o Receptor o
{ @ Inhalation { ® Child
---------------------------------------- & Adule
COPCs: Air COPCs:
‘CASNO | Analyte - ‘CAS NO |Analyte Concentration
67-64-1 Acetone [ | (ug/m3)
57440—38—2 Arsenic, Inorganic |
§71—43—2 Benzene SelectAll Enter
:12789-03-6 Chlordane - Concentration
:72-54-8 DDD
i72-208 Endrin
1 78-59-1 |Isophorone :
:1746-01-6 TCDD. 2.3.7.8- ik
Quit
Calculate Air
Go Back

Calculate Total
Risk/Hazard Report

RISK
ANALYSIS

SETUP

Return to Detailed Media Calculation Page
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Surface Water Calculations

CALCULATION
|solL | GROUNDWATER [ AIR | SURFACEWATER | SEDIMENT | Foop |
SURFACE WA
Program: RCEA Corrective Action Study Area: Residential
Exposure Pathway 0
® Ingestion
® Dermal
............................. RISK
ANALYSIS
COPCs: Surface Water COPCs:
casno [Asiyte - cRsNo [ansiye i Son e
67-64-1 Acetone (: ; (ug/L) SETUP
7440-38-2 Arsenic, Inorganic :
71-43-2 Benzene : | i
: Select All [ : Enter
12789-03-6 Chlordane : : :
72-54-3 DDD : : : }
72208 Endrin
78-59-1 Isophorone
1746-01-6 TCDD. 2.3.7.8- he : i

Caleulate
Go Back Surface Water

Caleulate Total
Risk/Hazard Report

Return to Detailed Media Calculation Page
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Sediment Calculations

CALCULATION

|soi. | GrRounDwaTER [ AR | surFacE waTER | SEDIMENT |Foop |

Program: RCRA Corrective A

O Ingestion

Q Inhalation

2} Dermal R RISK
ANATLYSIS
COPCs: Sediment COPCs:

{CAS NO | Analyte - CASNO |Analyte Coneentration
67-64-1 Acstone [ (mg/kg) SETUP
i7440-38-2 Arsenic, Inorganic

171-43-2 Benzene

: Enter
:12789-03-6 Chlordane Select All Conecentration
172-54-8 DDD

172-20-8 Endrin
:178-59-1 Isophorone
:1746-01-6 TCDD, 2,3,7,8-

Go Back

I

Calculate
Sediment

Calculate Total
Risk/Hazard Report

Return to Detailed Media Calculation Page
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Food Calculations

CALCULATION
[soi | erounowaTer AR | surrace waTer | sepivent| Foop |
FOOD
Program: RCRA Coirective Action Study Area: Residential
Exposure Pathway o Receptor o
"""""""""""""""""""""" Food Media .
® Ingestion ) Child
! OMeatand Dairy O Fishand Shellfish Adult
g RISK
 Eggs O Fruits and Vegetables ANALYSIS
COPCs: ' Food COPEs:
{CASNO | Analyte - CAS No | Analyte g Congentration
(67-64-1 Acetone 3 : (mg/kg) SETUP
(7440-38-2 Arsenic, Inorganic
171-43-2 Benzene

: Select All Enter
:12789-03-6 Chlordane i |Conceniration
:72-54-8 DDD

172-20-8 Endrin
:78-59-1 Isophorone d
{1746-01-6 i

| 7DD, 2,3,7,8 -

Go Back

Caleculate Total
Risk/Hazard Report

Return to Detailed Media Calculation Page
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Media Concentrations - Excluding Food

( | fi
5] SOIL CONCENTRATIONS. e
5 =

CAS NO: 67-64-1
!
Analyte: Acetone
| Enter concentration for individual chemical HERE: | .
Concentration (mg/kg): |4
! <« First H < Previous H Next > H Last >> ‘
‘ Finish and Save ‘
Table below is locked for editing. Select the chemical by row.
Enter concentrations above.
To add or remove chemiecals close this form and use list on Caleulations page. =
CAS NO | Analyte | Concentration (mg/kg)
87641 Acetone
| 305-00-2 Aldrin
. |71-43-2 Benzene
12783036 | Chlordane !
| 79-01-6 Trichloroethylene
75-01-4 Vinyl Chioride
Analyte M 1of6 b M ! W Mo Filter ! Search E
)

b

Return to Detailed Page
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Food Concentrations

o = B
5] FOOD CONCENTRATIONS. |£J
» = — ———— &

CAS NO: i12?35to3-5 ‘
Ll
Analyte: Ichlordane ‘
|
| Enter concentration for individual chemical HERE: |
Meat and Dairy Concentration (mg/kg): ‘ ‘ ‘
Eggs Concentration (mg/kg): ‘ ‘
Fish and Shellfish Concentration (mg/ks): ‘ ‘ ‘ ‘
Fruits and Vegetables Conceniration (mg/kg): i ‘ ‘
<< First " < Previous " Next > " Last >> ‘
! ! |
l Finish and Save l |
Table below is locked for editing. Select the chemical by row.
Enter concentrations above.
To add or remove chemicals close this form and use list on Caleulations page. =
CASNO | Analyte ! Meat and Dairy Concentration {mg/kg) | Eggs Concentration (mg/kg) | Fish and Shellfish Concentra
| [12789-03-6 Chlordane
| |309-00-2 Aldrin
| |67-64-1 Acetone
| | 71432 Benzene
| |75-01-4 Vinyl Chloride
79-01-6 Trichloroethylene
Analyte 4 < 1of6 | b M 1 | Mo Filter | Search AL M [p

Return to Detailed Page
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Report View

Virginia Department of Environmental Quality

VURAM

Virginia Unified Risk Assessment Model
VERSION: 1.10

Construction Calculated Risk/Hazard Report
Total Risk/Hazard for All Media

Non-Cancer Adult Cancer
Total: 0.00E+00 Total: 0.00E+00
hazard not exceeded risk not exceeded

Print and Close Close

and Close

Save to PDF ‘

All Report Pages are Required for Risk Assessment Submission
DETAILED REPORT FOLLOWS

Program: Hazardous Waste: Corrective Action (Federal Facilities; Superfund)

Risk Based Performance Criteria
Default Risk for Each Chemical Default Risk for All Chemicals Default Hazard Index
1.00E-06 1.00E-04 1.00E+00

Return to Detailed Page
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Appendix 2. Risk Calculation Equations

Hazard/Risk values are done by calculations in VURAM based on the RSL equations provided by EPA RSL
website. However, the computation within VURAM is done by solving for THQ/TR with a given
concentration in place of SL. Therefore, the VURAM calculations are an algebraic rearrangement of the
equations below. An example of the algebraic process follows for both THQ and TR using residential soil
equations with an ingestion exposure pathway.

Site specific exposure defaults, documented and approved by VDEQ, may be used in the EPA hazard/risk
calculation equations where appropriate. Such calculations must be manually added to the calculated
hazard/risk for the media and total hazard/risk for the entire site.

Quick Reference Equations Table

Algebraic Process Example for Solving for VURAM computations

EPA RSL Equation Abbreviations

Residential Equation

Soil

Groundwater

Air

Sediment

Surface Water

Food

Industrial Commercial Worker Equations

Soil Composite Worker

Air

Construction

Soil

Groundwater

Recreator

Soil or Sediment

Surface Water

Trespasser

Soil or Sediment

Surface Water

VDEQ | 629 E. Main St. Richmond, VA 23219
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Algebraic Process Example for Solving for VURAM computations
Solving for Hazard Quotient for Residential Soil noncarcinogenic Ingestion Child
EPA provides equations for calculating in the following format:

THQ x ATressc x EDrese x BWresse

EFressc x EDressc x % x IRSresse x 10°°

SLres — soil — ne — inge =

Where:

SLres-soil-nc-ingc = SL residential soil noncarcinogen ingestion child
THQ =Target Hazard Quotient

ATressc = Averaging Time residential soil child

EDresc = Exposure Duration residential child

BWeressc = Body Weight residential soil child

EFressc = Exposure Frequency residential soil child

EDressc = Exposure Duration residential soil child

RBA = Relative Bioavailability

RfDo = Refernce Dose Oral

IRSressc =Ingestion Rate Soil residential Soil child

VURAM equations follow the following form by solving for THQ:

EFressc x EDressc x % x IRSressc x 10°°

ATresse x EDresse x BWresse

HQres — soil — ne —inge = CON x

Where:

HQres-soil-nc-ingc = Hazard Quotient residential soil noncarcinogen ingestion child
CON =Concentration

ATressc = Averaging Time residential soil child

EDresc = Exposure Duration residential child

BWressc = Body Weight residential soil child

EFressc = Exposure Frequency residential soil child

EDressc = Exposure Duration residential soil child

RBA = Relative Bioavailability

RfDo = Refernce Dose Oral

IRSressc =Ingestion Rate Soil residential Soil child
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Solving for Risk for Residential Soil carcinogenic Ingestion
EPA provides equations for calculating in the following format:

TH »x ATress x LT
CSFo x RBA x IFSres —adj x 10°°

SLres — soil — ¢ —ing =

Where:

SLres-soil-c-ing = SL residential soil carcinogen ingestion
TR =Target Risk

ATress = Averaging Time residential soil

LT = Life Time

CSFo = Cancer Slope Factor Oral

IFSres-adj = Ingestion Rate residential age adjusted

VURAM equations follow the following form by solving for Risk:

C'SFo x RBA x IFSres —adj x 10 °
ATress x LT

Riskres — soil — e —ing = CON x

Where:

Riskres-soil-c-ing = Risk residential soil carcinogen ingestion
CON =Concentration

ATress = Averaging Time residential soil

LT = Life Time

CSFo = Cancer Slope Factor Oral

RBA = Relative Bioavailability

IFSres-adj = Ingestion Rate residential age adjusted

EPA RSL equation give values within the equation layout for some exposure defaults. The format above
reflects the Residential Soil equation for the case of noncarcinogenic-child and carcinogenic on the
ingestion exposure route without these values for mathematical clarity. A complete list of exposure
defaults used in VURAM can be found in Appendix 4.

Concentrations (CON) are site specific and entered into VURAM thought the media specific
Concentration pages.

Return to Equations Table
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EPA RSL Equation Abbreviations

This table is available from EPA RSL User’s Guide and is only applicable to the equations in this appendix.

Symbol

Definition (units)

S I-res—air—ca

Resident Air Carcinogenic (ug/m°)

SI-res—air—ca—vinyl chloride

Resident Air Carcinogenic Vinyl Chloride (ug/m’)

S I-res—air—mu

Resident Air Mutagenic (ug/m°)

S I-res—air—nc

Resident Air Noncarcinogenic (ng/m°)

S Lres—fsh—ca—ing

Resident Fish Carcinogenic (mg/kg)

S Lres—fsh—nc—ing

Resident Fish Noncarcinogenic (mg/kg)

S Lwater-ca—ing

Resident Tapwater Groundwater Carcinogenic Ingestion (ug/L)

S I-water—ca—der

Resident Tapwater Groundwater Carcinogenic Dermal (ug/L)

S I-water-ca—inh

Resident Tapwater Groundwater Carcinogenic Inhalation (pg/L)

S Lwater—ca—tot

Resident Tapwater Groundwater Carcinogenic Total (ug/L)

S I-res—water—ca—vc—ing

Resident Tapwater Groundwater Carcinogenic Vinyl Chloride Ingestion (ug/L)

S Lres—water—ca—vc—der

Resident Tapwater Groundwater Carcinogenic Vinyl Chloride Dermal (ug/L)

S I-res—water—ca—vc—inh

Resident Tapwater Groundwater Carcinogenic Vinyl Chloride Inhalation (ug/L)

S Lres—water—ca—vc—tot

Resident Tapwater Groundwater Carcinogenic Vinyl Chloride Total (ug/L)

SI-water—mu—ing

Resident Tapwater Groundwater Mutagenic Ingestion (ug/L)

SI-water—mu—der

Resident Tapwater Groundwater Mutagenic Dermal (ug/L)

SI-water—mu—inh

Resident Tapwater Groundwater Mutagenic Inhalation (ug/L)

S Lwater-mu—tot

Resident Tapwater Groundwater Mutagenic Total (ug/L)

SI-water—nc—ing

Resident Tapwater Groundwater Noncarcinogenic Ingestion (ug/L)

SI-water—nc—der

Resident Tapwater Groundwater Noncarcinogenic Dermal (pg/L)

SI-water—nc—inh

Resident Tapwater Groundwater Noncarcinogenic Inhalation (pg/L)

S Lwater—nc—tot

Resident Tapwater Groundwater Noncarcinogenic Total (pg/L)

S Lres—sol—ca—ing

Resident Soil Carcinogenic Ingestion (mg/kg)

S I-res—sol—ca—der

Resident Soil Carcinogenic Dermal (mg/kg)

S I-res—sol—ca—inh

Resident Soil Carcinogenic Inhalation (mg/kg)

S Lres—sol—ca—tot

Resident Soil Carcinogenic Total (mg/kg)

S Lres—sol—ca—vc—ing

Resident Soil Carcinogenic Vinyl Chloride Ingestion (mg/kg)

S I-res—sol—ca—vc—der

Resident Soil Carcinogenic Vinyl Chloride Dermal (mg/kg)

S I-res—sol—ca—vc—inh

Resident Soil Carcinogenic Vinyl Chloride Inhalation (mg/kg)

S Lres—sol—ca—vc—tot

Resident Soil Carcinogenic Vinyl Chloride Total (mg/kg)

S I-re_-s—sol—mu—ing

Resident Soil Mutagenic Ingestion (mg/kg)

S I-res—sol—mu—der

Resident Soil Mutagenic Dermal (mg/kg)

S I-re_-s—sol—mu—inh

Resident Soil Mutagenic Inhalation (mg/kg)
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S Lres-sol-mu-tot

Resident Soil Mutagenic Total (mg/kg)

S Lres-sol-nc-ing

Resident Soil Noncarcinogenic Ingestion (mg/kg)

S Lres-sol-nc-der

Resident Soil Noncarcinogenic Dermal (mg/kg)

S Lres-sol-nc-inh

Resident Soil Noncarcinogenic Inhalation (mg/kg)

S Lres-sol-nc-tot

Resident Soil Noncarcinogenic Total (mg/kg)

S Lw-sol-ca-ing

Composite Worker Soil Carcinogenic Ingestion (mg/kg)

S Lw-sol-ca-der

Composite Worker Soil Carcinogenic Dermal (mg/kg)

S Lw-sol-ca-inh

Composite Worker Soil Carcinogenic Inhalation (mg/kg)

S Lw-sol-ca-tot

Composite Worker Soil Carcinogenic Total (mg/kg)

SI-w-sol-nc-ing

Composite Worker Soil Noncarcinogenic Ingestion (mg/kg)

S Lw-sol-nc-der

Composite Worker Soil Noncarcinogenic Dermal (mg/kg)

SI-w-sol-nc-inh

Composite Worker Soil Noncarcinogenic Inhalation (mg/kg)

S Lw-sol-nc-tot

Composite Worker Soil Noncarcinogenic Total (mg/kg)

SI-iw-sol-ca-ing

Indoor Worker Soil Carcinogenic Ingestion (mg/kg)

SI-iw-sol-ca-der

Indoor Worker Soil Carcinogenic Dermal (mg/kg)

SI-iw-sol-ca-inh

Indoor Worker Soil Carcinogenic Inhalation (mg/kg)

S Liw-sol-ca-tot

Indoor Worker Soil Carcinogenic Total (mg/kg)

SI-iw-sol-nc-ing

Indoor Worker Soil Noncarcinogenic Ingestion (mg/kg)

SI-iw-sol-nc-der

Indoor Worker Soil Noncarcinogenic Dermal (mg/kg)

SI-iw-sol-nc-inh

Indoor Worker Soil Noncarcinogenic Inhalation (mg/kg)

S Liw-sol-nc-tot

Indoor Worker Soil Noncarcinogenic Total (mg/kg)

S Low-sol-ca-ing

Outdoor Worker Soil Carcinogenic Ingestion (mg/kg)

S Low-sol-ca-der

Outdoor Worker Soil Carcinogenic Dermal (mg/kg)

S Low-sol-ca-inh

Outdoor Worker Soil Carcinogenic Inhalation (mg/kg)

S Low-sol-ca-tot

Outdoor Worker Soil Carcinogenic Total (mg/kg)

ow-sol-nc-in
SL ¢

Outdoor Worker Soil Noncarcinogenic Ingestion (mg/kg)

S Low-sol-nc-der

Outdoor Worker Soil Noncarcinogenic Dermal (mg/kg)

SI-ow-sol-nc-inh

Outdoor Worker Soil Noncarcinogenic Inhalation (mg/kg)

S Low-sol-nc-tot

Outdoor Worker Soil Noncarcinogenic Total (mg/kg)

SI-cw-sol-ca-ing

Construction Worker Soil Carcinogenic Ingestion (mg/kg)

SI-cw-sol-ca-der

Construction Worker Soil Carcinogenic Dermal (mg/kg)

SI-cw-sol-ca-inh

Construction Worker Soil Carcinogenic Inhalation (mg/kg)

S Lcw-sol-ca-tot

Construction Worker Soil Carcinogenic Total (mg/kg)

SI-cw-sol-nc-ing

Construction Worker Soil Noncarcinogenic Ingestion (mg/kg)

SI-cw-sol-nc-der

Construction Worker Soil Noncarcinogenic Dermal (mg/kg)
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SI-cw-sol-nc-inh

Construction Worker Soil Noncarcinogenic Inhalation (mg/kg)

S Lcw-sol-nc-tot

Construction Worker Soil Noncarcinogenic Total (mg/kg)

S Lrec-sol-ca-ing

Recreator Soil Carcinogenic Ingestion (mg/kg)

S Lrec-sol-ca-der

Recreator Soil Carcinogenic Dermal (mg/kg)

S Lrec-sol-ca-inh

Recreator Soil Carcinogenic Inhalation (mg/kg)

S Lrec-sol-ca-tot

Recreator Soil Carcinogenic Total (mg/kg)

S Lrec-sol-nc-ing

Recreator Soil Noncarcinogenic Ingestion (mg/kg)

S Lrec-sol-nc-der

Recreator Soil Noncarcinogenic Dermal (mg/kg)

S Lrec-sol-nc-in h

Recreator Soil Noncarcinogenic Inhalation (mg/kg)

S Lrec-sol-nc-tot

Recreator Soil Noncarcinogenic Total (mg/kg)

S Lrec-water-ca-der

Recreator Surface Water Carcinogenic Dermal (ug/L)

S Lrec-water-ca-ing

Recreator Surface Water Carcinogenic Ingestion (ug/L)

S Lrec-water-ca-tot

Recreator Surface Water Carcinogenic Total (ug/L)

SLrec-water-vc-der

Recreator Surface Water Carcinogenic Vinyl Chloride Dermal (ug/L)

S Lrec-water-vc-ing

Recreator Surface Water Carcinogenic Vinyl Chloride Ingestion (ug/L)

S Lrec-water-vc-tot

Recreator Surface Water Carcinogenic Vinyl Chloride Total (ug/L)

S Lrec-water-nc-der

Recreator Surface Water Non-Carcinogenic Dermal (ug/L)

SI-rec-water-nc-ing

Recreator Surface Water Non-Carcinogenic Ingestion (ug/L)

S Lrec-water-nc-tot

Recreator Surface Water Non-Carcinogenic Total (ug/L)

RfD, Chronic Oral Reference Dose (mg/kg-day)

RfC Chronic Inhalation Reference Concentration (mg/m3)
CSF, Chronic oral Slope Factor (mg/kg-day)'1

IUR Chronic Inhalation Unit Risk (ug/m3)"1

TR target risk

THQ target hazard quotient

THI target hazard index

K Andelman Volatilization Factor (L/m3)

Ko Dermal Permeability Constant (cm/hour)

AT es.c Averaging time - resident soil child (days)

AT cs.a Averaging time - resident soil adult (days)

AT, es Averaging time - resident soil age adjusted (days)
AT, Averaging time - composite worker (days)

AT, Averaging time - composite worker (days)

ATiw-a Averaging time - composite worker (days)

AT, Averaging time - indoor worker soil (days)
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ATow-a Averaging time - composite worker (days)

ATy Averaging time - outdoor worker soil (days)

AT Averaging time - composite worker (days)

AT, Averaging time - construction worker soil (days)

AT ecc Averaging time - recreator soil child (days)

AT eca Averaging time - recreator soil adult (days)

AT ec Averaging time - recreator soil (days)

LT Lifetime (years)

IRW es.c Resident Drinking Water Ingestion Rate - Child (L/day)

IRW es. Resident Drinking Water Ingestion Rate - Adult (L/day)

IFW es.aqj Resident Drinking Water Ingestion Rate - Age-adjusted (L/kg)
IFWM es.aq; Resident Mutagenic Drinking Water Ingestion Rate - Age-adjusted (L/kg)
IRS es.c Resident Soil Ingestion Rate - Child (mg/day)

IRS es-a Resident Soil Ingestion Rate - Adult (mg/day)

IFSres-adj Resident Soil Ingestion Rate - Age-adjusted (mg/kg)
IFSMes-adj Resident Mutagenic Soil Ingestion Rate - Age-adjusted (mg/kg)
IRiw Indoor Worker Soil Ingestion Rate (mg/day)

IRow Outdoor Worker Soil Ingestion Rate (mg/day)

IRew Construction Worker Soil Ingestion Rate (mg/day)

IRy Composite Worker Soil Ingestion Rate (mg/day)

IRW ec.c Recreator Surface Water Ingestion Rate - Child (L/hour)
IRWec.a Recreator Surface Water Ingestion Rate - Adult (L/hour)

IFW ec-adj Recreator Surface Water Ingestion Rate - Age-adjusted (L/kg)
IRWg_, Surface Water Ingestion Rate - Age Segment 0-2 (L/hour)
IRW,_¢ Surface Water Ingestion Rate - Age Segment 2-6 (L/hour)
IRWe.16 Surface Water Ingestion Rate - Age Segment 6-16 (L/hour)
IRW .26 Surface Water Ingestion Rate - Age Segment 16-26 (L/hour)
IFWM ec-adj Recreator Mutagenic Surface Water Ingestion Rate - Age-adjusted (L/kg)
IRSec.c Recreator Soil Ingestion Rate - Child (mg/day)

IRSec.a Recreator Soil Ingestion Rate - Adult (mg/day)

IFSrec-agj Recreator Soil Ingestion Rate - Age-adjusted (mg/kg)

IRSq., Soil Ingestion Rate - Age-segment 0-2 (mg/day)

IRS,.6 Soil Ingestion Rate - Age-segment 2-6 (mg/day)

IRS¢.16 Soil Ingestion Rate - Age-segment 6-16 (mg/day)

IRS16.26 Soil Ingestion Rate - Age-segment 16-26 (mg/day)
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IFSMec-adj Recreator Mutagenic Soil Ingestion Rate - Age-adjusted (mg/kg)
DFSres-adj Resident soil dermal contact factor- age-adjusted (mg/kg)

DFSMres-adj Resident Mutagenic soil dermal contact factor- age-adjusted (mg/kg)
DFSrec-adj Recreator soil dermal contact factor- age-adjusted (mg/kg)
DFSMec-adj Recreator Mutagenic soil dermal contact factor- age-adjusted (mg/kg)
DFWies.agj Resident water dermal contact factor- age-adjusted (cm2 - event/kg)
DFWM es.agj Resident Mutagenic water dermal contact factor- age-adjusted (cm2 - event/kg)
DFWirec-adj Recreator water dermal contact factor- age-adjusted (cm2 - event/kg)
DFWMecag; Recreator Mutagenic water dermal contact factor- age-adjusted (cm2 - event/kg)
IRF es-a Fish Ingestion Rate (mg/day)

SA esc Resident surface area soil - child (cmz/day)

SA es.a Resident surface area soil - adult (cmz/day)

SA esc Resident surface area water - child (cmz)

SA es.a Resident surface area water - adult (cmz)

SAqw Outdoor Worker soil surface area - adult (cmz/day)

SA. Construction Worker soil surface area - adult (cmz/day)

SA, Composite Worker soil surface area - adult (cmz/day)

SA ecc Recreator surface area soil - child (cmz/day)

SA eca Recreator surface area soil - adult (cmz/day)

SA ecc Recreator surface area water - child (sz)

SA eca Recreator surface area water - adult (sz)

SAq., Resident/Recreator surface area soil - age segment 0-2 (cmz/day)
SA,¢ Resident/Recreator surface area soil - age segment 2-6 (cmz/day)
SAg.16 Resident/Recreator surface area soil - age segment 6-16 (cmz/day)
SAs6.26 Resident/Recreator surface area soil - age segment 16-26 (cmz/day)
SAq., Resident/Recreator surface area water - age segment 0-2 (sz)

SA,¢ Resident/Recreator surface area water - age segment 2-6 (sz)

SAg.16 Resident/Recreator surface area water - age segment 6-16 (sz)
SAs6.26 Resident/Recreator surface area water - age segment 16-26 (sz)

AF ecc Resident soil adherence factor - child (mg/cmz)

AF cca Resident soil adherence factor - adult (mg/cmz)

AF,, Outdoor Worker soil adherence factor (mg/cmz)

AF, Composite Worker soil adherence factor (mg/cmz)

AF., Construction Worker soil adherence factor (mg/cmz)

AF ccc Recreator soil adherence factor - child (mg/cmz)
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AF cca Recreator soil adherence factor - adult (mg/cmz)

AFg., Resident/Recreator soil adherence factor - age segment 0-2 (mg/cmz)

AF,¢ Resident/Recreator soil adherence factor - age segment 2-6 (mg/cmz)

AFg 16 Resident/Recreator soil adherence factor - age segment 6-16 (mg/cmz)

AF 6.6 Resident/Recreator soil adherence factor - age segment 16-26 (mg/cm?2)

BW es.c Resident Body Weight - child (kg)

BW es.a Resident Body Weight - adult (kg)

BW ec-c Recreator Body Weight - child (kg)

BWiec-a Recreator Body Weight - adult (kg)

BWy., Resident/Recreator Body Weight - age segment 0-2 (kg)

BW,.¢ Resident/Recreator Body Weight - age segment 2-6 (kg)

BWe.15 Resident/Recreator Body Weight - age segment 6-16 (kg)

BW 6.6 Resident/Recreator Body Weight - age segment 16-26 (kg)

BWow Outdoor Worker Body Weight (kg)

BWw Construction Worker Body Weight (kg)

BW,, Indoor Worker Body Weight (kg)

BW,, Composite Worker Body Weight (kg)

ABS4 Fraction of contaminant absorbed dermally from soil (unitless)

GIABS Fraction of contaminant absorbed in gastrointestinal tract (unitless) Note: if the
GIABS is >50% then it is set to 100% for the calculation of dermal toxicity values.

DAvent Absorbed dose per event (ug/cm2 - event)

EF s Resident Exposure Frequency (days/year)

EFes.a Resident Exposure Frequency - adult (days/year)

EF es.c Resident Exposure Frequency - child (days/year)

EF,, Composite Worker Exposure Frequency (days/year)

EFy Indoor Worker Exposure Frequency (days/year)

EFow Outdoor Worker Exposure Frequency (days/year)

EF. Construction Worker Exposure Frequency (days/year)

EFec Recreator Exposure Frequency (days/year)

EFecc Recreator Exposure Frequency - child (days/year)

EFreca Recreator Exposure Frequency - adult (days/year)

EFy. Exposure Frequency - age segment 0-2 (days/year)

EF. Exposure Frequency - age segment 2-6 (days/year)

EFs.16 Exposure Frequency - age segment 6-16 (days/year)

EF16.26 Exposure Frequency - age segment 16-26 (days/year)
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EDyes Resident Exposure Duration (years)

EDres.c Resident Exposure Duration - child (years)

EDes.a Resident Exposure Duration - adult (years)

ED, Composite Worker Exposure Duration - (years)

ED;y Indoor Worker Exposure Duration - (years)

EDow Outdoor Worker Exposure Duration (years)

EDcw Construction Worker Exposure Duration (years)

EDrec Recreator Exposure Duration (years)

EDrec.c Recreator Exposure Duration - child (years)

EDreca Recreator Exposure Duration - adult (years)

EDo.» Resident/Recreator Exposure Duration - age segment 0-2 (years)
ED,¢ Resident/Recreator Exposure Duration - age segment 2-6 (years)
EDg 16 Resident/Recreator Exposure Duration - age segment 6-16 (years)
ED16.26 Resident/Recreator Exposure Duration - age segment 16-26 (years)
ETresa Resident Exposure Time (hours/day)

ETresc Resident Exposure Time (hours/day)

ETes Resident Exposure Time (hours/day)

ETy Composite Worker Exposure Time (hours/day)

ETiw Indoor Worker Exposure Time (hours/day)

ETow Outdoor Worker Exposure Time (hours/day)

ETew Construction Worker Exposure Time (hours/day)

ETec Recreator Exposure Time (hours/day)

ETrecc Recreator Exposure Time - child (hours/day)

ETreca Recreator Exposure Time - adult (hours/day)

ETevent- res-c

Resident Water Exposure Time - child (hours/event)

ETevent- res-a

Resident Water Exposure Time - adult (hours/event)

ETevent-res-adj

Resident Water Exposure Time - age-adjusted (hours/event)

ETevent-res-madj

Resident Exposure Time - age-adjusted (hours/event)

ETevent- rec-c

Recreator Surface Water Exposure Time - child (hours/event)

ETevent- rec-a

Recreator Surface Water Exposure Time - adult (hours/event)

ETo

Exposure Time - age segment 0-2 (hours/day)

ET,.6 Exposure Time - age segment 2-6 (hours/day)
ETe.16 Exposure Time - age segment 6-16 (hours/day)
ET16.06 Exposure Time - age segment 16-26 (hours/day)

ETevent-rec-adj

Recreator Exposure Time - age-adjusted (hours/event)
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ETevent-rec(O-Z)

Exposure Time - age segment 0-2 (hours/event)

ETevent-rec(Z-G)

Exposure Time - age segment 2-6 (hours/event)

ETevent-rec(G- 16)

Exposure Time - age segment 6-16 (hours/event)

ETevent-rec(lG-ZG)

Exposure Time - age segment 16-26 (hours/event)

ETevent-res(O-Z)

Exposure Time - age segment 0-2 (hours/event)

ETevent-res(Z-G)

Exposure Time - age segment 2-6 (hours/event)

ETevent-res(G-lG)

Exposure Time - age segment 6-16 (hours/event)

ETevent-res( 16-26)

Exposure Time - age segment 16-26 (hours/event)

ETevent-rec-madj

Recreator Exposure Time - age-adjusted (hours/event)

Evrec-c

Recreator Events - child (events/day)

EViec-a Recreator Events - adult (events/day)

EViesc Resident Events - child (events/day)

EVies-a Resident Events - adult (events/day)

EVo., Events - age segment 0-2 (events/day)

EV.s Events - age segment 2-6 (events/day)

EVes.16 Events - age segment 6-16 (events/day)
EVi6.26 Events - age segment 16-26 (events/day)

Cu Target soil leachate concentration (mg/L)
DAF Dilution attenuation factor (unitless)

ED Exposure duration

I Infiltration Rate (m/year)

L source length parallel to ground water flow (m)
i hydraulic gradient (m/m)

K aquifer hydraulic conductivity (m/year)

0, water-filled soil porosity (Lyater/Lsoil)

0, air-filled soil porosity (Lair/Lsoi)

n total soil porosity(Lyore/Lsoil)

Ps soil particle density (Kg/L)

Pb dry soil bulk density (kg/L)

H' Dimensionless Henry Law Constant (unitless)
Kq soil-water partition coefficient (L/kg)

Koc soil organic carbon/water partition coefficient (L/kg)
foc fraction organic carbon in soil (g/g)

d, aquifer thickness (m)

d depth of source (m)
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d mixing zone depth (m)

PEF,, Particulate Emission Factor - Minneapolis (m3/kg)

Q/Cuind Inverse of the Mean Concentration at the Center of a 0.5-Acre-Square Source
(g/m”-s per kg/m”’)

\Y Fraction of Vegetative Cover (unitless)

m Mean Annual Wind Speed (m/s)

U, Equivalent Threshold Value of Wind Speed at 7m (m/s)

F(x) Function Dependent on U,, /U, (unitless)

A Dispersion constant unitless

A, Areal extent of the site or contamination (acres)

B Dispersion constant unitless

C Dispersion constant unitless

PEF,. Particulate Emission Factor - subchronic (m>/kg)

Q/C,, Inverse of the ratio of the 1-h geometric mean concentration to the emission flux
along a straight road segment bisecting a square site (g/mz-s per kg/ma)

Fo Dispersion correction factor (unitless)

T Total time over which construction occurs (s)

Ag Surface area of contaminated road segment (m2)

Lg Length of road segment (ft)

Whq Width of road segment (ft)

w Mean vehicle weight (tons)

p Number of days with at least 0.01 inches of precipitation (days/year)

SVKT Sum of fleet vehicle kilometers traveled during the exposure duration (km)

A Dispersion constant unitless

A, Areal extent of site surface soil contamination (acres)

B Dispersion constant unitless

C Dispersion constant unitless

PEF',. Particulate Emission Factor - subchronic (m>/kg)

Q/C, Inverse of the ratio of the 1-h. geometric mean air concentration and the emission
flux at the center of the square emission source (g/mz-s per kg/mg)

Fo Dispersion correction factor (unitless)

A Dispersion constant unitless
Dispersion constant unitless
Dispersion constant unitless

A, Areal extent of site surface soil contamination (acres)

Iy Total time-averaged PM;, unit emission flux for construction activities other than

traffic on unpaved roads (g/mz-s)
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Mpcwind Unit mass emitted from wind erosion (g)

\Y Fraction of Vegetative Cover (unitless)

Un Mean Annual Wind Speed (m/s)

U, Equivalent Threshold Value of Wind Speed at 7m (m/s)
F(x) Function Dependent on U,, /U, (unitless)

Ao Areal extent of site surface soil contamination (mz)
ED Exposure duration (years)

Mexcav Unit mass emitted from excavation soil dumping (g)
0.35 PM, particle size multiplier (unitless)

Un Mean annual wind speed during construction (m/s)
M m-excav Gravimetric soil moisture content (%)

Psoil In situ soil density (includes water) (Mg/m3)

Acxcav Areal extent of excavation (m2)

excav Average depth of excavation (m)

N a-dump Number of times soil is dumped (unitless)

Moz Unit mass emitted from dozing operations (g)

0.75 PM, scaling factor (unitless)

Sdoz Soil silt content (%)

M in-doz Gravimetric soil moisture content (%)

SVKT 4oz Sum of dozing kilometers traveled (km)

Sdoz Average dozing speed (kph)

Na-doz Number of times site is dozed (unitless)

Bq Dozer blade length (m)

Marade Unit mass emitted from grading operations (g)
0.60 PM10 scaling factor (unitless)

YVKTgrade Sum of grading kilometers traveled (km)

Serade Average grading speed (kph)

Na-grade Number of times site is graded (unitless)

B, Grader blade length (m)

M Unit mass emitted from tilling operations (g)

Stil Soil silt content (%)

A Areal extent of tilling (acres)

Ac-grade Areal extent of grading (acres)

Ac-doz Areal extent of dozinging (acres)

N il Number of times soil is tilled (unitless)
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VF, Volatilization Factor - Los Angeles (m3/kg)

Caat Soil saturation concentration (mg/kg)

Q/Cyo Inverse of the Mean Concentration at the Center of a
0.5-Acre-Square Source (g/m’-s per kg/m°)

A Dispersion constant unitless

A, Areal extent of the site contamination (acres)

B Dispersion constant unitless

C Dispersion constant unitless

Da Apparent Diffusivity (cm?/s)

T Exposure interval (s)

T Exposure interval (years)

o8 Dry soil bulk density (g/cm®)

0, Air-filled soil porosity (Lyi:/Lsoi) (N-8y)

n Total soil porosity ( Loore/Lsoil) (1-(Pu/Ps)

B, Water-filled soil porosity (Lyater/Lsoil)

Ps Soil particle density (g/cm’)

S Water Solubility Limit (mg/L)

Di Diffusivity in air (cm®/s)

H' Dimensionless Henry's Law Constant

Diw Diffusivity in water (cm”/s)

Ky Soil-water partition coefficient (L/Kg) (KocXfoc)

Koc Soil organic carbon-water partition coefficient (L/Kg)

foc Organic carbon content of soil (g/g)

ds Average source depth (m)

VFsc Subchronic Volatilization Factor (m>/kg)

Q/Cs, Inverse of the ratio of the 1-h geometric mean air concentration to the
volatilization flux at the center of a square source (g/mz-s per kg/mg)

A Dispersion constant unitless

A, Areal extent of the site soil contamination (acres)

B Dispersion constant unitless

C Dispersion constant unitless

Da Apparent Diffusivity (cm®/s)

T Total time over which construction occurs (s)

o8 Dry soil bulk density (g/cm®)

Fo Dispersion correction factor (unitless)

0, Air-filled soil porosity (Lyi:/Lsoi) (N-8y)
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n Total soil porosity ( Lyore/Lsoit) (1-(Pu/Ps)

0, Water-filled soil porosity (Lyater/Lsoit)

Ps Soil particle density (g/cma)

Di, Diffusivity in air (cm’/s)

H' Dimensionless Henry's Law Constant

Diw Diffusivity in water (cm’/s)

Kq Soil-water partition coefficient (L/Kg) (KocXfoc)
Koc Soil organic carbon-water partition coefficient (L/Kg)
foc Organic carbon content of soil (g/g)

T Total time over which construction occurs (year)
d Average source depth (m)

Return to Equations Table

Residential Equations

Noncarcinogenic-child

Ingestion
365 days
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Noncarcinogenic-adult
Ingestion
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365 days
i THQ=AT, . [ye—aryxEDmS (28 years}) BW,. . . (80 kg)
=L deeies o Imolkg) =
G G ER - e (3095).ep (o5 years)r— RBA__ups 100 mg ), 105%g
res-a year res RID [ mg ] res-a da}f 1mg
0| kg-day

Dermal
THaxAT . . [2229308 ep (26 years) |« (80 kg)
res-a res (<0 YRATE, rasa 8
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g 6032 e | 007 mg ), sms 105Ky
fes-a d

[qu{&]-ﬁmas] 99-3[ day eme Tmg
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EE 350 days
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365 days
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Carcinogenic
Ingestion

3b5 days

year

TR!ATres[

xLT (70 y‘ears)}

SLi'es-sc1il—c::=1~in.g (mgfkg) =

36,750 mg

107Bkg

q
mg
SFU [kg—day} xRBAxlFSreﬁ'adj [ kg

X

3

where:
350 days 200 myg
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+
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e kg 350 days 100 m
= - [W]x [EDyes (28 years)- ED,_ . (B years))xIRS . . [*Tﬁ}_g]
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Mutagenic
Ingestion
TRxAT _[35998Y8 1 1170 years)
sL fkg) = RN year
rnasrsclil-nﬂu-ing'1'""g 9) = X I
CoF g CREA|IFEM ([ 166833 my . 107 kg
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N
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Inhalation

SL
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Inhalation
SL

TR

res-soil-ca-ve-inh [m g'fkg:' 5

¥

Trichloroethylene
Ingestion
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Dermal
365 days

TR xATmS[ LT(7D ,-em)]

SLres-soil-tce-d &r (m gfkg}l =
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D512 years]leFD_Q[ JxAFD_z[ =~ J SA02 [ =10

R ar day
By 5 (15 kg
5 350 days 02mg|, 2373 ¢m® i
ED. ¢ (4 years) EFz_E[ e ]"““Fzs[ — J 5&2_5[ 5 3
DS, , , [5250ma) B, ; (15 ko)
pEall kg ik 01 g [0dsys) o (087m 07 mg). B3 e | o
B1g (10 vesrs) B 1 “year | B-16 Ara1E gy |
=
B'INB_.I & fSD kg:]

350 days 0,07 mg BI32 cm?
EDyg 5 (10 ?“*“’S}’Eﬁs.zs[ = ]""”"15-25[ pone R -] el

EW g 25 (80 ky)

Inhalation

TR=AT [355 days
res|” yea

LT(70ye ars}]

Slig-soikicenh (Ma/ke) =

-1
par Y| 1 (1000 pg) [ 1day 7,
IUH[/@J = 4 i [ my 24 hours
VF &g PEF,

] E

350 days 24 hours ]
E0p.a(2 WarserFﬂ_z[ er ]wETD_2 ( i ]-Wi{e.zu)-wJ+

year year day
350 d
year

24 hcumJ

ED, . (26 yoarsjxET, . [ -

24 howrs
EDE 15[1{] jears:: EFEI [ JKEF&‘E [ o JrMAF Eﬂ 244'-1) 3]

L 350 da 350 days 24 hours
CAF [D?&E)xEFms{ ﬁ]a [EDM {4 years)<EF,_ E[ ! ]"5’2-5 [ ] MAF{umjxa]
>
24 hours
day

[ 0 280) 1

50 days
ED1&25 {10 yea:s]l!EFtﬁ 25[ J ETig.6 [
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Supporting Equations
Child
ED .. (B years) =EDp 5 (2 years)+ED, - (4 years)
B0 |:15 kQ:l =E0p.o |:2 yearsjl+EiW2_E |:1 5 kgijDz_E |[4 Yeargj
Elp.o IIE years]l +ED5 Iifl years]l

BV g [15 kg]’ =

350 days
]XEDD_E IIE years]l +EF5 5 [YE—;]XEDE_E [4 years}

EDp 5 (2 years) +ED 4 ¢ [4 years)

350 days

EF
EF 60 days | _ ':"2[ year
Fes-c year B

24 hours 24 hours
ET —— |*El 5 2 ears +T 4 years
ET 24 hours | _ EI-E[ day J li ¥ 2-b day J li ¥ ]I
FESC] day EDy 5 (2 3,rears:|+ED2 5 [4 years)
0z 0z
0 AFpo [ ;ng]XEDD_E (2 years)+AF, E[ ] 4 years)
AF 2mg | _ cm
res-c 2 EI:ID_2 |IE CELE +E|:l2 A |Ifi ye arS
Sy 273em? | _gp (2 years) +54 2373em” | ep (4 years'
ca 9373 sz ) '2 E|5|'_-,-' |:|-2 2'5 da'j" E'E !
res-C day EDg.o IIE ye ars}l +ED- 5 Iifi yeara]l
200 my 200 my

] ED, ¢ (4 years)

a0 ng ] |R5U_2[ 3y ]xEDD 5 (2 years)+RS,_ E[
EDy 5 (2 years)+ED, - (4 j,fears]
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Adult

ED (20 years) = ED

o (10 years) +ED, o 5z (10 years)

B-16

BV 1g (B0 ko) xEDg_q5 (10 years) +BW, o 5 (B0 ko) <EDyg_5g (10 years)
EDe 1k |I1EI years}l HE0EoE |I1EI years}l

B s g (BD kg}l =

3580 days
]xEDE_-] 5 |I1 0 '_',"EEH’S) +EF15'25 [WJXED-] B-25 |I1|:| '_'|"Ear5‘;|

EDe 1k |I1EI yeara}l+ED1E_25 |:1EI years]l

350 days
B-16 year

350 days] _
EFrES-EI[ year J_

24 hours 24 hours
24 hDLIrS] ETe 15 [ day JXEDE-W (2 years) T e o [ Tay JxEDm_EE (4 years)

Elresa [ day

EDg 4 [2 years)+ED, & o [4 years)

007 my 0.07 my
- AR 15 [ 5 ]XEIZIE_1E (10 years] -I-x'-\Fm_zE[ 5 ]XEEH 5.op (10 years)
AF [ : mg] _ cm cm
resal L2 EDg g (10 years) +ED ¢ o (10 years)

032 cm? 6032 cm?

Sht 1o | —————|=EDg 45 (10 years) +5A, o o | ————— [2ED, & 5 (10 years)
5032cm2]= ”5\515[ Tay ] B-15 1525[ Tay ] 1626

SAre&a[ day

EDe 1k |I1EI years}l +EDyE o |I1EI years}l

100 my

100 g
o 100 mg) _ 'RSE-W[ day ]"EDE-WUD YEWS}'“R%-QE[ Tay ]‘5515_25 (10 years)
res-a | day EDg 16 (10 years)+ED1 R (10 years)
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ED (20 years) = ED

rasa (10 years) +ED

(10 years]

B-16 16-26

BW 45 (B0 ko) xEDg 15 (10 years) +BW) ¢ ~p (80 ko) <EDq g 5 (10 years)
EDe 1k |I1EI years}l HE0EoE |I1EI years}l

B s g (BD kg}l =

350 days .
]xEDE_-] 5 |I1 0 '_',"EEH’S) +EF15'25 [WJXED-] B-25 |I 0 '_',"EEH’S)

EDe 1k |I1EI years]l HE0EoE |I1EI years]l

350 days
B-16 year

350 days] _
EFrES-EI[ year J_

24 hours 24 hours
ET, ED 2 +ET. ED i
24 huur::i] _ 5-15[ day ]‘ B-16 |2 vears] 15-25[ day ]x 1695 £ years)

Elresa [ day

EDg g (2 years)+ED, & o (4 years)

007 my 0.07 my
- mg] AFs 16 [ 5 ]XEIZIE_1E |I1EI years) -I-x'-\Fm_zE[ 5 ]XEEH b6 |I1IZI years)

AF [ U =
resal 2 EDg 4 (10 years)+ED,; o (10 years)

032 cm? 6032 cm?

Sﬂare&a[ day EDg 15 |I1EI years}l +EDyE o |I1EI years}l

= 100 my
s 100mgYy_ 18| day
res-a | " day |

*ED45 g (10 years)

JXEDE_1 g (10 years) HRS, -

o~

day

100 myg
1

EDg 1 (10 years]+ED, o 5 (10 years
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St o | ————|*EDg 4 [10 years) +SA o oo | ————— |*ED, o 5 (10 years)
5032cm2]= %15[ Tay ] B-15 1525[ Tay ] 1626
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Age-adjusted

EDrES (EE years} = EIZ?ID_2 (2 years} +ED2-E H years) +EDE-1E |I1III years} +ED1E-EE |I1EI years}

EF.

350 days 350 days
0-2

—ea ]xEDD_2 (2 years) +EF, ¢ [W}; ED, ¢ (4 years) +

350 days g 350 days .
350.:15.3;5] ) EFE—W[—YW ] EDg ¢ 10 years)+EF g 55 [WJ ED, ¢ o (10 years)

EF
res [ year EDy 5 (2 years)+ED, ¢ (4 years)+ED 1 (10 years) 4D,z ¢ (10 years)

24 hours
d ay

24 hours 24 hours
[24 ho urs] . ET5-15[ day ]xEDE'm 10 years) +ET1E-25[ day ]‘EEH 626 (10 years)
res B

EDD_2 IIE years]l +ED2_E (4 years]l+EDE_1E |I1EI g,rears::l +ED1E_25 |I1EI years}l

ETEI 2

[Efl haurs

day JXEDE_E Iif-l ye:ars]l +

J xEIZ?ID_2 IIE yea rs}l +EI'2_E [

day

Return to Equations Table
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Noncarcinogenic-child
Ingestion

J65 days 1000 pg
THQXATrESWE[ year *ED)gquc (B vears) | <BW,, o (16 ko) = g
S|‘water-r‘||:-ir1g-|: (UQIL)_ days 078 L
EF xED (6 years)= xR WY =
P SWE year FESWE Mg reswc | " day
RD, |
kg-d
Dermal
FOR INORGANICS:
1000 o
msvem [cmzfu:\ranl]x[ Lcm ]
SLwatar-nc—det-c (pgfL]] = o 054 hours
Ko [HJ’ETE-UQM-JES—E{ Sveri ]
FOR ORGANICS:
3
DA ug | 1000 em
054 hours), * e"em[-:mz-euenlJ [ L
IF ETevent-res-c[ pvg:thJs t (hours) then SLwater-n&der(”q’fL:l = !6 o hours‘E - ———
e Fax e [T A event [mj £ ewent-res—*c[ event ]
P [huur} o
ar,
- [ ] [m:u c-m3I
avent
e 054 hours * & _ em?- event
IF Hsvent-res-c[ag\.TJ st (hours)then SL o0 (pa) = - T ﬁours]
Fax | [ ] event-res-c|  gyant - hoursl ‘I+38+3EI‘
haur 1+B fevent event ) ‘I+Ei
where:
THQ "{\Tres-c[x'E days *EDygq., [6 VB&B)]X[]D_E?_E&]XBW!B&-C (18 kg
DA avent [ 2ug ] = T = - 2
cm®- event
1 1 t f 350 d 27
TR KEvm_t[ 9L SJXED,EM (6 vears) xEFrQQ_c[ gea?ﬁ}sﬂmgc(ﬁaaﬁ en? |
o kg—dayJ‘
Inhalation
THQxAT ¢ [355 = *EDygs ¢ (6 ygars)]" [m?nﬂ Pg]
Slwater-neinh-c (ngiL) = 1 8
EF 350 days <ED [E years)XET 24 hours - 1 day x 1 i 05L
resCl  year res-c resc day 24 hours RiC [my ] i
m3
Noncarcinogenic-adult
Ingestion
J65 days 1000 pg
THQK“E‘Treawa[ year <ED, gy 126 years) [ <BW, o (BO k)= g
SLwater-r'n:-in -4 li“g”‘]l_ days S5 L
——1 = = = i
EF ocia Joar ED,_.,, (25 years] T IRW s Gy
0l ki-d
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Dermal
FOR INORGANICS:

3
1000 o
DA 19 ]*
_ ChL i [sz- evant L

water-he-der-a (L) [ —— 071 hours)
1

SL
hﬂu,] *Elovent-res-a [ TV

FOR ORGARICS:

3
DAwgm{ 2ug ]Y 1000 cm ]
cm= - event L E

6« hours} | 1 0.71 hours
c‘m] “event | Tvarm event-res-a | " avani

hour

s 071 hours]

= t' hours) then 5L
evenr—ras-a[ event l: :I

water-no-dar (ygij &

2= FA =K
o

aF

S
uy 1000 ci
DA 5 %
Even[[cm‘- Bvent] [ -

ar,

0.71 hours *
IF ETevent-res—a[ = J =t [hoursy then SL e do o) = - {D.?’l hours]
Faxp [0m ). event-res-a|  event s hours ) | 1+38 +382
P L hour 1+B evell| ayvent [1 " B)j
where!
365 days 1000 py
y [ i J THO = AT, . o [ T = ED,ES(Z‘B years:l]s-c[—mg xBWres_a(B‘J k)
erent cmz— eyent
1 1 events 350 days [ 2)
x EV =ED 26 years) = EF, potubetrise i) |t 18652 cm
RO ’ng <GIADS fEQ—Q[ I:Iayf ] I@Q{ r } r@sa[ year ] res-a

Inhalation

res-a year mg

THQ*AT [Mﬂznres (26 years)]x[mﬁ]

: — 350 days

24 hours 1 day 1 D5L
EF it Bbut A PYC O ET, K
re&a( year ]x res( !rE!arS;"‘ resva[ day ]![24 hours]: RfC[my Jx [ma ]
3
]

Carcinogenic
Ingestion

x 365 days .| 1000 pg
TRxAT, [W LT(70 years}} [TQ

SLwater-ca-Eng (”g”')

CSF, [%}-1 e [l FW es-a dj [321;35 LD
where:
B [35391?3'_9] ED s (6 years) xRW.__ . [%} |
%
P o5 adj [321&] ) 350 d eec 1719 o
g EF, o [FT?E}] % (EDres(za years)- ED,pe.c (6 years})xiﬁwres_a {TY]
\ BW, o , (80 k]
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Dermal
FOR INORGANICS
DA, [ uy ] 1I:IEIDW3]
LY (- L

SL A= -
waler-ca-der [ug J cm <ET O ET08 hours
P haur event-res-ad) evert

FOR QRGAMICS
g ]x[ﬂ.‘rtﬂ crr_F]

DA — e e
E"'E"'i[c:rrrz-.Win L
0.B670E huurs]

Ex e hours =ET |
D Eh K [cm Bvent| Gvent event-1e5-ad) avehl
P A nnur L

hi -
Wij £ (hours)then Sl o g, (M0) =

IF Ere\-ent—reg adj [E.E.-,t

or,
1000 o
D'&euent[_zug—]z L
haurs = _ cm<- event,
IF ETovanteres-adi [m] =1 (hours) then BLor o e [HaL) = - D -

om event-res-ad avent hoursY | 1+38 +382

Fa = Kp i LR PR e ——
hour 1+ event Er1 +B}3

where
:ﬁﬁda]rs {Dﬂﬂ'pg
5 [ . J B TR = ATTBS =LT I:?EI yearsf] —
Lt el avent
Erg da\,r 2p1EI,6'5EI syznis-cm?
7YY |- res«adf - W

whersa

350 days 1 events I
] 9%[ J ED, g (B yoors) = 54, (5365 csz

raa—c[ year day )
z T
Wreﬂdj[w%m] . N ST
as arents ’ 2
a[ yEar ] res-a [ ] t [ESfZ'E ]‘EEIE:I EDIE% =g [E ]earsﬂ {ea-a {19652 ) ]
B oea |30 la) |

anid:
0.54 hours 0.71 hours =
JkEDTES—E EE Wa's‘*' ETE\rEnt—res-a[ event ]xlrEBr?s & rears:] 'EDres-n IIFE fgam]]}

[Erewen:- resc [ Soarit
J EDmSIZ‘E jears1||

ETeuent-res-ad][ s

Inhalation
365 days
TR”ATres [—

7]

350 days 24 hours 1 day 0.
EF. . |=—2L|xED {26 BT R |8 K 5
res[ year J res (26 years)x [ day ]"[24 huurs]x [43J % [ ]

=LT{70 years)]

SLwater—ca—inh (i" g"rl-) =
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Mutagenic
Ingestion

Slyatermuing (woil) =

where;

momea Ly _
lFWMres-adj[ kg ] B

TRxAT, [%XLT (70 yEarg)]x [%J
CEF, [k;dgayr * VWM, g g [%]

EF.o [%J *EDp_5 (yeara) <RV [D.;aﬁyLJ 0 +
Bty 5 (15 ko)

2 [%}EDE-E [vears)xIRWS g [DjaﬂyL}H
B g (15 ko) +

GG [%J g1 iYEEfSI'"HWEJE[EA;LJxa
B 1 (B0 ka) +

EFi6-26 [%}Eq -7 [YEa rs)x IR, ¢ o [Ed.ﬁa;—] =1

B, g, (B0 ko]
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Dermal
FOR INORGANICS:

DA,
event [ =

SL

ug } 1000 crrl3
- event L

water—mu-det(”gﬂ‘] - w [ M )eT 0.6708 hours
P[hour]x event-res—madj[ avent ]
FOR ORGANICS:
DA ug .| 1000 e
IEET 06708 howrs) = —— ) = EN | o2 event L
event-res-madj evant = [ DUIS}I £ \-\f:aler-rrlu-l:har[I'|g }_ hours hours
emy 1B™ Tevent [wemJ g e\ren1-res—madj(e“m}
2x FAx K | —| 4
Pl hour 1|' T
or,
ik ug 1000 e
0.6708 hours_ = eient - event 4 L
i ETevent—les—rnadj [W]H (hours) then Slyater-mu-der (bart) = T hours
Faepe [£m ). . e"em'res’madj[wam] 9w howrs_|1+38 +382
P L hour 1+B fevent | Gyant P
(1+8)
where:
TR = AT [—36‘5 days «LT(70 yearg:]]z [_1000 “9]
DA ug = year ma
avant 3 = 1
cm®- event tg
CEF 3
Ol ky-day = DFWMI | 8.191 633 events - cm
GlAES B 5-ad) kg
whare:
1 evants 350 days 7]
E\-’D_z[ = ]xEF [ o ]rEﬂu_z[ysalsj Sy, (6366 o Jx10
+
BW.o (15 ka)
1 evenis 350 days 2
EVQ_B{ o ]xEFz_B[ = ]XEDQ_E{yeals) x Shy, g (6365 o |3 )

BW, 5 (15 ka)

i
DFWM 8,191 633 events - cm ]:

res-adj kg

1 events 350 days ¥
EV8_18[ o ]xEFﬁ_m[ ey ]xEDE_,E (years) x Sz\s_m[mgssz om }a
BWG. 15 (B0 ko)

+*

1 events
E"’1a-2s[ P

350 days 9
]"EF1 a-zs[ pepe }‘EDIE.QE (years) = SA5 5 [19552 em ]:1
B, .5 (B0 k)

and
0.54 hours 0.54 hours
Ere\rem—resl:ﬂ-l}[ event ] *EDp.p (2 years)+ ET evenl-res(}ﬁj[ ovent ] =EDo5 (4 years) +
0.71 hours 0.71 hours
06708 hours ErevenT—res(E-‘lE][ avent J AEDBJB“D years)+ET evenkres{lE-EE]( avant J AED]B—2B (10 years)
Erewem-ras-madj[ event ] -

EDgo (2 years:] +EDyg |:d yearsj +Elg.15 [10 years) +EDy5 o5 [10 years)
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Inhalation

TH=AT

Fesw

365 days
ar

<L T (70 years]l]

Lwater mu-inh “" ’f

"l )

-

350 days |nh 24 hours 1 day
Efo2 [W] gall [ Tay ]‘[za hnurs] ‘EDD-EUWS)’W]+
350 days inh [ 24 hours 1 day
kEFz'E[ year ]XETE'E[ day ]1[24 hDurSJXEDE'E”EErS)ﬂ]-’-
350 days .Finh 24 hours . 1 day . g
kEFE'*IE[—year ] ETE_1E[ By ] [24 hnm] EDg 4 [vears) 3]+
350 days |, inh ¥24 hours L Vday .
uEF’IE-EE [WJ ET1E-25[ day ] [24 —— |*EDqg.op [ years) <1
Vinyl Chloride
Ingestion
SLwaier-ca-\rc-'ng (“g”‘) = L
32795 L

-
my .
CSF, [kg_dayj IFW,

res—adj[

o _mg
] [‘EDDng] " .

-1
mg .
o [kg-dar] R

D78LY [ _mg
WFES'C[ day J [lDDEng]

=LT (?D years)]

]xEDres-c (6 yearS)XIRWrES_C[

BwW

res-c (1 5 kg:l

0.78 L
day

kg
365 days
AT
'93[ year
where:
350 days
EFres-c[ year

BW . . (15 k)

32795 L
IFw A (it S el [
'993"1{ kg ] 350 days

year

EFI‘ES-E [

]x (EDyes (25 years)- EDygq ¢ (6 years)]<RW, [E]

day

BW

es-a (B0 kg)
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Dermal
DA [ ug ]Y 1000 cm®
06708 hours) . .» _ avent| - event L
IFET oot ook Lh 2 boa] (hours) then SLwater-vodsr(”gﬂ‘) =
aventres adj event Ea (hsurs] < ET [D G706 hours]
T event| gvent eventres-adg h  event
KP hour m
or,
4 { ug ]‘[mnn cma]
i event - G
FET [D.B?Eﬂ huu;s] >1" (hours) shen SL, sor 9L = om- event
avernt-res-adj event bkl Lol T [D.E?DB huurs]
Fhx K [ om ]K event-res adj avant . {huurs}x 1 +38 +302
P hour 1+B event| ayent R +EI:]2
where:
ugy _ TR
Phevent [cmz- e\lent] B
CSFﬂ[k mdg ] 210 B50 events-cme % [k "]jg J 1 event
g-day eventsc g-day events 3
CIABS ‘DFWIES-adi[ v ] GIABS "E"'res-c[ Tay ]"S***res-c[ﬁa"3'5 C’”J
+|
JES days | 1000 pgy | 1000 pg
AT'ES[ o LT(70 rearsj] [m—g B (15 kd) .
where!
360 days 1 events 2
EFras-c[ year ]IEVres-c[ day ]‘ED[g;.c (6 yeare) XS{\rg:;-c[(ar:"'aﬁ ear ]
+
s [2,510 BSD events-cm? | _ BW,..o [ )
ras;ad kg B 350 ds
¥s |, levants) " 2
EF[EH[ 5 ] EV[EW[ - J ED,,. , (20 years) smﬁﬁessz cm ]
B es-a (B0 k)
and:
0.54 hours 0.71 hours
ET ED 4] ET ED 26 - ED ]
[U-E?Dﬂ hﬂl-lls] i [ evenl.rsgc[ event ]x res.c (6 ¥ears) + avsnt-fes-a[ wvent J’[ ras (26 vears)-ED . !'991'9})]
evant-res-ad) avant ED,pe (26 years)

Inhalation

- TR
SLwater-ca-vc-in h {l" g”‘) =

K]
g 350 days 24 hours 1 day 0s5L
IUR[Aa] <EF (—year D) g (26 years) BT | S x| o ek = )

365 days
AT oo [W!LT (7o years)]

N\
8 E|
5L
IUR i-'y J k|08 L
VAR
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Trichloroethylene
Ingestion

Slwate r-tce-ing (“ gfL) =

where:

IFWY

327951 _
re s adj -

kg

where;

IF¥Wha

10189 L _
res-adj kg =

350 days

EDres-c (E years)xEFre&c[

365 days 1000 pg
TRxATrES[ oo XLT(7Dyears)]x[m—gJ
<1
mg 32795 L 10199 L
CSF, [kg_day] % [[CAFU (D_EIJA)ﬂFWrEde [T]]] +[MAF0 (0202)xIFwM, o-ad] [_kg_]]

078 L]

IRW il vy
year ]x "35’0[ day !

BW ..o (15 kg)

(EDrErs [26 years)- EDres—c (5 years))XEFms_a

350 days 25L
IR ——
[ year ]: res-a [ day ]

B es-2 (80 kg)

350 days D78L1,
EDgs (2 3rea|rs:l='<EFﬂ_2 [W]MRWEIQ [ ] 10 X

B\, 5 (15 ko)

year

ED.g (4 years)xEF5 5 [350 da'fs]xiRW}B [0'78 L]:a
+

day

BWS (15 ka)
EDg.15 (10 years) <EF5 15 [350 ays

d 25L
ear ] lRW5'15[day] 3+

BWE_15 (B0 kg)

350 days 2510
EDyg.25 (10 ysars)xEF.] 626 [ }IRW15_25 [ ]ﬂ

year

day

W5 (80 ka)
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Dermal
FOR ORGANICS:
DA, [ ug J‘ 1000 em
IF ET hours) . £ [houre) then S Ly = R e event -
event-resadi | ayert | ( K Loater-tce-der (M9/) = haurs 06708 hours
cm {ﬁ ¥ Tevent [avem] ¥ ETe\-’eni-res-ad} [ avant ]
2= FAx K, [—| 4
P L hour r
or,
DA, ugy .| 1000 ot
Hours . teeevent| - T L
L2 ETevam-rss-adj [m} b [hnurg),lhan S]‘wahar-tcs-der[”gﬂ‘:' = 06708 hours
cm Ere“gn"rgs'adj[ event J hoursY_| 1 +3B +382
Fa = Kp — X +2= 1 e | 2
hour 1+B eYEnt ayent {] +B)z
where:
TR= AT [FEI, 1 (75 pagrs) <[ 100 12
DA, [ ug ] as ME5] year mg
tce-event 2
cm® - event =l 2E10 5 events - cm?
zF [_m8 [CAFU (DB0g) = DFW o adj[* +
ol kg-day
GIABS 7
8,191 533 events - cm
[MAFD {0202) = DFerEde [7@‘ ]]
where;
1 events 350 days
E"res-c[ - JxEDres_c[E years) * EFrEH[—Yea[ ] 3“»99;[5355 .:m?]
+
oW d[z.am.&sn svents - ¢ ?] _ BW oo [15 ka)
fes-at) kg 1 events 350 days 2
Evreﬂ{ - ]YED[ES_a (20 years) x EFresw_a( o }SAres_a[‘ISBSZ P ]
B, o5, (BO ko)
wehara:
1 events 360 days 2
EVys [Ty]'EDD-E (2 years) xEFy 5 [W}‘ Shy 5 [5355 cm ]sm :
B\ﬂb_z |:15 kg]
Tevents | i 350 days |, 2Nz
EVg [T‘;] ED, g (4 years) EFQ_B[W] T [sasscm ] 3 )
B, g (15 ka)
Dmmres-adj[allgqﬁaa :;sms-cmz] ) 1 events 350 days 2
Vi 15 [T}ED&‘IEUD }'eats) "EFE-IE[ Fear ]x A 18 (19552 o ]:3
+
B 15 (B0 ko
1 events 350 days
BV 525 [ e ]xED1E_28 (10 years) =EF, 8_28[ == Jr SAg 06 [19552 cmz]rl
BW,5.25 (B0 ka)
and
044 hours 054 hours
levent res(u-z}[ wvent J *Ellp2 2 yeais) +ETevent-rES(28)[ event J *EDy g (4 years)+
0.71 howrs 0.71 how

rs
& 06708 hnurgJ ETevam-ras(E-‘lBj[ EvEn ] *EDg 1 [‘D"rea's}+ETavem-ras(lE-25){ e ] xEl:"15-25(1|:'}'”3ar5j

TEVE"”‘ res-adj[ event Elg.5 (2 years‘ll +EDy (4 years:] +EDg 45 [‘ID years) +EDjg o (‘10 years)
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Inhalation

Sk

TR=AT o [

365 days
year

%LT (70 yearsjj

water-tce-inh (Mal)

EFres [

IUR[“%B]-1):K[

350 days
year

EDg 5 (2 years) *EFy 5 [
E02_5 (4 ),r\ears)xEFy3 [
EDg.15 (10 yaars:] <EF; 46 [

ED;g.06 (10 years)=EF, 6-26 [

0.

I
3

],
m
} EDpye [26 years) xETres[
]xET
0-2
350 days]xET
26

year
350 days I
year

350 days
year

350 days
——— X
year

1 day

24 hours -
day

5 hourstCAFi [0_755)]+

24 hours 5
day

1 day
[24 haurs]XMAFi (D_2d4)z1 EI]+

24 hours 1 day
MAF. [0.244)=3 |+
( day ]x[Qd !’murs)x '( » ]

1 day

ET 24 hours I *MAF. (0_244)x3 +
616 L day 24 hours '

24 hours 1 day
AF [0.24
ET1E—25 [ day ]!(24 h““m)!M FI[D? 4),:1]

Supporting Equations

Child
ED, .. (B years) = EDy , (2 years)+ED, o (4 years)
BW,,. 15 kg) = BW. (15 k) xED 5 [2 years) +BW,, g (15 ka) <ED, g (4 years)
res-c EDU-'2 (2 yeals:l +ED2-6 I:d years}
1 event 1 event
o 1 event) _ E 0_2[ i ]XEDU_z (2 years) +EV2_E[ day JXEDz_G (d years:l
res-C| day EDg.> [2 years) +ED5 5 [tl years)
350 days |, 350 days |
e [30days) 9-2[ = ] EDy.5 (2 years) +EF, ¢ [73,5 = ] ED, (4 years)
resel year EDg.; (2 years) +ED, g (4 years)
054 hours 0.54 hours
eT [0.54 huurs] _ ETevanI[ﬂ-?)[ event ]XED[IQ (2 years) {Tevgmtz_” [W}CED}E (4 years)
eventrescl| ™ cuent EDy_; (2 years) +ED, ¢ (4 years)

24 hours 24 hours
4 hiiire L ETD-E [ day ]KEDU-2 (2 yeafs)*-ETE_E [T]XEDQ'E [:4 years)
res-cl day EDp.5 (2 years) +ED, ¢ (4 years)

Shg 5 [6385 cm2] <EDy 5 (2 years)+54, ¢ [5355 chJ‘EDE-E (4 years)
ED.5 (2 years) +ED, ¢ (4 years)

SA [5355 cm2] =

res-c

078 L 078L
az8L)_ |an_2( o ]xEDD_2(2 years)+IRW2_5[ T
EDp.5 (2 years) +ED, ¢ (4 years)

JtEDz_E (4 years)
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Adult
ED, .. (20 years) =EDg 1o (10 years)+ED, ;- . (10 years)

BW 45 (B ko) xEDy 45 (10 years) +BW, ¢ o (B0 kg)*EDq ¢ 5 (10 years)

BW.__ (80 ky) =
EesA [ ) EDEi-'IE (1I:I years)+ED1E_2E (‘iD years}
1 event 1 event
[1 event] EVE-TB[ d y ]?‘EDE 16 (10 yaars) +EV1E 28[ P ay ]xEDIE—EB (1[' year‘a)
EV -
Al day EDg.1 (10 years) +EDyg o5 (10 years)
350 days 350 days]
EF, —_— |=E 10 years ) +EF, =ED 10 years
350 days) _ _ o [ year ] D1 (10 yeare) 15-25( e 16-25 (10 years)
resal  year EDg 4 (10 years)+ED, g ~¢ (10 years)
0.71 hours 0.71 hours
- [D.?'] hours] _ Flevent (6-16)[ event ]"EDE-“SUU ypari] *ETsvsnt(m-zs)[—mm ]"5015-25 (10 years)
eventres-al  gyent EDg_1 (10 years) +ED, ¢ 5 (10 years)
24 hours 24 hou
- [24 hnurs] _ ET5'1E [W] ED B-16 (10 years:] +ET1E 25 [ JXEDie_za (10 years:l
resal day Dg.16 (10 years:HED1 6-26 (10 years)
2y e (1 9652 u:rrP]xEl:J&15 (10 years) +5A 5 o [19552 cmz]xED1E_25(1u years)
SA, [195‘52 o ]
res-a EDg. 45 (10 years)+ED; ¢ 5 (10 years)
25L 251
[25 L] IRW; 15[ W ] EDg.1q (10 years) HRW, 25[ e ] ED; .05 (10 years)
IRWY
res-a\ day EDg.1g (10 years) +EDy g g (10 years)
Age-adjusted
ED,, . (26 years) = EDy , (2 years)+ED, - (4 years)+EDy ;g (10 years) +ED,; o (10 years)

xED, g (4 years)+

350 days 3580 days
EFD 2 [—JXEDD ) [2 '_fears) +EF2 6 [—J

350 days 350 days
350 days] EFfs.16 [_year ]XEDE—‘IE (10 years) +EFy 5 5 [W]XED’EE—EE (10 years)

E
res [ year

EDy.5 (2 years)+ED, ; (4 years)+EDy ;o (10 years) +ED, 5 - (10 years)

24 hours 24 hours
ST [Py 00,2 (2 yeus) 7 (25D v

24 hours 24 hiou
24 howre) _ T & 16[ Ty ]"EDG 16 (10 years) +ETyg 5 [T}‘EEH 6-26 (10 years)
P\ day EDy_5 (2 years) +ED ¢ (4 years) +EDg 4 (10 years) +EDg g (10 years)

Return to Equations Table
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Noncarcinogenic
Inhalation

THO=AT, [MXED (28 Years)Jx [MJ
3 year r my
resair-ne [“gfm J_ 340 d 24 h 1d 1
EFr[ ays Durs]x[ ay .

=ED. 126 years)=ET [ ]
] r li ]I ra 24 hours RiC [myaJ
m

year day

Carcinogenic
Inhalation

65 days
year

-1
EF 350 days «ED IIEE years)XET 24 hours (1 day «|UR | P9
r year r ra day 24 hours i

TR=AT [ =LT(70 years)]

3_
SLres-air-ca [“g’fm J_

Mutagenic

Inhalation

TRxAT [qu (70 years]l]
r year

3
SI‘res-air-mu ["'g’fm ]_ 1 day
- - |=
[24 hnurs]

-1
= 350 days | 24 hours | ug .

ot o ) oy )

-1
350 days 24 hours
ED, - [yrs)<EF ¢ [W]xET}E [W]xu_m [“%3] x3]+
-1
350 days 24 hours
“05.15 (115 Py art T 10 24 e (49 ﬁ]+

¥
350 days 24 hours
ED15-25(WSI"‘EFW-QE[—YEE,, J"ET15-25[—,:| J"'UF"[%aj "1}

I{

s

s

L

ay
LIS
Vinyl Chloride
Inhalation
3 TR
SI‘res-.‘air—ca-\rinyl chloride ["'g’rm J - -1 350 24 h 1
days ours da
|UR(”9 <EF Y5 |xep._ (26 =ET = 1
ABJ reS[ year res (28 ¥eare) “ETyg day 24 hours

-1
|UR[“y3] N =
m ays .
AT oo [W LT {70 ye arsj]
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Trichloroethylene

24 hours

Inhalation
TRxAT, [ 22827 (70 years)
3y _ res ea
SLres-air-tte (”g’rm ] - _1 14
Hg ay

e [ /3] : [211 hnurs]!
350 days 24 hours

\EDresPE years ‘EFres[ e ] res[ . ]xCAFi (9,755)J+
350 days 24 hours |

EDM[E years xEFM[ oo J _2[ Tay J MAF-I[G.EM)x1l]J+

.

148

Return to Equations Table

350 days
EDQ_E( years rcEF2 6 ] Ts. E[

ED,g.og (10 years) xEF.

EDg_4g (10 years)<EF; . [
LY

16-26

350 days
year

24 hours
] ETE1B[ ey J MAFI.(EF.244):43]+

350 days 24 hours
— T |=ET. =MAF. (0.244)=1

i ]xMAﬁ (0.244):6}

ay

Calculates on Recreator Exposure Defaults and Recreator Sediment Equations

Return to Equations Table

Calculates on Recreator Exposure Defaults and Recreator Surface Water Equations

Return to Equations Table

Noncarcinogenic

Shesfeh-ne ing (mofky)=

Carcinogenic

=l

res-fsh-ca-ing [mgf'kg):

J65 days
THQ=AT, [WXEDr (26 years)]xawa (80 Kag)

B
er (3204315 | g (26 year)x;xlﬂlz mg |, 107Ky
r year r B g 3l day Tmy

0l Kg-day
. 3BS days | .
TRxAT, [W LT (70 years)] By, (80 Kg)
-1 R
eF [ 3209338 |uep (26 year)xcaF [ _MI_| «ipF [ MO [« 10 K
Pl year r B Ki-day Aday ) 1 myg

Return to Equations Table
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Industrial Commercial Worker RSL Composite Worker Equations

Soil (Composite Worker)
Noncarcinogenic

Ingestion
THQxAT, [%xmw (25 years)]xaww (80 kg)
SL ; ; (mgfkg) =
wi-soil-nec-ing 6
er, [250 3295 eD (25 years)x—RBA___«ip. [100.m9 |«[ 19" ke
w year w RD mg w day 1 mg
01 ky-day
Dermal
THO=AT, [%xmw (25 years)]xaww (80 kg)

SLy.soikne der (Ma/ka) =

2 £
EF,, (250 _daYSJxEDW (25 years)x ! =W [352;' e ]xAFw ['112 ’“9] xABsdx[11D kg]
= R | M _|xGia8s ay em? my
O kg-day

Inhalation

THO=AT, [355 days

=ED (25 yaars)}

s"w-suil—nc-inh (mgfkg) =

EF [250 iays]xED (25 years) <ET,, [8 thJ [ 1 day ! 1

B =

Carcinogenic
Ingestion

TR*AT,, [Eg—j:;ﬁxu (70 years)]xaww (80 kg)

SLw-soil-cal-ing (mg!kg:l =

-
days mg my 10 kg
EFw [250 ﬁ]xmw [25 years)xCSFD [kg-day] xRBAxIRW [HJDE}:[ Ty

Dermal

TR=AT [363 days

=LT(70 years)]XElW (80 ka)

Sbyy-soil-ca-der (M) =

CSF ﬂ]
2 £
days °(kg-day 3527 cm 0.12 mg 107° k
EF,; [250 _Lyear]‘EDW (25 years)x SAET xSA,, e *AF, ", *ABS jx J-,l o

Inhalation
TRxAT [35;:35’5 «LT(70 ysars)]
SL\mr-snil-t:a—inh (mg}kg) =

1
days 8 hours 1 day 1000 pg 1 1
EF, .| 250 ED, . [25 ETy UR | H +
{ yea ])It W( years)x [ day ]x[% hours}X [/] [ m3 )
F
= PEF,, _kg

Return to Equations Table
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Noncarcinogenic
Inhalation

y 3hE days (1000 pg
THO=AT, [W ED,, (25 yearS)J [ —~ J

Sy aione [19/m? =
w-air-ne | F 250 days 8 hr 1

EF,,, [W] <ED,, (25 years)=ET [24 hr]x -
RIC ﬁfg
T

Carcinogenic
Inhalation

J65 days
year

=
250 days 8 hr
Eﬁw[__ﬁaT_JxEnw EEyeam)XEﬂm[zdhr]MUH[ﬂ%ia]

Return to Equations Table

TR=AT [ «LT (70 years)]

3_
SLw-air-u:a [“g’fm J_
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Construction Worker RSL Standard Vehicle Traffic Equations

Soil
NOTE: VURAM uses Subchronic toxicity values where available for construction worker scenario.

Noncarcinogenic
Ingestion

50 weeks 7 days

THO*AT,, [EwC e

*ED (1 year)]xBWm (E[I kg)
SL

cw-soil-nc-ing (mgfkg) =

year cw 1 mg

-6
50 weeks 5 days RBA mg 107 kg
Ech [EW‘:W ——=DW K JXED [‘I year)X—JxIR [330 m]*[ ]

Dermal

50 weeks 7 d
THQ:ATwa[E\,v wecks 7 8ays,ep (1 yssr)]xﬂ\u‘h"cw (80 ka)

year waek
1 s, [352.:3;”'2]“%[“'3 ?QJ*AB% [10 m:gJ

RID [ i JxGIAEIS e

o

SLcw-sniI-nc-dal [mg!kg) =

50 waeks 5 days
EF.y [Ewcw WKDWCW — ]XED (1 year)=

kg-da

Inhalation

A0 weeks ?da),rs
THOxAT [EW e

oW " year  week Yook Coc (1 yaar)]

Sley-soilnceinh (moskg) =

50 weeks 5 days B hours 1 day 1 1 1
F 1
EFew [E O year DWou week }(EDEW( year:IXETCW [ day ]1[24 hlJurs]X mg h w3 * ma
RIC /3 WF__|—| PEF__|—
m st | ky st | kg

Carcinogenic

Ingestion
365 days
TR=AT [qu (70 years)]xawm (B0 kg)
SLCW-SUil-ca-ing (makg) = -1 5
EF,,, [Ew,, 20weeks oy S93¥ Len (1 year)xCsF, [ M9 | <RBAxIR,, (330 M || 10_ke
oW W year ¥ week 0| kg-day oW day 1 mg
Dermal
3654d
) TRXAT_ [__E:_stu (o ysals}J <BW_, (BO ko)
SLcw-soiI-c:avdar [:mg;‘kg) Z= 1
F ol
50weeks 5days), i U[kg-day] . 3527 cm? o 03 my L[10° kg
= [EWCWW DW,,, W] EDch year) Sine SAL, T AF, — x ABS .
Inhalation
365 d.
THKATcw [Ye_:rws =T (?D years;l]
SLeyesgil-cainh [Meke) =
A
A0 weeks 5 da 8 hours 1da 1 1
EFew [EWC“’ year “DWew weey:]xEDCW f year:]xETcw[ day[ }{24 hOErS}XIUR [U%:‘]] " E] 5 m3
VFSC[E] PEF,, [E]

Return to Equations Table
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Groundwater
See Construction Groundwater Trench Model in Appendix 3.
NOTE: VURAM uses Subchronic toxicity values where available for construction worker scenario.
Return to Equations Table

Recreator

Soil or Sediment
Noncarcinogenic Child
Ingestion

365 days
THGXATrec—c[ year *EDyec-c [years)]x rec-c (15 ko)

SL o eing.c (Mofkg) =
rec-soil-ne-ing-c 6
EF days SED (years)x RBA <IRS 200 mg |, 10" kg
rec-c | year rec-c - mg rec-c|” day Tmg
0l kg-day
Dermal
- THQ"ATrsc-c[BEi_;:E"EDrec-c (Yea's)J‘Bwrsc-c (15 kg)
Shiec-soikne-der-c (Mg} = = [days o e | - 2373 o - 02m3 ), pps 105kg
rec-c ﬁ}x rec-c \JEAS " mg 2 ec-g day & rec-c[ s ]x dxw
[nrc:0 [kgday}emss]

Inhalation

365 days
THQXATrec-c[ year KEDrec‘,—c(years)]

Serel:-soil-m:- inh-c (m g"kg) -

days|, % hours| (_1day | 1 . 1 1
) e (R o e
3| | vF.|—| PEF, | —
m S| k e kg
Noncarcinogenic Adult
Ingestion
365 days
THQxAT o 4 [W”Earec—a (years)]XEWrec_a (ED kg)
Slyec-soilne-ing-a (mgiky) =

-B
days RBA 100 mg ) 10" kg
F ot s S —
E rec-a [ Ygar]J‘EDrgﬁ'a (Years)x RID mg " RSrEC'a [ day ]K 1mg
01 kg-day

Dermal

365 days
THOxAT ¢ 5 [WL'EDrec-a [years)] BWigr. g

2 -6
days 1 BO32 cm 0.07 my 10"%ky
EFrec—a[year]*E rec—a(?’ea"s)*[ [ e ] ]*S‘a\rec-a[ day ]*AFrec-a[ il *ABS < Tmg
RfD =G|ABS
o

ka-day

(80 kg)

Sbec-soilkne-der-a (mofkg) =

Inhalation
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365 days
THQ=AT, [W*EDreoa{yeafs)J

SL

rec-soil-nc-inh-a (makg) =

days hours 1 day 1 1 ” 1
EFrec-a [year]:‘EDre'}ahraars)’CET'EC‘a [ day JX[ZH I'm!.lrS]:IE ric[ms ’ CHe 3
43 VF, PEF,,

m
k

113
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Carcinogenic

=LT (?U yrears)]

Ingestion
365 dayg
TR:ATreC (
SLrel:-sniI-ca-ing (mga‘kg) -
mg
CSF, (kg_ =

where:

days
EDrec-c (years) *EFrec.c [ ),ear] *IRS oc.c [

-1 B
mg 10" ky
1.r] XRBAXIFSrecadJ( ] [ == ]

200 myg days 100 mg
] EDrec-a (years)xEFrEDa [ yearJ “RSec.a [ day
+

mg | _
IFSrec—adj [Tg“] B

Dermal

Shyec-soil-ca-der (mg/kg) =

where:

mg | _
DFS,qc. adj[ g]_

day
BW{EC'C (1 5 kg) B\Nrec—a (ED kg)
365 days
TRxAT .. [W x LT (?’El years)]

CSF {—mg J

0| ka- -6

KOy ) | xDF S, g M| xaBS x| 1L ke
GIABS rec-adj | Ky g

EDrec-c [ye ars}

X EFre:: ¢

2 %
days] 2373 cm [D.?mg]
——|x8A __ _|———|xAF__ _|——
{}, ar rec-c day rec-c sz

ED

fec-a (

years)

*EFeca

|

—
year

v i +
BW.ce (15 kg)

days 6032 cm? e =
rec-a| " gay *Afrec-a )

Inhalation

TR=AT .

X
BW . , (60 ko)

365 days
[YT LT(?I] y&ars)]

lye c-soil-ca-inh (moskg) =

p 1000 pg days
lUR[/ ] [ Fhrec vear )
WF,

= kg

wE

; 1 hours 1 day
— + 3 Dy (vears)xET [ day ]x[24 hours]
— | PEF,
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Mutagenic
Ingestion

TReAT | B2038 ) 770 years)
- rec year

rec-soil-mu-ing (ma/kg) =
mg

where:
P

K =
myg 107 kg
C5F =R BA=FSM =
”[kg-dar] rec'adl[kg] [ mg ]

. days | 200 my |,
EDp.o [ years) EFDQ[}-‘EEI‘] lRSI}E[ Tay J 1EI+
B - |I’Iﬁkg]|

days 200 my
ED- IIYearSjXEFE_E[YEErJXIRSE_E[ Ty Jx3+

my | _
IFSM e 4 dj [E] B 44

EF'-NE_E |11 ] kg:j

S 100 mg
EDE_1E(Fears)xEFE_1E[Year]leSE_m[ Ty Jx3+

BV 15

(B0 ka)

y days . 100 my -
EDyg o6 (vears] EF15-25[3,EW] lRS’IE-EE[ Tay ] 1

B

-, 16-28

(B0 kg)
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Dermal
TR=AT . [36:::?3 =T |:7|:I years)]
SLiec-soikmu-der (mgkg) = 3
mg
CSF [ ] .
ﬂ =[IF S | mg <ABRS x 1UEkQ
GIABS rec-adj | kg 4| “mg
where:
’ i
2
days 0.2 mg 2373 cm
o+

¢ 2
= days | D2mg|, 2373 cm” |
EDE_E(yEar'S:[ EFZ‘E[year] AFE-E —2] SAQ—E T‘y 3
cm i
BW, - (15 ka)
mg| _ 2B
DFSMrEC_adj[_kg] .

2
days 0.07 my 6032 cm
EDE'”‘B[Wars)xEFEJE’[year]!AFﬁ'm[ emé }SAEJE[ day ]23

2
days 007 mg B032 cm
5915-25(5“9“9)"EF15.25[Year]"*“*ﬁa-zs[ — ]"S‘HE-QE [‘ day ]h=1

\ BW, .25 (80 ka)
Inhalation
365 davys
TR=AT [—ar:'fx LT (70 yeargj]
SLre|:-5|:|i|-rn|_|-ir1h (mgfkgj=
1 1 1 1000
IUR Hy x + . bg ],
m3 m3 m3 mg
WF. |—| PFEF, W

s

. days |, hours) (_1day |,
‘\EDD_E[z.fears) EFD_E[FW] S [ day] [Mhnum] 1DJ+
i

. days |, hours | Tday |,
NEDQ-E{YEEH) EF?'E[g,rear] ET. g [ dag.r] [24 hnursJ 3]+

. days . hours)  1day
Va1 (vears) EFE-1E[year] e 1 [ da}f] [24 hnura] 3]+

g
g

days hours 1 day
ED15-25UEW)"E%-QE[Year]"EﬂE-za [ Tay J"[zd hnurs]’”]

L
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Vinyl Chloride
Ingestion

sl

Dermal

sSL

Inhalation

rec-soil-ca-ve-ing (mofkg)=

rec-soil-ca-ve-der [mgfkg) =

TR

my
CSFD[

-1
J =|F3
ay

kg-d

(mg, 10Pkg
rec-adj | ky 1 mg

ATI’ECS [

my
SF'I' [kg-da

AB5 days

J

yoar =T II?EI years}lJ

200 my 1D'Ekg
= =
FBCSC | day 1 my

BWI’E CsC (15 kg)

SLre c-soil-ca-vc-inh |:m gp'kg:l 2

TR
-1
mg
o [kg'da}'] mg 10k
GAES O Srecadj[kgj ABS e g
365 4 i
EYS
AT [qu (70 years)}
mg !
542 ) L T
D[kg-day] SA 2373 cm DEmg xAESUD'EKQ
GlABS rec-c day rEC '3 1 mg
BW o (15 kg
A
TR
1
UR [bg (EF  [days], o haurs x[ 1 day ]x 1000 pg
’ [43] - r“[year EDrgc (yeare) "ETyg. day } \24 hours mg .

365 days
Trec[

m3
= =LT (70 years:]]x\fF [ = ]

“

m

k

3
9

my

S
IUR ‘%
i x[1DUD pg]
F
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Trichloroethylene
Ingestion

She csniltor-ing (ma/kg)=

where;

my |-
”:Sreu:-adj [k_g]_

where:

g
IFSMg o [k_gJ_

TR XATrE oe [

365 days |

Joar LT {70 yeara}]

ceF [ MY
u [kg-day]

s

s

g
[CAFD (0.804)=IF S, c-adj [En +

T (10 kgl
mg

days 200 my
EDrecac (YE ars:l xEFren::Sl: [year}leSrecsc [ day J N

x mg
[MAFD (0.202)<FSM .y [E]]

BW o cor (15 kg)
ED ED EF 9a¥s | 1Rg 100 g
( reu:s”earg}l' reu:a-:|:'-""'35'r5:|)H recsa H “Ih=raesg T}’
BW e (80 kg)

EDp 5 [years)

EF [_daf"SJmeD , [EDD mg]xm
0-2 | wear - day N

. days |, 200mg],
ED,_g (vears) EFE_E[P_EE”] ”:*52-5[ Ty ] 3+

BV, 5 |I1 5 kg)

ED: 1 (ye ars:l

BV, ¢ (15 ka)
=EF

days |, 100 mg |,
5'15[}.-93['] lRSE"]E[ da'..l.- ] 3+

days
ED 15 o5 (vears) xEF 5 o [ Jear Jx

B4 (80 ko)

100 mg ”
day

16-26 [

By,

1626 (80 ko
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Dermal

Slrec-soitce- dar [mgﬂsg} =

where:

mg] _
DFSreu: ad] [ ky ]

wharea:

mg o
DF SMyg . g [k_g]

Inhalation

SLrec—suiI-tcs-inhimgfrkg:' =

365 days
TR=AT . . [e—

=LT(70 reals)]

mg
con, (8

kg-day] 105y my
e bl CAF, (0.804)xDFS .,y W =ABS | +{MAF, (u.:an:z)al:JFSMrecM‘J J|-aBS,

days 2373 cm 0.2 myg
EDrec-c [Fea*s)“EFrecc[ ear] Aree c[ day ]kAF’“‘C[ ] ]
+
BW . (15 ku)
days 6032 cm 0.07 my
[ Dygc (vears)- EDrecc{fearsn reca[:,gar] 5Areca [ day ]"N—rec-a[ e ]
raca[au kg)
2
days 2myg 2373 e
EDu-zifﬂarS]‘EFu.z[ye J"AFuz[ = ]"3"‘13-2 day ]'m
BV 5 (15 k)
2
days 0.2 mg 2373 cm
ED mars) =EF. =AF. =5 A, Eeeri it Ll | S
2.5 years) 26[ ,] :Ja[ = J 2-5[ oy }
+
EIW'E_E E15kg:]

2
days 0.07 mg B032 cm .
EDg.1g (years)=Efg. 16[,-93,} Pl 15[ ) ]‘5‘*5-15[75;‘1; ] 9

EW 45 (80 ka)

. days | 0.07 my
EDjp.p5(vears) EF15-25[M,] *‘*ﬁs-ze[ Fo

BW .05 (80 ko)

TR=AT ..

[355 days . 1 (70 ye
yaar

ars)]

VF | —

-1
1 1 1000 1da
IUR[Py ] % + = PE . L
(i3 3] 3] me 24 hours
m m
PEF

5| kg kg

da
EDD-2 (YEQI’S:] IEFD_Z [ :T] =

days days
CAF, (0.756) xEF,,. [_]x ED. g (years)=EF, & [ yeaer

year

days
ED EF,
g.15 (Years)x 5-15[ =

hours
EDq (vears)=ET,, [W]

da

hours
ETy. [ 2L y]

haurs
Er?'E [ day ]

=MAF, (0 244):10]

=MAF, (0 2:4):3]+

haours
] ETE 16 [ e ]:MAFi [CIQIM:]:G]J-

s
ED1g.05 (years) *EFyg 5g [Iea,]‘Eﬂa-zs [

haurs
T ]xMAﬁ (u.244)x1]

VDEQ | 629 E. Main St. Richmond, VA 23219

119



Virginia Unified Risk Assessment Model User’s Guide | 2016

Supporting Equations
Child

ED years) = EDy 5 [years) +ED, [years)

rec-c |I

BWEI-E Iikg:IXEDD_E (yearsjl +EEW2_E (kg)XEDE_E (yearajl

B kgl =
li g) EDgo (years}l +ED- (years}l

Fec-c

events events
’E"FEI-E[ Tay ]xEDD zlzyears:lﬁﬂan E[ T2y ]xEDE_E Iij,fe:arsjl

Bve ntsJ _

AF
rEC-C[ day EDg.o [years) +ED5 ¢ [ years)

day days
day‘gj _ EFD 2 [ Yea rJ XEDI:I 2 |:'_-,-'EEIrS:| +EF2 E [Yearj XEDE_E |I'_'|"Ear5:|

FFrecc [ rear

S |I'_-,-'E ara]l +ED- |I'_-,-'E ars]l

hours hnurs

hnurs] ETD'E[ day ]XEDEIE [ years)+ET, g ]XEDE 5 lyears]
EDp.5 [ years)+EDs ¢ (years]l

2
Elr]XEDD 5 | years +SAQ g [d ]XEDE E years]l

ED, , [years]+ED, . [years]

Cm

oA,
. 0-2 [ da
oA =

rec-c

day

= mg =
I’HQJ _ RSy 5 [dayJ EDp - [wears) +IRS, [dayJ ED, ¢ (years)

IRSec-c [day

EDj.5 |13.fear5;| 0, (years}
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Adult

ED g [years) = ED: 15 (years}+ED1 E.OR [years)

B 1 (ka)*EDg ¢ g [ years) +BW) g og (k) xEDy g o (years]

B (kg}l - EDE-1E I:j,rears:j +ED1E-EE (years)

rec-a

events events

AF v B _ ."['".FE_15 [ da}f JHEDE 1B |:'_|,I'Ear51| +.l‘E".F.1E s [ ay ]KEEH BT |:'_',"EEI r5:|
rec-al day EDg g (years}l +ED505 |['_-,-'E ars}l

days days
dast EF5-1g [YEar]xEDEJE (years) +EFyg o [ year]‘EDm-za (vears)

EFreca [ year ED: 1k (years]l +EDy 5 o5 Eyears]l

hours
J”EDE 15 (vears]+ETyg 25[ T2y J“EDm-zE(FWS]‘

EDg 15 |I'_-,-'E ars]l +EL 505 Iij,rearsjl

hours

ET,
ha ura] _ 5'15[ day

Eliec-a [ day

2
CIm CIm
; ] “EDp.q (vears) #8845 g [ i

oy 9f516 [da
S.n":"u. CIm —
rec-a[ ]

=2
; ]XED“S_EE [years)

ED: 4g |I'_-,-'E ars]l +ED b o (yea rs}l

day

mg JXEDE 1 lyears) +RE, o o QJXEDE-EE“E ars|

RS
Rs, [ma)- 1 [d‘”
Fec-a | gay EDg 1 (vears) +ED, ¢ o [ years)

Age-Adjusted

ED, . (years) = EDp 5 [years)+ED, - [years) +ED; 4 (vears) +EDy g o (vears)

day days days day
EF. =ED ears | +EF =ED ears) +EF, ED, ears) +EF. =ED Bars
[days]z U-?[ye ] 02 (years) 28[3, ] 2.6 years) S!E[Y ] 616 (vears) 15:45[5,Ear 16-26 (years)
rec

year EDp .o [ years)+ED- - {years)+EDg 45 (years) +ED5 o5 [years)

hour

ET,
hours] _ 0‘2[ day

Elrec [ day

hou
]xEDD 2 (years)+ET,, 5[ - 3} ED, ;5 (years)+ETg._ 15[ ]:EDG 16 (vears) €Ty 5 55 [ ]"EEHG -5 (vears)

EDp.5 (years)+ED5 ¢ (years)+EDg 45 (ye ars) +ED; o (years)

Return to Equations Table
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Surface Water
Noncarcinogenic Child

Ingestion
THQ=AT . [355:;?3"5 *ED g e e (yeafs)]xawrec_c (15 kg)x[%]
=1 . /L) =
rec-water-nc-ing-c (UQ ) days ), ep ( n 1 « |AW 005L), gy events | -t hours
rec-c year rec-c yeale RID my Mec-c hour rec-c da}f rec-c | ayent
0lkg-d
Dermal
FOR INORGANICS:
Hy 1mg events
Covater [T}‘[mgg ug)xEvrecwc[ day JXEDrecwc (yearsj 7
days 2 1L cm hours
EF"ECWC[yearJXSAmCWC (53?8 o ]x[mm cm? K {Four ) *ETreowe | avem
COl oc.water-nc-der-c (Mekg-day)= 365 days
recw { year “EDrecwe (years)]xEM’recwc (15 kg)

FOR ORGANICS:

ug events
DAevent [ 2 J * Evrecwc[ da ]xEDrecwc (years) .
cm”- event ¥

days 2
EFrecwc [ﬁ] xS'ﬁ‘nal:w\rc [5378 em ]

365 d 1000
Kl [ﬂ o1 PO (years)]x [7%} xBW (15 kg)

CDlec.water-nc-der-c (MI/kg-day)=

year mg recwe
where:
hours * ug om
IfET [—] < t |hours) then DA, ———[=xFAx K [—Jx
recwt | ayent ( ) event [ch' event] P | hour

6x ¢ hours y hours
c [pg]x[ 1L ]x event | eyent Fecwc | event
water | 7

L/ {1000 cm? ,,
or,
hoursy . * ug cm
IfET ——|>t [hours) then DA —_|FFAxK | —
reCcWwe {event] ( ) ' event [cm2~ went} 4 [huurj
hours
ET _
- Mo, 1L . recwc[emnt] S hours) [1+3B +382
water | | 1000 cm3 1+B event | ayent (1 N EI)Q

Noncarcinogenic Adult
Ingestion

365 days
year

1000 pg
THRxAT o 5 ( *EDygc.a (years)]XB\)\fre&a (80 kg)* (m—g]

SL

rec-water-nc-ing-a (“ gfL)

days 1 00sL events hours
EFrec-a [}gearJXEDrEl}a(years)foD mg * IRWreo-a { hour JKEVFEC-Q [ day JXETFEO'a[e\(in]
o l kg_dl
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Dermal
FOR INORGANICS:

DA [ ug ]x 1000 cm?
ceels cmz- avent L

Slie cwater-ncdera (ball) = o hours
P L haour “Eoventrecc event

FOR ORGANICS:

DA ug « 1000 cm®
hidrs " B B“'Bm[crr;z-evenr] [ L
IFET untisia [ J <t [hour) then SL =

b iihin L
T rec-water-nc-der (PO/L) o p—
emY B Tevent| Soant | * ETevent-rec-al vant
2x FA = Kp [ ]

haur T

or,

DA ug .| 1000 cm
hours * Erent cmz- avent L
IF Eleventreca [m] >t (hour) then SLy. ¢\ ater-nc-der (HOL) = =
cm Eleventreca [event] hours)_[1+38 +382
FApr_x—+2xr b W e e o
haur 1+8B event{ event (1 +E)2
where:
365 days 1000 pg
5 i THO xATmW[—Mr <ED . (]rears}}[ - ]xawrwa (80 kg)
DAgyent ] -
me- event
mgl *EVieca {%ﬁ:_ytﬂ *ED e o (yoars) xEF o, [‘%?J “SArec.a [1 9652 sz]
: <GIABS
kg-day
Carcinogenic
Ingestion
TRxaT (358 day¥s, ¢ (70 years) |x 1000 pg
rec ear my
sL o (woiL) = y
rec-waler-ca-ing

-1
. k-3
CSFo[kgﬁday] *‘FWrec-adJ[kg]

where:
events days hours 005L
Evrec-c[ day ] x EDyg ¢ (Years)x EF o ¢ [ year]x ETrec-c[e\, ent) xIRWoe.¢ ( hoor ]
IFWW di [L] — BWrec—c (15 kg)
ree-at)| kg events days hours 0.05L
Evrec—a[ day ] x EDjg .4 (years)x ER g [year]x ETrec-a [event]x IRWrec-a[ hour ]
BWq (.5 (80 ko)
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Dermal
FOR INOR GAMNICS:

3
DAevent[ zug ]x 1000 cr
- cm*”- avent L

rec—water-ca-der[”gﬁ‘) em ) et [ hours
ol hour event-rec-ad] | gyant

SL

FOR ORGANICS:

ug 1000 cm?®
DA, x
hours event [cmz- e\'em] [ L

event-rec-adj [evenl] £ [hour}:hen Sl‘rec—wahar-i:a-der |:|_|gfl_} = R tos
f " Tovent [e"rgnl] & ETevent—rec—adj [gvgm]

5

3
17 - [ ug ]x 1000 crr
sz_ event L

IFET

2xFaxK | EM |4
B P[hour]'{

IFET Ivodts

event-rec-adj [eventJ >t [hour)then SLg. yater. ca-der (L) =

ET ( hours
o eventrec-ad)| gyent hours) |1 +3B +382
EA = KK Bl — 4D B
Pl hour 1+B event | event il +B)2
where:
TR = ATrec [____355 ElaYSxLT [?D ye ars}]x[MJ
B ug . year mg
event 2 -1
cm™- event car mg
o kg-day < DFW _ events-cm?
T GIABS rec-adj kg
wheare:
events days 2
E"rac-c[ - ]XEDrEC_E(Years) *EF o0 [_mr]xs;\m_c [5355 e ]
+
DFWY wents—l:m2 = HWIE cC [}5 kgj
rac-ad) kg days

events
Evrec—a[ day ]’EDrec-a (years) x EFrec-a[ war]'s’a‘rec-a [1 952 .:m2]

BW,,., (B0 ka)

and:
T hours <ED + ET hours <ED
s [huurs] ~ eventrec-c| ayant rec.c (Years) event-rec-a | ayent rec-a (vears)
event-rec-ad] | oyant ED,,.(vears) + ED _(years)
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Mutagenic
Ingestion

SLip e water-m u-ing (pg;’L) =

where:

LTe
IFWM oc.a dj [k_g] -

year

[365 days 1 (70 years)] . (1000 pg]

mg

\

] L
XIFWM o adj [k—g]

days 0osL events hours

ED =EF =|RW =BV, =ET =10

0-2 (ye ars) 0-2 [year) 0'2[ hour ] 0-2 [ day J 0-2 [event] +
BWj., (15 ka)

S (vears) XEFIE-B[

days]xm
year

00&sL events hours
W, xEV. <ET. =3
2'5[ hour ] 2'5[ day ] 26 [event} i

ED6—15 [years)XEFS_TE [

days

y ],,
year

B g (15 kg)

00s5L eyents hours
RW5'15[ hourj EVS'TE[ day ] ET5'15{even1] 3

ED, .06 (years)xEF g g [

days

year

y 00sL even
]le‘N‘lE-Qﬁ [ hour XEV15-26 day

BW_1q (80 k)
ts hours
]"ET15-25{M,“]“1

BW5.26 (B0 ka)
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Dermal
FOR INORGANICS:

pyg im events- cme
Cater [T] [WDJIJQ] DFWM‘&D&CIJ[ kg ]z

1 cm
[1030 om? J 5 [ham ]xETrBEW-madj [—

CDl\e . water-mu-der (mg/kg-day) =

]"3"13.2 (6378 em? J<10

AT [MsLT {70 yeats)}

+

]xsaza(aa?a ém ] <3

+

e ar

]xSAa,E (20000 cm?) 3

TR
where
avents days
EVrecwD-E[ day ] EDg.o (2 years) x EF .., D-?[ year
BV 5 (15 ka)
evants ays
EvracwE-B[ day ]xEDE-E |:4 years) : EFracw 2- B[ year
5 BiV.g (15 k)
events- cm” |_
DFWM{EC_NJ [T}_ avents days
E"’remats[ oy ]"EDE 16 {10 years) = EFrecwE—1E[
BV 4 (B0 ko)
events
Evracw 18125[

+

day 2
T,]‘EDIE-QE (10years) = EF ) 45 zs[year] Shig.28 [2”9“0'3”" ] L

BWig. 25 (30 ko)

and.

hours

hor

hours
Elacwn2 [ E\JBHIJ *EDp o (2 3'"””5]' *EToew 2.6 [ avent

hours

event

] *EDy g [ 4 years)+

1 *EDqg,. 95 [10 years)

-1
hours Elrecw6-16 [avent] “EDp. 1 (10 years | +E Ty, 5. 25(
ET ecw-madj [,_Went} =

FOR ORGANICS:

2

ug eyenis - cm

DAevent[sz_ e”nt] ) DFW""rec-adj[ kg ]
CDlrec. water-mu-der (Mo/ka-day) = 365 days 1000 pg
ATrec\-v[ - =LT(70 years:lJ R[ T J
where:
hours ug
]ft—rret.wmadj [evgm] (haurs) then DAeveni[cm WEHJ =2xFA=K (huur

]x

EDD_E(years) +ED2_E(fears) +EDE—1E [yaars) +ED15_25(fears}

hours

h

ours
avent

[t JJE"E”E"T[m]‘ETw-adJ[
water | 7

1000 e’ g

ar

hours + ug cm
If ET . |——=|=t [hours]ihen DA —— | =FAxK %
e cw-madj [a\ranl] {pouss) Event[cm?- erentJ P {hDWJ

hours

T 1000 o 1+B

event

ET Ll
c g 1L recw—madj[evem] 5 hours |1 +38 +382
weatar 5 * *LF Toyent x

{1 +B)2
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Vinyl Chloride
Ingestion
TR

1
mg L my
e, (e ] W) )|

365 days
TE[:[ yaar xLT ?'EI year‘s)]

] hr 0.05L m
g M8 | er =300 ZRL | _mg
0 {kg—day] “lrecc [rdayJx rec-C hour “[mun po

BW ge.c (15 K9)

al

rec-water-ca-vo-ing l:“g”-:l =

where:
events - days hours 0.05L
Evrac-c[ day_] % EDpge.c (voare)x EFyp o [_yga[ }: Elreec [w_am}'m"frec-c [ hour ] 5
IFW 5'[L] - Wiacwe (19 K9)
recat)| kg events days hours 0.05L
Evrac-a[ day J *EDyge., (years) EFrac-a[ year ]" Elrec-a [avant]x 'Rwrac-a[ hour J
BW, g4 (80 k)
Dermal
3
ugy ” 1000 em
hours g _ Phavent [cmz- evenl] [ L ]
IF ET o e nt-rec-adi [ﬁ]" t (hours)then SL o ooy e ger (HOL) = m — - e
ax FA xK_[LM rwem[wgm] = evem—rec—adj[gugm]
3 [W] m

or,

3
1000 crrv
DA ug Jx
event [ch— L

avent
hnurs]

cm Ereverlt—rel:-adj[wgm hours 1 +3B +382
FA=kK |— % | ——————————— <+ +0 = ¢ 1 _—
Pl hour 1+B BYEnt| event (1 +El)2

hours
event-rec-adj | ayant

IF ET,

] >t [hours) then SLipcwater-ve-der (9L =

where:
i ) TR
Pevent [cmz—event] my mg T
CSFU[kgldaYJ =DFW events-cm? o [ksrdw] gy [ZrES)as (6365 om?
—GmEs rec-adj kg GIABS reecl day rec-t :
+

365 days 000 pg LLLET

HE“T;ec[ yea el sz] [ g J BWge.c (15 kg}‘[ mg ]

where:
evants days 2
E\'f;'ec—t:[ day JKEDrec-c (rears) 2 EFlec-c [W]XSAIEC-C [5355 En ]
L
events—cm2 = Ewrac-c [15 kg)
DFWec- adj ky - events days 2
Beca [ day J‘EDrec.a (years) = EF ec-a [ year stp‘teo-a [19652 cm ]
BW ooq (B0 kg)
and:

ET

hours hours
huu,sJ [ETavenl-rac~c [e‘.-em]xEDrs: :(Y&arS}J+ [ETevanl ec-a [evem]xEDrs:-B[:YearS]J

event-rec-adj [event N ED, ... (years) +ED ___{years)
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Trichloroethylene
Ingestion

365 days 1000 py
TR=AT, .. [WXLT (70 }‘Ears)}‘[m_g]

SI‘re c-water-tce-ing (pg;’L) =

-1

mg L L
CBF, [kg_ day} *RBAx [[CAFU (0.804)xIFW, ¢_aq; [E]]]+[MAFU (0202) XIFWM, ¢ o [ﬁ]]
where:

events days hours 0osL
Evrec-c[ day ] s EDreoc(yea‘S)‘ EFrED_C[Year]x ETrec-c[wemelRm"rec-c[ hour ] .\

BW oec (15 kg)

events days hours 005 L
EVec-a [ day ] % EDpge.q (vers)* ER g 4 [}rear}t Elrec-a [ e‘,em]x IRWrec 4 [ hour ]

BWTE c-a (BD kg)

where:
“Poalrer) oa v (i a5 Fa(m)
B%-Z (15 kg)
e R 0 e 3 e W M T
IFWMe -adj [kLg] = BW, 5 (15 ko)

days oosL events hours
EDg.16 (ears) *EFg 45 [yea,] *RWg.1g [W]’Eva-w [W)"ETB-W [m]”
BV 15 (80 k)
days 00s5L events hours
ED, 5.5 (¥ears)xEFyg o [year]"m‘”‘%-za[ T J"E\’H 5-26[ Tay ]"5715-25 [_e\rent]x1
BW, g g (B0 kg
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Dermal
FOR ORGANICS:
b u ), [1000 em?
Alce-event b _T S
IF ET, ;[ 100 <t I:hours} hen SL ( ,"L} = cme- eyen
eventrec-madj | Teyent | T ! rec-water-tce-der M9 —— —
B 5 [—J «ET . [ ]
i terec-mad
2cFAxK [ ] ] ‘f svent | event svent-rec-madj { vent
P\ hour =

hours

IF BT ent.rec-ma dj [m

where:

o,

J >t [hours) then PRG o ot ice dar (OAL) =

BA [ ug ]x 1000 crr?
tee-event | o o L

ET hours

i v ent-rec-rmad) [eveni] hours) |1 +38 + 382
FAxK | ——|= t2= s e
P[huur] 1+B et [WQMJ 1 +5)2

DA,

[ ug ] )
tog-event cm2-suent

wihere

rec-c dﬁ]’

Cl year

events days
BV, [ ]xEDrec_E (years) x EF [u—]xSAT“_C(ESES on?)

TRx AT __[BE95, 170 yoars) | <[ 10 Y
TeC | year my
5
mg
CSF
2 \kg-day AF. [0.604) =DFW events-em? || [0 (0202) « DFWM BYenis o
GIADS & o (0.804) = rec-adj kg 25 o (0:202) « rec-ad) ko

4

2
events - o
DFWrec—adj [T]

day

BWo (15 kq)

year

events days
Ev,ec_a[ ]xED es [vears) <EF [_] AL [19552 l::m2]

where:

ayents

days
Evl.'.l—?[ 5 ]xEDu_Q{jearsll * EFI]-Z[ =

EWacg (80 ko)

e

]:a«sﬂ_z (6365 cn? <10

events d
EVo g [Ty]xEDE_E {years) = EFy [

B\ 5 [15 kg)

year

ays . Y.
X ] SAy 4 [aaascm ] 3

DFW =

events - |:m2
rec-ad] T

BV g (15 ko)

year

BV16 [a:nls]‘EDe 16 (yeare) x Efg 45 [dayg]’s*ﬁ 16 [‘9552 9"2]*3
6| gy : ; :

+

+

=5

evens

BV, 45 (80 kg)

ays

x d Y 2 =
EV|5_26[ oy ] ED, 5o [vears) ‘Eﬁs-za[ygar]‘s’”‘m-za [19552 em ] 1

and

4]
ETQ\.'B nt-rec [0-2] [

oursJ

g

v ent
hours

event

B 505 (80 kg)
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Return to Equations Table

EDp.p [vears) + EDo 5 [vears) + EDg 45 [vears) +ED o5 [vears)
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Trespasser

Soil or Sediment

Calculates using Recreator Soil or Sediment Equations and trespasser exposure defaults.
Return to Equations Table

Surface Water
Calculates using Recreator Surface Water Equations and trespasser exposure defaults.
Return to Equations Table
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Appendix 3. Construction Worker Groundwater Trench Model
The computations for constructions worker groundwater are based on RSL residential groundwater
formulae with the following computational variations and the construction worker exposure values

provided in Appendix 4.

Exposure of Workers to Volatiles in a Construction/Utility Trench
There are no well-established models available for estimating migration of volatiles from groundwater
into a construction/utility trench. VDEQ recommends the following approach -- based upon a
combination of a vadose zone model to estimate volatilization of gases from contaminated groundwater
into a trench, and a box model to estimate dispersion of the contaminants from the air inside the trench
into the above-ground atmosphere -- to estimate the EPC for air in a construction trench. Two different
methods are used to estimate volatilization into the trench. The choice of method depends on the site-
specific depth to groundwater.

Airborne concentration of a contaminant in a trench can be estimated using Equation 3-1:

Cirench = Cow X VF (3-1)
Where:

Crrench = concentration of contaminant in the trench ug/m?
Cow = concentration of contaminant in groundwater ug/L
VF = volatilization factor (see equations 3-2 and 3-4) L/m?

VDEQ assumes that a construction project could result in an excavation as deep as 15 feet. At some sites
there is a high probability that construction projects with deeper excavations may occur. Contact your
VDEQ project manager and risk assessor to discuss the appropriate assumptions for your site.

If groundwater at the site is greater than 15 feet deep assume that the worker would not have direct
contact with the groundwater but could still be exposed to vapors released from the soil in the bottom
of the trench. In that case Equation 3-2 should be used to calculate VF.

If the depth to groundwater at a site is less than 15 feet VDEQ assumes that a worker would encounter
groundwater when digging an excavation or a trench. The worker would then have direct exposure to
the groundwater. The worker would also be exposed to contaminants in the air inside the trench that
would result from volatilization from the groundwater pooling at the bottom of the trench. Equation 3-4
should be used to calculate VF.

VDEQ assumes that the trench is 3 feet wide by 8 feet long. These dimensions may be too restrictive
depending on the nature of anticipated projects. Appropriate documentation should be provided if
values other than the defaults are used. Contact VDEQ to discuss appropriate assumptions for individual
sites.
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Groundwater Greater Than 15 Feet Deep
( Hi x Dair x ACvad3.33 x Ax F x 10-3 x 104 x 3600 ) /

VF = (3-2)
(RxTxLdxACHXxV x Porvad2)

Where:

H Henry's Law constant for contaminant (RSL table) atm-m3/mol

D.:r diffusion coefficient in air (RSL table) cm?/s

AC..q volumetric air content in vadose zone soil cm®/cm?

A area of trench m?

F fraction of floor through which contaminant can enter Unitless
atm-m?3/

R ideal gas constant
mole-K

T average system absolute temperature K

L distance between trench bottom and groundwater (Equation 3-3) Cm

ACH air changes per hour h?

\ volume of trench m?

Por.,.q total soil porosity in vadose zone cmi/cm?

10° conversion factor L/cm?

10* conversion factor cm?/m?

3600 conversion factor s/hr

The value for R is 8.2 x 10°. A default value of 298K may be used for the average system absolute

temperature.

Studies of urban canyons suggest that if the ratio of trench width -- relative to wind direction -- to trench
depth is less than or equal to 1, a circulation cell or cells will be set up within the trench that limits the
degree of gas exchange with the atmosphere. In consultation with EPA Region Ill, VDEQ has assumed an
ACH in this case of 2/hr -- based upon measured ventilation rates of buildings.

Ld = Lgw — Dtrench (3-3)
Where:

Lgw =  depth to groundwater Cm
Dtrench =  depth of trench Cm

For chemicals that are not included on RSL table, the participant should calculate exposure point
concentrations for air in a construction trench according to the method described above. References
should be provided for the chemical-specific parameters used.

Return to Equations Table
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Groundwater Less Than or Equal to 15 Feet Deep
VDEQ assumes that the trench would only intercept the groundwater for a few inches since a
groundwater pool of more than a few inches would likely require dewatering. Therefore trench depth
should be set to equal the actual depth to groundwater at the site. The default input values and the
equations are described in this section.

VF = (KixAxFx10-3x104x3600)/(ACHxV) (3-4)
Where:

Ki = overall mass transfer coefficient of contaminant (Equation 3-5) cm/s

A = area of the trench m’

F = fraction of floor through which contaminant can enter Unitless
ACH = air changes per hour h*

\Y = volume of trench m?

10® = conversion factor L/cm?
10* = conversion factor cm?*/m?
3600 = conversion factor s/hr

Studies of urban canyons suggest that if the ratio of trench width -- relative to wind direction -- to trench
depth is less than or equal to 1, a circulation cell or cells will be set up within the trench that limits the
degree of gas exchange with the atmosphere. In consultation with EPA Region Ill, VDEQ has assumed an
ACH in this case of 2/hr -- based upon measured ventilation rates of buildings.

Ki = 1/{(a/kiL) + [(RT)/ (Hi kiG)]} (3-5)

Where:

kiL = liquid-phase mass transfer coefficient of i (Equation 3-6) cm/s

R = ideal gas constant atm-m3/mole-K
= average system absolute temperature K

H: = Henry's Law constant of | atm-m3/mol

K = gas-phase mass transfer coefficient of i (Equation 3-7) cm/s

The value for R is 8.2 x 10°. A default value of 298K may be used for the average system absolute
temperature.
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kil = (MWO02/MWi)0.5 x (T/298) x kL,02

Where:

kiL = liquid-phase mass transfer coefficient of component i
MWOQO2 = molecular weight of 02

MWi = molecular weight of component i

kL, 02 = liquid-phase mass transfer coefficient of oxygen at 250C

The value of k, O, is 0.002 cm/s.

kiG = (MWH20/MW:i)0.335 x (T/298)1.005 x kG, H20

Where:

kis = gas-phase mass transfer coefficient of component i

MW,, = molecular weight of water

ke,H.O = gas-phase mass transfer coefficient of water vapor at 25°C

The value of ks, H,0 is 0.833 cm/s.
(Superfund Exposure Assessment Manual, EPA, Office of Remedial Response, April, 1988.)
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Appendix 4. Exposure Defaults Tables

The following exposure defaults are provided by EPA RSL User’s Guide or calculated from EPA RSL
equations where provided by EPA. Exposure defaults are grouped by Media for consistency with the

VURAM report output.

For recreator and trespasser physical defaults, such as surface area and body weight, EPA RSL residential
values are used for consistency. In cases where EPA RSL recommends site specific values VDEQ values
are used and marked with VDEQ in the descriptions below. Industrial/Commercial defaults represent
composite worker. General defaults cover a range of study areas and are related to all media as

applicable. All other defaults are grouped by media.

General

Default Value

Description

365

Construction Worker Averaging Time (days/yr)

365

Residential Averaging Time (days/yr)

365

Recreator Averaging Time (days/yr)

365

Trespasser Averaging Time (days/yr)

365

Worker - Composite Averaging Time (days/yr)

80

Construction Worker Body Weight (kg)

80

Residential Body Weight - adult (kg)

15

Residential Body Weight - child (kg)

80

Recreator Body Weight - adult (Kg)

15

Recreator Body Weight - child (Kg)

80

Trespasser Body Weight - adult (kg)

15

Trespasser Body Weight - child (kg)

80

Worker - Composite Body Weight (kg)

Exposure Duration - age segment 0-2 (yr)

10

Exposure Duration -age segment 16-26 (yr)

Exposure Duration - age segment 2-6 (yr)

10

Exposure Duration -age segment 6-16 (yr)

Construction Worker Total Exposure Duration (yr) - VDEQ

26

Residential Total Exposure Duration - child+ adult (yr)

20

Residential Exposure Duration - adult (yr)

Residential Exposure Duration - child (yr)

26

Recreator Exposure Duration - child+ adult (yr)

20

Recreator Exposure Duration - adult (yr)

Recreator Exposure Duration - child (yr)

25

Worker - Composite Total Exposure Duration (yr)

250

Construction Worker Exposure Frequency (days/yr)

350

Residential Exposure Frequency (days/yr)

350

Residential Exposure Frequency - adult (days/yr)

350

Residential Exposure Frequency - child (days/yr)

195

Recreator Exposure Frequency (days/yr)
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Default Value

Description

24

Trespasser Exposure Frequency - adult (days/yr)

250

Worker - Composite Exposure Frequency (days/yr)

24

Residential Exposure Time - adult (hrs/day)

24

Residential Exposure Time - child (hrs/day)

1

Events - age segment 0-2 (events/day)

1

Events - age segment 16-26 (events/day)

1

Events -age segment 2-6 (events/day)

1

‘Events - age segment 6-16 (events/day)

0.18

Infiltration Rate (m/yr)

0.5

Andelman (L/m3)

70

‘LifeTime Residential/Industrial/Construction/Recreator/Trespasser (yrs)

9490

Noncancerous Average Time - adult: 365days * 26yrs (days)

7300

Noncancerous Average Time difference of adult - child: 365 days* 20 yrs (days)

2190

Noncancerous Average Time child : 365days*6yrs (days)

1360000000

Particulate emission Factor - Minneapolis (m3/kg)

3.1415926

Mathematical pi estimate

3527

Construction Worker Surface Area (cm2/day)

19652

Residential Water Surface Area - adult (cm2/day)

6365

‘Residential Water Surface Area -child (cm2/day)

365

Construction Worker Total Time which construction occurs (days) - VDEQ

1

Target hazard quotient

0.000001

‘Ta rget risk

Soil

Default Value

Description

0.3 [Construction Worker Soil Adherence Factor (mg/cm2)

0.07 |Recreator Soil Adherence Factor - adult (mg/cm2)

0.2 [Recreator Soil Adherence Factor - child (mg/cm?2)

0.07 |Residential Soil Adherence Factor - adult (mg/cm2)

0.2 [Residential Soil adherence Factor - child (mg/cm2)

0.07 [Trespasser Soil Adherence Factor- adult (mg/cm?2)

0.2 [Trespasser Soil Adherence Factor - child (mg/cm?2)

0.12 |Worker - Composite - Composite Soil Adherence Factor (mg/cm?2)

238602 |Recreator Soil Mutagenic Dermal Contact Factor - age adjusted (mg/kg)

428260 [Residential Soil Mutagenic Dermal Contact Factor - age adjusted (mg/kg)

29366.4 [Trespasser Soil Mutagenic Dermal Contact Factor - age adjusted (mg/kg)

57603 [Recreator Soil Dermal Contact Factor - age adjusted (mg/kg)

103390 |Residential Soil Dermal Contact Factor - age adjusted (mg/kg)

7089.6 [Trespasser Soil Dermal Contact Factor - age adjusted (mg/kg)

26 [Trespasser Soil/Sediment Exposure Duration - child+ adult (yr)
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Default Value

Description

20

Trespasser Soil/Sediment Exposure Duration -

adult (yr)

6

Trespasser Soil/Sediment Exposure Duration -

child (yr)

250

Construction Worker Soil Exposure Frequency (days/yr)

125

Construction Worker Soil Exposure Frequency (days/yr) - VRP Only - VDEQ

8

Construction Worker Soil Exposure Time (hrs/day)

2

Recreator Soil Exposure Time (hr/day) - VDEQ

24

Residential Soil Exposure Time (hrs/day)

2

‘Trespasser Soil Exposure Time (hrs) - VDEQ

8

Worker - Composite Soil Inhalation Exposure Time (hr/day)

92950

Recreator Mutagenic Soil Ingestion Rate - age

adjusted (mg-yr/kg-day)

166833.33

‘Residential Mutagenic Soil Ingestion Rate - age adjusted (mg-yr/kg-day)

114400

Trespasser Mutagenic Soil Ingestion Rate - age adjusted (mg-yr/kg-day)

20475

Recreator Soil Ingestion Rate - age adjusted (mg-yr/kg-day)

36750

Residential Soil Ingestion Rate - age adjusted (mg-yr/kg-day)

2520

Trespasser Soil Ingestion Rate - age adjusted (mg-yr/kg-day)

1170

Recreator Soil Inhalation Exposure Duration Mutagen Calculated - age adjusted (days)

25200

Residential Soil Inhalation Exposure Duration Mutagen Calculated - age adjusted (days)

144

Trespasser Soil Inhalation Exposure Duration Mutagen Calculated - age adjusted (days)

330

‘Construction Worker Soil Ingestion Rate (mg/day)

100

Recreator Soil Ingestion Rate - adult (mg/day)

200

Recreator Soil Ingestion Rate - child (mg/day)

100

‘Residential Soil Ingestion Rate - adult (mg/day)

200

Residential Soil Ingestion Rate - child (mg/day)

200

Soil Ingestion Rate - Age Segment 0-2 (mg/day)

100

Soil Ingestion Rate - Age Segment 16-26 (mg/day)

200

Soil Ingestion Rate - Age Segment 2-6 (mg/day)

100

Soil Ingestion Rate - Age Segment 6-16 (mg/day)

100

Trespasser Soil Ingestion Rate - adult (mg/day)

200

Trespasser Soil Ingestion Rate - child (mg/day)

100

Worker - Composite Soil Ingestion Rate (mg/day)

250

Noncancerous Averaging Time Construction Worker Soil: 250 days * 1yr (days)

3339236953.22437

Construction Worker Soil Particulate Emission
Guidance - Philadelphia (m3/kg)

Factor - Calculated using EPA Soil Screening

6032

Recreator Soil Surface Area - adult (cm2/day)

2373

Recreator Soil Surface Area - child (cm2/day)

6032

Residential Soil Surface Area - adult (cm2/day)

2373

‘Residential Soil Surface Area -child (cm2/day)

6032

Trespasser Soil Surface Area - adult (cm2/day)

2373

Trespasser Soil Surface Area - child (cm2/day)

3527 ‘Worker - Composite Soil Surface Area (cm2/day)
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Groundwater

Default Value

Description

8191633

Residential Groundwater Mutagenic Dermal Contact Factor - age adjusted (cm2-event/kg)

2610650

Residential Groundwater Dermal Contact Factor - age adjusted (cm2-event/kg)

125

Construction Worker Groundwater Exposure Frequency (days/yr) - VDEQ

4

Construction Worker Groundwater Exposure Time (hr/day)

0.71

Residential Groundwater Exposure Time -adult (hr/event)

0.6708

‘Residential Groundwater Exposure Time -age adjusted (hr/event)

0.54

Residential Groundwater Exposure Time - child (hr/event)

24

Residential Groundwater Inhalation Exposure Time (hrs/day)

[N

‘Construction Worker Groundwater Events (event/day)

1

Residential Groundwater Events (event/day)

1019.9

Residential Mutagenic Drinking Groundwater Ingestion Rate - age adjusted (L/kg)

327.95

Residential Drinking Groundwater Ingestion Rate - age adjusted (L/kg)

25200

adjusted (days)

Residential Groundwater Inhalation Exposure Duration Mutagen Calculated - age

0.02

Construction Worker Groundwater Ingestion Rate (L/day)

2.5

Residential Drinking Groundwater Ingestion Rate - adult (L/day)

0.78

Residential Drinking Groundwater Ingestion Rate - child (L/day)

365

Noncancerous Averaging Time Construction Worker Groundwater (days)

19652

Residential Water Surface Area - adult (cm2/day)

6365

Residential Water Surface Area -child (cm2/day)

2

Trench-air changes per hour (hr)-1 - VDEQ

0.25

Trench Advection Coefficient Groundwater greater than 15ft (cm3/cm3) - VDEQ

0.001

Trench conversion Factor-1 (L/cm3)

10000

Trench conversion Factor-2 (cm2/m?2)

3600

Trench conversion Factor-3 (s/hr)

8

Trench Default Depth in feet (ft) - VDEQ

4.57

Trench Default Depth greater than 15ft in meters (meter) - VDEQ

2.44

Trench Default Depth less than 15ft in meters (meter) - VDEQ

4

Trench Construction Worker Exposure Time Dermal (hr/day) - VDEQ

0.17

Trench Construction Worker Exposure Time Inhalation (hr/day) - VDEQ

1

Trench Construction Worker Events Frequency (event/day) - VDEQ

1

Trench Fraction of floor through which contaminant can enter (unitless) - VDEQ

30

Trench Thickness of vadose zone Groundwater greater than 15 ft (cm) - VDEQ

0.833

Trench-gas-phase mass transfer coefficient of water vapor at 25deg C (cm/s) - VDEQ

0.002

Trench-liquid-phase mass transfer coefficient of oxygen at 25deg C (cm/s) - VDEQ

Trench default length in feet (ft) - VDEQ

488

Trench depth to groundwater (cm) - VDEQ

2.44

Trench default length in meters (meter) - VDEQ

18

Trench molecular Weight of Water (unitless) - VDEQ

32

Trench molecular Weight of Oxygen (unitless) - VDEQ
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Default Value

Description

0.44

Trench Porosity in Vadose Zone Groundwater greater than 15ft (cm3/cm3) - VDEQ

0.000082

Trench-ideal gas constant (atm-m3/mol-K) - VDEQ

77

Trench default temperature in degree Fahrenheit (F) - VDEQ

298

Trench default temperature in Kelvin (K) - VDEQ

0.38

Trench default Width to Depth Ratio (unitless) - VDEQ

3

Trench default width in feet (ft) - VDEQ

0.91

Trench default width in meters (meter) - VDEQ

Air

Default Value

Description

250

Construction Worker Air Exposure Frequency (days/yr)

24

Residential Air Inhalation Exposure Time (hrs/day)

8

Worker - Composite Air Inhalation Exposure Time (hr/day)

604800

Residential Air Inhalation Exposure Duration Mutagen Calculated - age adjusted (hr)

Surface Water

Default Value

Description

4561277.5

Recreator Surface Water Mutagenic Dermal Contact Factor - age adjusted (cm2-event/kg)

561388

Trespasser Surface Water Mutagenic Dermal Contact Factor - age adjusted (cm2-event/kg)

1453188.75

Recreator Surface Water Dermal Contact Factor - age adjusted (cm2-event/kg)

178854

Trespasser Surface Water Dermal Contact Factor - age adjusted (cm2-event/kg)

2

Recreator Surface Water Exposure Time (hr/event) - VDEQ

2

Trespasser Surface Water Exposure Time (hrs) - VDEQ

1

Recreator Surface Water Events (events/day)

1

Trespasser Surface Water Events (events/day)

51.35

Recreator Mutagenic Surface Water Ingestion Rate - age adjusted (L/kg)

6.32

Trespasser Mutagenic Surface Water Ingestion Rate - age adjusted (L/kg)

12.675

Recreator Surface Water Ingestion Rate - age adjusted (L/kg)

1.56

Trespasser Surface Water Ingestion Rate - age adjusted (L/kg)

0.05

Recreator Surface Water Ingestion Rate - adult (L/hr)

0.05

Recreator Surface Water Ingestion Rate - child (L/hr)

0.05

Surface Water Ingestion Rate - Age Segment 0-2 (L/hour)

0.05

Surface Water Ingestion Rate - Age Segment 16-26 (L/hour)

0.05

Surface Water Ingestion Rate - Age Segment 2-6 (L/hour)

0.05

Surface Water Ingestion Rate - Age Segment 6-16 (L/hour)

0.05

Trespasser Surface Water Ingestion Rate - adult (L/hr)

0.05

Trespasser Surface Water Ingestion Rate - child (L/hr)

19652

Recreator Surface Water Surface Area - adult (cm2/day)

6365 [Recreator Surface Water Surface Area - child (cm2/day)
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Default Value

Description

19652

Trespasser Surface Water Surface Area Surface - adult (cm2/day)

6365

Trespasser Surface Water Surface Area - child (cm2/day)

Sediment

Default Value

Description

0.2

Recreator Sediment Adherence Factor - adult (mg/cm?2)

0.3

Recreator Sediment Adherence Factor - child (mg/cm?2)

0.2

Trespasser Sediment Adherence Factor - adult (mg/cm?2)

0.3

Trespasser Sediment Adherence Factor - child (mg/cm2)

413774.4

Recreator Sediment Mutagenic Dermal Contact Factor - age adjusted (mg/kg)

50926.08

Trespasser Sediment Mutagenic Dermal Contact Factor - age adjusted (mg/kg)

114340.2

Recreator Sediment Dermal Contact Factor - age adjusted (mg/kg)

14072.64

Trespasser Sediment Dermal Contact Factor - age adjusted (mg/kg)

26

Trespasser Soil/Sediment Exposure Duration (yr)

20

Trespasser Soil/Sediment Exposure Duration - adult (yr)

6

Trespasser Soil/Sediment Exposure Duration - child (yr)

2

Recreator Sediment Exposure Time (hr/day) - VDEQ

2

Trespasser Sediment Exposure Time (hrs) - VDEQ

92950

Recreator Mutagenic Sediment Ingestion Rate - age adjusted (mg-yr/kg-day)

11440

Trespasser Mutagenic Sediment Ingestion Rate - age adjusted (mg-yr/kg-day)

20475

Recreator Sediment Ingestion Rate - age adjusted (mg-yr/kg-day)

2520

Trespasser Sediment Ingestion Rate - age adjusted (mg-yr/kg-day)

1170

Recreator Sediment Inhalation Exposure Duration Mutagen Calculated - age adjusted

(days)

144

Trespasser Sediment Inhalation Exposure Duration Mutagen Calculated - age adjusted

(days)

100

Recreator Sediment Ingestion Rate - adult (mg/day)

200

Recreator Sediment Ingestion Rate - child (mg/day)

100

Trespasser Sediment Ingestion Rate - adult (mg/day)

200

Trespasser Sediment Ingestion Rate - child (mg/day)

6032

Recreator Sediment Surface Area - adult (cm2/day)

2373

Recreator Sediment Surface Area - child (cm2/day)

6032

Trespasser Sediment Surface Area - adult (cm2/day)

2373 [Trespasser Sediment Surface Area - child (cm2/day)

Food

Default Value

Description

0.15|Food Eggs Ingestion Rate (kg/day) - VDEQ

0.054 |[Food Fish/Shellfish Ingestion Rate (kg/day)

0.122 |[Food Fruits/Vegetables Ingestion Rate (kg/day)
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Default Value

Description

0.28

Food Meat/dairy Ingestion Rate (kg/day) - VDEQ

150000

Residential Food Eggs Ingestion Rate (mg/day)

54000

Residential Food Fish/Shellfish Ingestion Rate (mg/day)

122000|Residentia| Food Fruit/Vegetables Ingestion Rate (mg/day)

280000|Residentia| Food Meat/Dairy (mg/day)
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Appendix 5. Chemical Parameter Notes
PROXY CHEMICALS: For some chemicals with similar toxicity properties, proxy values are used. The

proxy chemicals list was developed using “Langley Air Force Base Remedial Investigation Report for IRP
Sites LF-01, LF-05, LF-15, LF-18, LF-22, and FT-41, Radian, November 1998.”

VDEQ CAS REVISIONS: For chemicals included in EPA RSL that have no CAS, or have a duplicate CAS with

distinct chemical properties, then an unofficial value is assigned in VURAM to facilitate database

function.
Proxy Chemcicals

Target Chem Target CAS Prox Chem Prox CAS
trans-1,3-Dichloropropene 10061-02-6 1,3-Dichloropropene 542-75-6
cis-1,3-Dichloropropene 10061-01-5 1,3-Dichloropropene 542-75-6
1,3-Dichlorobenzene (meta) [541-73-1 1.4-dichlorobenzene 106-46-7
gamma-Chlordane 5103-74-2 1.4-dichlorobenzene 12789-03-6
delta-BHC 319-86-8 alpha-BHC (Hexachlorocyclohexane, Alpha-) |319-84-6
alpha-Chlordane 5103-71-9 Chlordane 12789-03-6
Endosulfan Sulfate 1031-07-8 Endosulfan 115-29-7
Endosulfan Il 33213-65-9 Endosulfan 115-29-7
Endosulfan | 959-98-8 Endosulfan 115-29-7
Endrin Ketone 53494-70-5 Endrin 72-20-8
Endrin Aldehyde 7421-93-4 Endrin 72-20-8
isopropyltoluene 99-87-6 Isopropylbenzene (cumene) 98-82-8
Total PCBs 1336-36-3 PCBs-high risk 1336-36-3-HIRSK
Aroclor 1268 11100-14-4 PCBs-high risk 1336-36-3-HIRSK
Aroclor 1262 37324-23-5 PCBs-high risk 1336-36-3-HIRSK
Acenaphthylene 208-96-8 Pyrene 129-00-0
‘Benzo(g,h,i)perylene |191-24-2 ‘Pyrene ‘129-00—0
‘Phenanthrene |85-01-8 ‘Pyrene ‘129—00—0
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VDEQ CAS Revisions
CAS Analyte

HXCLRDIB-p-DXN ~Hexachlorodibenzo-p-dioxin, Mixture
1336-36-3-HIRSK ~Polychlorinated Biphenyls (high risk)
1336-36-3-LORSK ~Polychlorinated Biphenyls (low risk)
1336-36-3-LOSTRSK ~Polychlorinated Biphenyls (lowest risk)
THIOCYANATES ~Thiocyanates
7440-43-95-F ICadmium (Diet)
7440-43-9W Cadmium (Water)
CREO-SO-TE Creosote
DDIBUTYLTINS Dibutyltin Compounds
DIESEL-ENG-EXH Diesel Engine Exhaust
DINTRO-TOL-MIX Dinitrotoluene Mixture, 2,4/2,6-
ENDRIN-MET Endrin metabolites
ETHBIS-DTH-SLT Ethylenebisdithiocarbamic acid, salts and esters
HpCDBpD Heptachlorodibenzo-p-dioxins
HpCDBF Heptochlorodibenzofurans
JET-PROPEL-7 JP-7
7439-96-5D IManganese (Diet)
7439-96-55-W Manganese (Non-diet)
NI-RFNRY-DST Nickel Refinery Dust
INICO-SLT INicotine salts
NM-HYCD-SLT Nitrogen mustard, hydrochloride salt
NMNO-HYCD-SLT Nitrogen mustard, N-oxide, hydrochloride salt
PCDBF Pentachlorodibenzofurans
PHTH-ACD-ESTR Phthalic acid esters, N.O.S.
PCDBpD Polychlorinated dibenzo-p-dioxins; PCDD's
REF-CER-FBR Refractory Ceramic Fibers
SACCH-SLT Saccharin salts
STYRE-ACR-TRI Istyrene-Acrylonitrile (SAN) Trimer
TtCDBF Tetrachlorodibenzofurans
TtCDBpD Tetrachlorodibenzo-p-dioxins
‘TPH-AL-HI |Tota| Petroleum Hydrocarbons (Aliphatic High)
THP-AL-LOW Total Petroleum Hydrocarbons (Aliphatic Low)
TPH-AL-MED Total Petroleum Hydrocarbons (Aliphatic Medium)
TPH-AR-HI Total Petroleum Hydrocarbons (Aromatic High)
TPH-AR-LOW Total Petroleum Hydrocarbons (Aromatic Low)
TPH-AR-MED Total Petroleum Hydrocarbons (Aromatic Medium)
TRIBUTYTINS Tributyltin Compounds
URANIUM-SOL-SLT Uranium (Soluble Salts)
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RISK-BASED CLOSURE
L. Introduction

This document discusses the protocol for conducting a risk assessment to
implement closure of hazardous waste management unit (HWMU) in accordance with
Title 9 of the Virginia Administrative Code, Section 20-60-10 et seq. (Formerly the
Virginia Hazardous Waste Management Regulations).

1. Risk-Based Evaluation In order to estimate the nisk for chemicals of concern (COCs) a
risk assessment will be conducted according to the Virginia DEQ document titled "Guidance for
development of health based cleanup goals using decision tree/REAMS program (herein after
"Virginia Risk Guidance") (November 1, 1994) prepared by Old Dominion University and the
approved closure plan, The risk assessment report will contain the following sections:

! site evaluation,

! development of a site conceptual model,

! identification of contaminants of concern,

! identification of media and exposure pathways,

! toxicity assessment,

! estimation of centaminant concentration at the point of exposure, and
! summary of health risks.

The submission instructions contained in Appendix IX of the Virginia Risk Guidance will be
reviewed prior to submitting the report to confirm that all necessary risk 1ssues have been
addressed. The risk goals/performance standards will be a hazard index of 1.0 for non-
carcinogens and an individual carcinogenic risk of 1E-06 and commulative carcinogenic risk of
1E-04.

Compliance with the closure standard will be verified by comparing the calculated
individual and cumulative risk/hazard for all the contaminants of concern (COC) that
failed background comparison to the risk-based performance standards.

The risk assessment will be conducted assuiming a future residential/ mdustrial use of the
property. The methodology/equation for estimating the exposure concentration 1s
presented in subsequent sections,

The initial step in the risk assessment will be to develop a site conceptual exposure model
{SCEM) which depicts all potential exposure routes and media for the site and the
receptors which may be exposed. The procedure for identification of contaminants of
concern for health based is presented in section 2.... (from other section in the closure

plan)

Rusk-Based Closure - Page 1

145
VDEQ | 629 E. Main St. Richmond, VA 23219



Virginia Unified Risk Assessment Model User’s Guide | 2016

Once the SCEM is completed, the exposure assumptions cutlined in the Virginia Risk
Guidance will be employed to estimate the health risks and develop a cleanup criteria.
Information will also be taken as needed from UJ.8. EPA documents and databases (e.g..
the Risk Assessment Guidance for Superfund (RAGS), and the Integrated Risk
Information System (IRIS)}. The chemical intake equations and exposure parameter
assumptions used to calculate estimate risks (obtained from Virginia risk assessment
guidance/REAMS) are shown in Tables 1 through 4. Additional details on the approach
and assumptions used for each potential exposure pathway are provided below.,

As a part of the Risk Exposure and Analysis Modeling System (REAMS)
evaluation, fate and transport modeling is necessary to demonstrate that the residual soil
coneentrations of contaminants of concern would not result in contamination of other
environmental media of concern including the groundwater undemeath the closure unit.
For this purpose. representative soil sample(s) will be collected arcund the unit (subjected
to closure) for analysis of the properties listed on page 62 of the REAMS document. [It is
often less expensive to obtain this information from an agriculture lab rather than from an
environmental lab]. In certain situations, groundwater sampling may be preferable.

2. Identification of Contaminants of Concern

Contaminants of concern includes those constituents detected during the ¢losure
soil and groundwater sampling which may be related to past waste management practices
and whose concentrations statistically exceeded background levels. Please note that if the
concentration of contaminants detected in the soil and groundwater did not exceed the
background levels, no further risk-based evaluation will be required. Only those
constituents of concern having concentrations that are statistically greater than
background concentrations will be subject to REAMS evaluation to estimate the risks.

Also, for the purpose of evaluating the impact to groundwater, only those

constituents which statistically exceeded the upgradient or background well concentration
will be subjected to REAMS evaluation.

3. Exposure Assessment
The exposure assessment will identify transport mechanisms for the contaminants

of concern that may potentially impact human receptors. The results of this assessment
will be used to document the current and future exposure potential posed by the site.

Risk-Based Closwre - Page 2
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With regard to soil. the following exposure assumptions will apply. Initially, a
residential exposure will be assumed for the purpose of attempting to document
unrestricted closure of the soil. If the risk for potential residential exposure does not
exceed the performance standards, unrestricted closure of soil will be
documented/accepted. If the site cannot be clean closed for residential use, then the
option to pursue restricted closure (commercial/industrial) will be exercised. Closure to
commercial/industrial scenario will requirement the facility to enact a deed restriction that
eliminates the possibility of future residential use of the site. The requirements for
establishing such a deed restriction are detailed in VDEQ=s Guidelines for Developing
Health-Based Cleanup Goals Using Risk Assessment at A Hazardous Waste Site Facility
for Restricted Industrial Use, dated June 1995, (A copy of this document is attached.)

Exposure rontes will include ingestion, dermal absorption, and inhalation of vapors
and dust particles.

With regard to groundwater, REAMS fate and transport modeling' will be required
to assess residual soil contamination impacts te the groundwater. If the groundwater does
not qualify for clean closure, the scope of future groundwater monitoring will be
discussed with VDEQ. The groundwater exposure routes to be evaluated include
mgestion, dermal absorption, and inhalation of volatiles emitted from the contaminated
groundwater,

The exposure assumptions presented in the following sections are based on
residential exposure. These constitute a reasonable maximum exposure scenario (RME),
an exposure which is unlikely to oceur but is reasonably possible. The exposure pathways
for residential exposure include ingestion of soi1l, dermal contact with soil, inhalation of
resuspended seil particulates, and inhalation of volatile organic compounds. Exposure to
groundwater at the site is discussed in Section xxx.

3.1.1 Ingestion of Soil

! REAMS includes the unsaturated zone fate and transport model SESCIL. The purpose
of minning the model 1s two fold: a) determine whether the contaminants will reach the
growndwater table in next 30 vears, b) caleulate the risk associated with the estimated
concentration in the groundwater. For constituents with a promulgated MCL., the estimated
concentration will be directly compared against the MCL. However, prior to runnmg the SESOIL
mode] the facility should obtain all the information identified on page 62, of the Virginia
guidance document. The closure report must include evaluation of model results (concentrations
reaching the groundwater) and a copy of SESOIL output file,

Risk-Based Closwre - Page 3
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The equation for potential chemical intake by soil ingestion for residential scenario on
site is included in Table 1. This scenario also assumes that weather or other conditions
(e.g., frozen ground/ snow /other cover) do not affect exposure and that all soil ingested is
from contaminated areas of the site. These assumptions are protective of human health
and the environment.

3.1.2 Dermal Contact with Soil

The equation for calculating the potential absorbed chemical dose by dermal contact with
contaminated soil is provided in table 1. This scenario assumes that weather or other
conditions (e.g., frozen ground’ snow or other cover) do not affect exposure, that
contaminated soil remains on the skin long enough for the COCs to be absorbed and that
all soil adhering to the skin is from contaminated areas of the site.

The skin surface arcas (SA) used in the dermal pathway have been identified in REAMS
guidance as 4,860 em” for adults, which is the 50th percentile value for the arms, hands
and lower legs (U.5. EPA, 1989b - See Attachment A).

A skin-soil adherence factor of 1.45 mg/em” will be used in the dermal intake
calculations. The U.S. EPA guidance for dermal exposure assessment (Dermal Exposure
Assessment; Principles and Applications, EPA/600/8-91/011B) states that a range of
values from 0.1 mgfem’ to 1.5 mg/cm’ per event appear possible for dermal adherence
factors (AF). The

In order to estimate the amount of a particular COC which may potentially be absorbed
through the skin, chemical-specific dermal absorption facters (ABS;.) are used.

3.1.3 Inhalation of Resuspended Soil

The equation for potential chemical mtake by inhalation of resuspended contaminated soil
is included in Table 1. An inhalation rate of 0.83 m*/hr will be used as specified in the
Virginia Risk Guidance. This scenario assumes that the concentration of COCs in indoor
dust will be equal to that in cutdoor soil and that weather or other conditions, {e.g.. {fTozen
ground/snow or other cover) do not affect resuspension or exposure.

However, an appropriate model or equations in table- 1, will be used to estimate the
potential amount of respirable particulate matter generated by wind erosion. The
estimated gencration rate for eroded particulate matter will then be used derive an
ambient air particulate concentration. Documentation for these models will be presented
to the Department.

Risk-Based Closwre - Page 4

148
VDEQ | 629 E. Main St. Richmond, VA 23219



Virginia Unified Risk Assessment Model User’s Guide | 2016

3.1.4 Inhalation of Volatilized COCs in Soil

Since the COCs have appreciable vapor pressures, they are expected to volatilize from
soil. Inhalation of COCs as volatilized vapors is considered for this risk assessment. The
equations in Table-1 will be considered for estimating the intake for this condition.

4. Toxicity Assessment

The two principle indices of toxicity used in risk assessment are the reference dose (R{D)
and the cancer slope factor (SF). An RfD 1s the ntake or dose per unit of body weight (mg/ke-
day) that is unlikely to result in toxic (non-carcinogenic) eftects to human populations, including
sensitive subgroups (e.g., the very young or elderly). The RID allows for the existence of a
threshold doss below which no adverse effects ocour.

The SF 15 used to express the cancer risk attributable to a discrete unit of intake; that is, the
cancer risk per milligram ingasted per kilogram of bodvweight per day ([mg/kg-day])”’). The SF
is an estimate of the upper-bound probability of an individual developing cancer as a result of
exposure to a particular carcinogen. Unlike the RfD, the SF assumes that there is no threshold
dose below which the probability of developing cancer 8 zero. Note that 8Fs are only developed
for those chemicals which have been shown to be carcinogens i man or in at least several animal
speocies. A carcinogenic weight of evidence rating is used to desoribe the strength of the
experimental evidence for carcimogenicity. The U.S. EPA has developed 8Fs for most chemicals
with weight of evidence ratings of "A" (known human carcinogen) or "B" {probable human
carcinogen).

RfDs and SFs are derived by the U.S. EPA for the most toxic chemicals generally associated with
chemical releases to the environment for which adequate toxicological data are available. If both
the carcinogenic and non-carcinogenic effects of a particular compound are significant, both
values may be established. However, in most ¢ases only one value is available,

4.1 Inhalation and oral RfDs and SFs -

SFs pertinent to the oral and inhalation exposure pathways will be obtained trom U.S.
EPA's IRIS database. The IRIS (Integrated Risk Information System) on-line database
was established by the U.8. EPA 1o provide risk assessors with peer reviewed
toxicological data on chemicals commonly encountered at environmental sites of
contamination. If data is not available from IRIS, it will be obtained from the Health
Effects Assessment Summary Tables (HEAST), a compilation of toxicity values produced
by the USEPA on a quarterly basis. The hierarchy presented in Appendix I1I of Virginia
Risk guidance will be fellowed for using these sources.

Risk-Based Closwre - Page 5
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4.2 Dermal RfDs and SFs -

Chemical specific oral-route absorption values (ABS ) are used to adjust the oral RfD or
SF, which is computed trom an administered dose, for use in the dermal exposure
pathway. This correction is necessary due to the difterences in absorption between the
skin and the gastrointestinal tract. By correcting the administered-dose oral RfD or SF

for the fraction expected to be absotbed in the gut, a dermal absorption factor can be used
to estimate the correct dose received through the skin.

5. Evaluation of Risks

Using the toxicity criteria and identified exposure pathways discussed above, and the
procedures described in the VDEQ guidance document (REAMS. November 1994), the
risks presented by the COC will be estimated. The estimated risks will consider the
effects from multiple constituents and all routes of exposure. The risk goals will be a
total cumulative hazard index of 1.0 for multiple noncarcinogens and a total cumulative
carcinogenic risk of 1E-04 for multiple carcinogens. However, the risk from each
individual carcinogen shall not exceed 1E-06 (1.e., one case of cancer per 1,000,000
population).

5.1 Estimation of exposure concentration

For the contaminants detected at the site, an exposure point congentration (EPC) for each
exposure pathway will be caleulated for each contaminant by estimating the 95th upper
cenfidence limit {UCL) on the arithmetic mean of the concentrations. If the calculated
05th UCL 1s greater than the maximum detected concentration, then the maximum
detected concentration will be used as the EPC. The risks for contaminants will be
calculated as per the equations and assumptions described i Table | through Table 4. If
for a contaminant both carcinogenic and noncarcinogenic risk-based cleanup goal exists,
the lower of the two will be used as a pathway specific to estimate the risk.

5.2. Risk Estimation

Health risk assessments are based on the relationship between risk, dose and toxicity:

Risk-Based Closwre - Page &
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Risk = Dose*Toxicily

Since dose is the product of the contaminant concentration multiplied by exposure (the intake),
equation (1) becomes:

Risk=Intakerate* Contaminart conc.* Toxicity

(Please note that the term CDI in attached tables 1-4, includes intake rate and contaminant conc)

To estimate the intake, the exposure equations and assumptions discussed in Section 1, are used.
The intake estimates for each route of exposure are then combined with the RfDs or SFs to
determine the resulting risk.

For Carcinogens Risk:

Cancer Risk=( Intak e * Cont.conc.* SF,,,,)

+ (Inrakenhai *CO}?I. conc. * SF{nhul) + (Inrakai‘erm * CO.VH. conc. * SFdem)

For Noncarcinogens:

)

Hazard Index=( Intake, * Cont.conc*

)+ Intakema ¥ Cont.conc.®

oral inhal

+( Intakem * Cont.conc.®

derm

where, taking into account all COCs and relevant exposure pathways, the excess cancer risk is
10°® or the hazard index is 1.0.

Using REAMS software a maximum acceptable contaminant concentrations will be calculated
which meets the cumulative risk criteria. This process will be used in this risk assessment to
derive the health-based cleanup criteria for the site. If the estimated risks satisfy the risk
based performance standards, the soils/groundwater will be considered clean closed.

Risk-Based Closure - Page 7
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Table 1

Risk Assessment Algorithm for Carcinogenic Exposure

Exposure Route

Chronic Dail

Intake (CDI L-da

Residential Exposure

Occupational/Industrial Exposure

Ground Water

CW x IRW.sj x EF

CW x IRW, x EF, x ED,

Ingestion | e e
ATe EWs x ATe
CW x IRA, ¥ EFs x EDs x K
Inhalation | e e e e
BW, x AT,
CW X SAWsd3 X PC X ET X EF x CF CW x SAWs x PC X ET x EFs X EDs X CF
Dermal
ATe BW, x AT,
Soil
CS x IRSsa3 x CF x FI x EF CS x IR x CF x FI x EFe X EDo
Ingestion | e e
AT, BW, x AT.
0S5 x CF x SAS, x AF % ABS % EF, % ED,
permraz. ! -

Inhalation of
wvaporizing VOCs
from soil

€5 x 1/VF x IRA; x BT x EFy x ED,

Inhalation of
emitting particles
from soil

€S x 1/PEF x IRA: x ET x EF, X ED,

BW, X AT,
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Table 2

Risk Assessment Algorithm for Non-carcinogenic Exposure

Exposure Route

Chronic Daily Intake (CDI), L-da

Residential Exposure

Occupational/Industrial Exposure

Ground Water

CW x IRW. x EF x ED.

CW x IRWs; x EF. X EDo

Ingsstion

BW. x ATn BW, x ATn

CW x IRA. x EF x ED. x K CW x IRA, x EFs x EDo x K

Inhalation

BW. x ATp BW; x AT

CW x SAW: x PC x ET x EF x EDc x CF CW x SAWs x PC x ET x EFs ¥ EDo X CF

Dermal = === |  emeemmmmmmmmmmmmmmmmmmmmmmmmmmmmmmms | s mmmmmmmaas

BW. x AT, B, x AT,

Soil

Ingestion

CS ¥ IRSs x CF x FI x EFe x EDo

Dermal

Inhalation of
vaporizing VOCs
from soil

EW. x AT,

BW, x AT,

Inhalation of
emitting particles
from soil

€5 x 1/PEF x IRA; x ET x EF, x ED.
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Table 3
Age Adjusted Factors
ED. » IRA_ (ECiq. - ED.) = IRA,
TRAL; = -=---=-=--=-=----~- L e T
Bwes B,
ED. » IRW: (EDepe — ED:) > TEW,
TRW,g; = —------------ 4 e
Ew, BH,
ED, » SAW. (EDree — ED;) » SANW,
S}D.lh?édj = - ——— - + e
B B,
ED:. X IRS5: (EDror — ED:) X TRS,
IE'--‘dd" = - T----—-—-—-—-—--- e
Ew,. B,
r0. ¥ Sas {(EDr o ED:) » FA,
SAS.gs = --—-—-m-mm—--o e
ch Bf";'a

Becanst contact rate with tap water, ambicnt air. and residential soil are different for children andadulis. carcinogenic risks during the first 30
years of [fe were cakoulated usinz age adpsted factor. These factors appreximate the intezrated exposurs from barth until age 30 by
combining contact raes, body weighis, and exposure durations For twa age zroups - smgll children md aduits,
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Table 4
Exposure Variables Included in Tables 1, 2, and 3

Risk-Based Closure - Page 13
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Symbol Term Unit Value Reference
ABS Absorption factor - User specified
AF Adherence factor - 1.45 ac
AT, Averaging time days 25550
carcinogens
AT, Averaging time non- days ED x 365
carcinogens
BW, Body weight adult kg 70 c
BW. Body weight child kg 15 c
CF Conversion factor - 0.000001
cs Chemical concentration in mg/Ke-day User specified
soil
CW Chemical concentration in mgl. User specified
water
EDe Exposure duration child years 6 c
EDpa Exposure duration for years 30 c
ED carcinogen total or
Residential
EDo Exposure duration years 25 c
occupational
EF Exposure frequency days 350 c
residential
ET Exposure Time hrs/day
General/Occupational 8.0
Groundwater 0.2
Surface Water - ingestion c.d
Surface water - dermal 2.6
Air -inhalation 2.6
24.0
FI Fraction ingested -
Residential L.0 b
Occupational 0.5
IR A, Inhalation rate air adult m¥/day 20 b
IR Ay Inhalation rate - air - 11.66
adjusted
TRA, Inhalation rate child m®/day 12 b
IRA, Inhalation rate adult m¥/day 20 b
IR Ingestion rate food ke/day 0.28 cd
Fruit/veggies 0122
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Fish 0.054
IR, Ingestion rake svil aclult mgiday 100 b
RS, Ingestion rale soil child mg/day 200 b
IE5., Tngestion - soil adjusted - 114,29
IR5; Ingestion rale soil child mg/day 200 b
W, Ingestion rate water adult Liday 2 b
IRWy Ingestion -water adjusted L-wkg-d 1%
RW. Ingestion rale water child Liday 1 b
K Vol atilization factor, 04
water bo air
FC Fermeability constant iy User specified b
FEF Particulale emission factor m¥kg 6. TROZEEOR f
AW, Hwface aea childl X
groundwater dermal an’ T500
surface water dermal be
Surface area soil cmievent
345, ocelpational - adule 4500 €
8as, child 1875
SAS Surface area soil ajusted cm¥ievenl 2290
5 AW, Surface arca for water an’ &20 b
coftact adul
SAW ., Surface arca for water cmYevent 9200
contact
VF WVolatilazation factor. m¥kg User specified
soil to air

Referenves:

a.

Eigk Assessment Guidance for Superfund, Volume |, EPA?540/1-89:002, December 1989,

Boegion I values

Expasore Facters handbook, EP AG00/2-29:043, July 1999

Human health cvaluation manual supplemental guidance, OSWER Dircdive 9285.6-03. March 25, 1991
Drermal exposire Assessment, Principles and Applications, Interim Reporl, EF AGHKE-0101 L0 January 1092,

Technical Background Document for Draft Soil Screening Level Guidance. Cffice of £ olid Waste and Emergency Response. EPASSA0E-

941101, December 1994
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