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I. NOTICE

Virginia DEQ, through its Office of Remediation Programs, funded and managed the project in this User
Guide. It has been peer-reviewed by DEQ and approved for publication. Mention of trade names or
commercial products does not constitute endorsement or recommendation by DEQ for use. This
VURAM User Guide is not intended as regulatory guidance or education. Use of any portion of VURAM
in a manner that does not comply with the VURAM User Guide is not recommended.

Il. Disclaimer

With respect to the VURAM software and documentation, neither DEQ nor any employee/s 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 Virginia DEQ. Use of VURAM assumes
familiarity with the regulatory programs discussed herein. The VURAM User 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.

lll. Acknowledgments

We wish to express our gratitude and thanks to our friends and colleagues who contributed to the
development of VURAM. We wish to especially acknowledge the Virginia DEQ risk assessors Patricia
McMurray, Sonal lyer, Kyle Newman, and Vrushali Gandhi, and the technical contributions of April
Ni’Mary, Allyson Lackey, Arianna Johns, and Hope Pelka. Special thanks to Justin Williams, Chris Evans,
and Bob Nicholas of DEQ, whose support made the development of VURAM possible. Also thanks to
the staff of PIONEER Technologies Corp. and TechLaw, and our colleagues at Virginia DEQ, EPA, and
Oak Ridge National Laboratories (ORNL) for testing, review, and support in the development of VURAM
and its associated documentation.

IV. Contacts Table

Title Contact Name/Email Phone Number
Manager, Office of Remediation Brett Fisher

Programs e (804) 774-5373
Risk Assessor Kyle Newman (804) 659-1322
Model Developer April Ni’"Mary (804) 774-0250

1.0 Virginia Unified Risk Assessment Model (VURAM)

VURAM is a mathematical database model developed in Microsoft Access and made available through
the Virginia DEQ Central Office in Richmond, Virginia. The model utilizes four interrelated baseline risk
assessment concepts: data analysis, exposure assessment, toxicity assessment, and risk
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characterization, to estimate the potential risk (cancer and non-cancer) from exposure to
contaminated media. VURAM assumes that a site contaminated with hazardous substances has been
identified and investigated, resulting in a full site characterization, including an evaluation of
contaminant fate and transport, with data quality objectives and assessment. In order to ensure that
risk is not underestimated, several assumptions in both the screening and quantitative risk assessment
modules utilize a more conservative approach 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.

1.1 Software Requirements
VURAM is a database model developed using Visual Basic for Applications under Microsoft Access
2007/2010 and is run as a Microsoft Windows application within Microsoft Access 2007 or later.

ALERT! Force quitting MS Access while VURAM is open can cause database corruption. Wait for MS
Access to completely close before attempting any actions, including re-opening, on the VURAM file.

ALERT! For stable performance, always run VURAM from a local drive. Network or shared drive
locations can impair database performance or cause the program calculations to fail.

IMPORTANT! The current available version of VURAM supersedes all previous versions. Visit Virginia
DEQ’s Risk Assessment website for the latest version.

1.2 User Guide

This User Guide serves as a comprehensive reference for use of VURAM that documents the risk
assessment and modeling approach incorporated in VURAM. Refer to the EPA Regional Screening Level

(RSL) website, EPA exposure factors Handbook: 2011 Edition, EPA Superfund Soil Screening Guidance,
and Superfund Risk Assessment for supplemental information concerning the parameters and
assumptions incorporated in VURAM. This document does not establish binding rules, but provides a
recommended risk assessment process that incorporates risk assessment methodology described in
RAGS Part A through E and EPA RSL Guidance. The report outputs from VURAM provide the
information required in RAGS Part D tables. 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 parameters and equations provided in appendix
A1.0. and appendix A2.0 are available for calculating hazard/risk for site-specific information, provided
such approach has been documented, discussed, and approved by Virginia DEQ for facilities in Virginia.

IMPORTANT! VURAM and User Guide are not a risk assessment training or education resource. The use

of the tables or calculated results in this manual are 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.

1.3 Recommended Use
For facilities in Virginia under the Resource Conservation and Recovery Act (RCRA) (both: Permit
Facilities and Corrective Action), the Virginia Voluntary Remediation Program (VRP), the Virginia
Brownfields Program, and the Virginia Solid Waste Management Regulations (VSWMR), VURAM is the

recommended risk assessment tool to support risk-based evaluations. Use of VURAM and VURAM User

Guide assumes familiarity with the regulatory programs discussed herein.
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6


https://www.epa.gov/risk/risk-assessment-guidance-superfund-rags-part
http://www.deq.virginia.gov/programs/landprotectionrevitalization/remediationprogram/riskassessment.aspx
http://www.deq.virginia.gov/programs/landprotectionrevitalization/remediationprogram/riskassessment.aspx
https://www.epa.gov/risk/regional-screening-levels-rsls
https://www.epa.gov/risk/regional-screening-levels-rsls
https://cfpub.epa.gov/ncea/efp/recordisplay.cfm?deid=236252
https://www.epa.gov/superfund/superfund-soil-screening-guidance
https://www.epa.gov/risk/superfund-risk-assessment

IMPORTANT! Perform risk assessments in accordance with project specific agreements and work plans
approved by Virginia DEQ project manager.

1.4 Model Limitations

The risk assessment information provided in this manual reflects the manner in which selected
programs at Virginia DEQ apply risk assessments to program-specific needs. All calculated hazard/risk
values are site-specific and for human receptors. 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 exercise 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. 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.

The evaluation of appropriateness, representativeness, and qualification of analytical data generated
during investigation is not incorporated into VURAM. Consult RAGS Part A for data qualifiers and the
use in risk assessment. Data with no qualifiers can be used in the quantitative risk assessment module
without issue. However, data with qualifiers should be discussed with DEQ project manager or risk
assessor before continuing to quantitative risk assessment. Based on overall data density and quality,
other qualifiers may also be included in risk assessment.

Hazard/risk calculations in VURAM do not consider ecological risk assessment. If the CSM indicates
potential exposures to ecological receptors, a separate ecological risk assessment must be performed.
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. Refer to
the following for more information on conducting ecological risk assessments:

e Ecological Risk Assessment Guidance for Superfund: Process for Designing and Conducting
Ecological Risk Assessments - Interim Final (EPA)

e Guidelines for Ecological Risk Assessment (EPA)

e Ecological Soil Screening Levels (Eco-SSL) Guidance and Documents (EPA)

Evaluation for lead exposure is NOT included in the quantitative risk assessment module of VURAM. If
lead is a COPC, refer to EPA’s Lead at Superfund Sites: Software and Users Manual (EPA, 2017a) and
run the Integrated Exposure Uptake Biokentic (IEUBK) model and Adult Lead Methodology (ALM)
model.

IMPORTANT! VURAM does NOT include tools for developing a conceptual site model (CSM),
algorithms to calculate uncertainties, statistical analysis for Upper Confidence Limit (UCL)/Upper
Tolerance Limit (UTL), probabilistic risk assessment, fate and transport modeling, quantitative
evaluation of lead, or quantitative risk assessment for ecological receptors.
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1.5 Prerequisites for Computation

Users should be knowledgeable in the science and terminology of risk assessment, data quality
objectives, data quality assurance plans, exposure assessment, and toxicity assessment. Reliable results
from VURAM depend on the quality of the data and information entered into the calculations.
Therefore, valid and reliable input data are necessary to ensure accuracy. Incomplete or inaccurate
data will yield results with a high degree of uncertainty.

IMPORTANT! The current available version of VURAM supersedes all previous versions. Confirm the
latest version of VURAM before conducting risk assessment. Updates to VURAM follow the EPA RSL
semi-annual update schedule. Visit Virginia DEQ’s Risk Assessment website for the latest version.

1.5.1 Conceptual Site Model (CSM)
The CSM should consider the nature of the contamination, the lateral and vertical extent of
contamination, fate and transport of contaminants, subsurface geology and hydrogeology, surface
waters, and preferential pathways of contaminant migration, as well as potential ecological and human
receptors, demographics, land use (past, present, and future), and other relevant information. Each
step of the risk assessment is determined by the CSM for site-specific conditions. Decisions must be
evaluated against the CSM for accurate application of the calculated hazard/risk. The evaluation and
assessment of different exposure areas (onsite vs. offsite) or different land use scenarios (current vs.
future) may require the development of separate CSMs.

The foundation of the CSM is the site characterization, which identifies and characterizes the presence
and extent of hazardous substances at a site and any associated threat to human health and the
environment. A thorough and complete site characterization must be performed to obtain the site-
specific data required for risk assessment input parameters. The site characterization process should
investigate the saturated and unsaturated zones, surface and subsurface soil, unfiltered groundwater,
unfiltered surface water, sediments, subsurface geology and hydrogeology, air (ambient air, soil gas,
sub-slab gas, and indoor air). IMPORTANT! The CSM is the basis for data determining site-specific risk-
based cleanup goals. The quantitative risk assessment module in VURAM relies on inputs matching the
CSM to generate an applicable risk assessment. Refer to RAGS Part A (EPA) and the Superfund Soil
Screening Guidance for Superfund: Users Guide (EPA) for more information on developing a CSM.

1.5.2 Fate and Transport
The CSM must account for all variables that influence the fate and transport of contaminants, in order
to produce a viable simulation of the present extent of contamination and prediction of future
conditions. Relevant fate and transport processes include the movement of chemical contaminants
from soil to groundwater, soil to surface water, groundwater to surface water, soil/groundwater to soil
gas/air, groundwater to shower air, and soil gas/sub-slab gas to indoor air. Fate and transport modeling
is not included in VURAM. However, if contamination is expected to reach groundwater and/or surface
water within 30 years, then fate and transport model-based estimates of groundwater/surface water
contaminant concentration/s can be entered into the risk assessment portion of VURAM to assess
whether the predicted concentration/s will be within acceptable hazard/risk levels. If estimated
concentrations fail acceptable hazard/risk levels, then acceptable concentrations may need to be
revised accordingly. For further information on fate and transport evaluations, refer to the Superfund
Exposure Assessment Manual (EPA).
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IMPORTANT! For soil and groundwater, as applicable, recommended acceptable concentrations must
be evaluated with respect to contaminant’s fate and transport. VURAM does NOT perform fate and
transport modeling.

1.5.3 Sampling
Proper sampling and analysis of all potentially contaminated media, including unfiltered groundwater,
unfiltered surface waters, surface and subsurface soils, sediments, air (ambient, sub-slab gas, soil gas,
and indoor air), wastes and sludge, and food for a wide range of compounds is necessary to produce
validated data. More than one round of sampling data may be needed for thorough site
characterization. Further information provided by EPA on the quality of data appropriate for risk
assessment and modeling is available from the following:

e Guidance for Data Usability 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 | - 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

Statistical analysis is an integral part of risk assessment data evaluation. Virginia DEQ 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
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https://www.epa.gov/superfund/superfund-soil-screening-guidance
https://www.epa.gov/sites/production/files/2015-09/documents/rags_a.pdf
https://www.epa.gov/sites/production/files/2015-09/documents/rags_a.pdf
https://nepis.epa.gov/Exe/ZyNET.exe/P1008OTB.TXT?ZyActionD=ZyDocument&Client=EPA&Index=2000+Thru+2005&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%5C00thru05%5CTxt%5C00000025%5CP1008OTB.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://nepis.epa.gov/Exe/ZyNET.exe/P1008OTB.TXT?ZyActionD=ZyDocument&Client=EPA&Index=2000+Thru+2005&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%5C00thru05%5CTxt%5C00000025%5CP1008OTB.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
http://www.itrcweb.org/documents/vi-1.pdf
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

2.0 Running VURAM

Open VURAM by double-clicking on the database file or by selecting the file from the Open option in
MS Access. The database file must be from a trusted location or identified as a trusted document in MS
Access in order to run. If VURAM does not auto-start, refer to the FAQ section 2.10.1 to begin.

A series of interactive form pages for selecting chemicals, study area, media, and receptor parameters
guide the risk assessment process in VURAM. After all site-specific selections and inputs are complete,
VURAM calculates outputs, which are provided through a series of printable reports for each evaluated
chemical by exposure pathway and media. The Chemical Abstract Service Registry Number (CAS RN or
CAS) is a unique chemical identification number for each chemical included in VURAM. In cases where
no CAS RN is available, an EPA identification number (E#) or a DEQ assigned CAS substitute identifies
the chemical. Refer to appendix A3.8 for a complete list of these chemicals.

IMPORTANT! Complete a thorough Conceptual Site Model (CSM) before running VURAM. The CSM
determines all applicable model parameters and is key to reliable computation.

After completing a screening levels risk assessment and/or interim action, assess COPCs that fail
screening and/or remain after performing interim action using quantitative risk assessment. The data
quality objectives and the CSM for hazard/risk calculations may be different from the initial or
preliminary site investigations (e.g., RCRA Facility Investigation Phase I). Therefore, the quantity and
quality of data needed may differ from the existing and available data.

IMPORTANT! If the information is incomplete, the site must be reassessed for the necessary data
before evaluating quantitative risk in VURAM. This can include additional sampling, data collection,
and/or statistical analysis.

Information icons, warning and instruction messages, and other indicators are included in VURAM to
help guide the risk assessment process. Pop-up message windows and indicator icons appear when
errors have occurred, actions have been completed, or further action is required.

&4 Green Check Mark: Displayed with the label for a selected environmental medium to indicate that
the calculation, screening, or comparison is complete.

Gray Information Triangle: Displayed with the Page Is Not Available label in the quantitative risk
assessment module where a selected environmental medium is not available for calculation based on
the program or study area.

}'i Red X: Displayed next to the section on a page where inputs or selections are required before

proceeding with the next steps in VURAM. Check all environmental media tabs for the red X indicator if
unable to proceed in VURAM.

0'Blue Information Circle: Interactive icon can be clicked to provide additional information for a page
section or selection.
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0 All data entered on this page will be lost. Are you sure you want to go
back?

[ G ] . . . .
Alert Message: Contains important information about proceeding

with VURAM. A cancel option is provided when data loss can occur such as selecting Go Back or Quit on
each page.

Default Exposure Pathways [ = |

0' Al exposure pathways will be included in the calculation

Information Message: Displayed when selecting the blue information
icon. Contains important information on the risk assessment process or program parameters.

IMPORTANT! Individual model runs of VURAM are site-specific. All images in this User Guide are for
demonstration only and do not represent any actual site data or analysis.

2.1 Background Page

VURAM

Virginia Unified Risk Assessment Model
VERSION: 3.2 Updated: November 2021

Developed and Provided by:

=D

VIRGINIA DEPARTMENT OF
ENVIRONMENTAL QUALITY

Notice and Disclaimer

VURAM and the VURAM User Guide are NOT risk assessment training or education resources.
Use of any portion of VURAM that does not comply with the VURAM User Guide is not recommended.
Contact DEQ at (804)698-4336 to consult with a risk assessor.

Close Program Launch VURAM

Once VURAM is open, the background page will remain open throughout the session.

Notice and Disclaimer: VURAM and the associated VURAM User Guide are intended for use by people
with a strong understanding of risk assessment and related concepts. VURAM and the VURAM User
Guide are NOT risk assessment training or an educational resource. Any use of VURAM that does not
comply with the VURAM User Guide is not recommended. To consult with a DEQ risk assessor, call
(804) 698-4094 or (804) 698-4336.

VURAM User Guide| Virginia DEQ | 1111 E. Main St., Suite 1400 Richmond, VA 23219
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To continue with VURAM, select the Launch VURAM button. Subsequent pages will open and close
based on the selected program modules. On all subsequent pages, the Quit button will end the VURAM
session and return to this background page. To close VURAM, select the Close Program button or close
MS Access through the navigation menu icons in the top right hand corner of the application.

IMPORTANT! The current available version of VURAM supersedes all previous versions. Confirm the
latest version of VURAM before conducting risk assessment. Updates to VURAM follow the EPA RSL
semi-annual update schedule. Visit Virginia DEQ’s Risk Assessment website for the latest version.

2.2 Introduction Page

INTRODUCTION

Virginia Unified Risk Assessment Model

)

VIRGINIA DEPARTMENT OF
ENVIRONMENTAL QUALITY

Quantitative Risk Site-Specific Background

Screening Levels 8 ;
L‘ Assessment (,()Hlp}ll’].‘;()[l

Quit View Standard Defaults

The introduction page provides entry into the three modules of VURAM via the buttons located under
the Virginia DEQ logo. To review the values used in all risk computations, click the View Standard

Defaults button, see section 2.3 for details. To Quit VURAM and return to the background page, click
Quit.

Make the appropriate module selection and proceed to the associated User Guide section to continue:

Screening Levels, section 2.5, Quantitative Risk Assessment, section 2.7, or Site-Specific Background
Comparison, section 2.9.

VURAM User Guide| Virginia DEQ | 1111 E. Main St., Suite 1400 Richmond, VA 23219
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2.3 Standard Defaults Page

DEFAULTS
Constants Chemical Parameters Residential Industrial/Commercial Worker Construction Worker Recreator Trespasser
Calculation Constants }
CAFi Carcinogenic Adjustment Factor Inhalation - Tricholorethylene (TCE) 0.756 (unitless) EPA
CAFo Carcinogenic Adjustment Factor Oral - Tricholorethylene (TCE) 0.804 (unitless) EPA
CF1 Conversion Factor | 0.000001; (kg/mg) EPA
CFll Conversion Factor Il 1000 (ng/mg) EPA
CF Il Conversion Factor IIl 0.001 (mg/ug) EPA
K Andelman Volatilization Factor 0.5! (L/m3) EPA
LT Life Time 70 (yrs) EPA
MAFi Mutagenic Adjustment Factor Inhalation - Tricholorethylene (TCE) 0.244 (unitless) EPA
MAFo Mutagenic Adjustment Factor Oral - Tricholorethylene (TCE) 0.202 (unitless) EPA
PEFw Particulate emission Factor - Minneapolis 1360000000 (m3/kg) EPA
Pi Numerical pi estimate 3.1415926 (unitless) EPA
THQ Target hazard quotient 1 (unitless) EPA ~
< >
Return to VURAM

The standard defaults page provides a series of tables navigable through the tab controls at the top of
the page: Constants, Chemical Parameters, Age-segment Values, Residential, Industrial/Commercial
Worker, Construction Worker, Recreator, and Trespasser. Tables on each tab page include the symbol
used in the equations, a description of the parameter, the numeric value, and units for each term.
Complete values tables and calculation equations are available in appendix A1.0 and appendix A2.0.
Values are from EPA RSL where available; the description field contains the text “Virginia DEQ” for non-
RSL values.

For Chemical Parameters, numeric values are not included. To view chemical specific values, see the
Setup Page of the appropriate VURAM module. Click Return to VURAM to continue.

IMPORTANT! Standard defaults are for reference only. VURAM does not allow editing of default values
or chemical parameters.

VURAM User Guide| Virginia DEQ | 1111 E. Main St., Suite 1400 Richmond, VA 23219
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2.4 Site Name Page

I T W ——
SITE NAME

DEQ
I VURAM
i Enter Label/ Site Name
. DEMO| )
| s —

The Site Name page requires a text entry to identify the site throughout the module and on the output
report. The input is limited to 50 characters. Click Enter to proceed to selected VURAM module or Go
Back to return to the Introduction Page.

2.5 Screening Levels Module
The screening levels presented in this module incorporate EPA Region Ill Regional Screening levels
(RSLs) and Virginia DEQ program-specific nuances. They are risk-based concentrations derived from
standaridized equations combining exposure information assumptions with EPA toxicty data. They are
not de facto clean up standards, however can help to identify areas, contaminants and conditions that
require further investigation at a particular site.

IMPORTANT! Chemicals listed as Not Evaluated (NE) should not be excluded from the quantitative risk
assessment. Such chemicals should at least be discussed in the uncertainty analysis.

All complete exposure pathways require further evaluation unless there is sound justification (e.g.,
based on the results of a screening analysis) to eliminate a pathway from detailed analysis. If a
pathway is excluded from further analysis, clear documentation for the decision is required in the
exposure assessment section of the risk assessment report. Generally, at sites where contaminant
concentrations fall below screening levels, no further action or study is warranted, provided the
exposure assumptions at a site match those taken into account by the screening calculations. COPC
concentrations above the screening level do not automatically designate a site as contaminated or
trigger a response action. However, exceeding a screening value suggests that further evaluation of the
potential risks is appropriate.

Screening values can also be a useful tool for identifying initial cleanup goals and could provide long-
term targets to use during the analysis of remedial options. By developing screening levels early in the
decision making process, the remediation team may be able to streamline the consideration of
remedial alternatives. 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 implement the EPA RSL residential values, or other interim cleanup guidance as
approved by Virginia DEQ, as interim cleanup goals.
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2.5.1 Screening Criteria
Two regulatory programs are available in the screening levels module of VURAM 1) RCRA Corrective
Action, section 2.5.1d and 2) Voluntary Remediation Programs (VRP), section 2.5.1e. While the general
approach to developing screening levels is consistent, some programmatic differences exist. VURAM
provides screening levels for the following environmental media: soil, groundwater, air, surface water,
and sediment. For each chemical, VURAM compares concentration inputs against screening value in all
applicable media simultaneously. The screening report, section 2.5.5, identifies the contaminants of
potential concern (COPCs) that exceed screening values by environmental medium and screening type.

IMPORTANT! Once a regulatory program is established, screening may require re-evaluation under the
appropriate program. Contact the Virginia DEQ Project Manager for further input.

In general, risk-based screening level values for a given program are generated in two steps by (1)
identifying the contaminant concentrations that correspond to the program-specific target risk (TR)
and target hazard quotient (THQ) and (2) selecting the lower of these concentrations as the screening
level. Program-specific guidelines consider other screening criteria in determining screening values for
some screening types. Under both RCRA Corrective Action and VRP the THQ is 0.1, to allow for the
potential additive toxicity of multiple contaminants. The risk threshold for carcinogens is 10 in RCRA
Corrective Action and 10” in the VRP.

IMPORTANT! For screening, use of maximum concentration for each medium as the exposure
concentration for a given pathway is recommended, to place an upper bound on exposure (RAGS Part
A). For non-detects, use % of the method detection limit. In cases where the method detection limit
exceeds screening values contact the Virginia DEQ project manager and/or risk assessor.

NOTE: The current RSL screening value for lead in soils is 200 mg/kg for residential and if other sources
of lead are present, the screening level is 100 mg/kg, industrial screening value is 800 mg/kg.

IMPORTANT! In absence of speciation data, assume all chromium concentrations to be in hexavalent
form, chromium VI, CAS 18540-29-9.

2.5.1a Maximum Contaminant Levels (MCLs)

EPA promulgates Maximum Contaminant Levels (MCLs) established by the Safe Drinking Water Act and
the National Primary Drinking Water Regulations. MCLs are promulgated by EPA for use by public
water systems to protect public health by limiting the levels of contaminants in drinking water. MCLs
are not intended as risk-based screening criteria. Therefore, if a chemical concentration in water is
below the published MCL but it is identified as a risk driver, reduction in concentration may be required
to meet risk-based criteria.

IMPORTANT! Individual trihalomethanes(THMs) and haloacetic acids (HAAs) have a listed MCL which is
applicable to total constituent concentrations. See appendix A3.1 chemical notes.

2.5.1b Vapor Intrusion (VI)

For Vapor Intrusion (VI) screening of groundwater and air media, only chemicals identified as a volatile
organic compound (VOC) in the RSL table are included in the screening calculations. VI evaluations rely
on multiple lines of evidence. For more information on developing multiple lines of evidence and vapor
intrusion methodologies, consult OSWER Technical Guide for Assessing and Mitigating the Vapor
Intrusion Pathway from Subsurface Vapor Sources to Indoor Air, Vapor Intrusion Pathway: A Practical
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Guideline, and Vapor Intrusion Pathway: Investigative Approaches for Typical Scenarios (A Supplement

to VI-1).

If site-related volatile chemicals are present in soil and/or groundwater, Virginia DEQ recommends the
collection of sub-slab/shallow soil gas in any potentially affected buildings, along with deep soil gas
samples. Deep soil gas samples are those collected above the capillary fringe and not less than 5 feet
below the surface. It is preferred that deep soil gas samples be collected at a depth of at least 10 feet
unless the capillary fringe is shallower. Deep or shallow soil gas data can be used to screen for
construction worker soil gas. Refer to A2.5: Construction Worker Trench Model: Soil Gas for a detailed
review.

IMPORTANT! If groundwater, soil, and/or any soil gas data are above screening criteria then a detailed
site-specific VI evaluation may be necessary. Contact Virginia DEQ project manager and risk assessor
for further discussions of screening results or VI.

IMPORTANT! The inhalation pathway and VI scenarios for mercury use screening levels for elemental
mercury, CAS 7439-97-6.

2.5.1c Surface Water and Sediment

Surface water screening values derive from EPA’s National Recommended Water Quality Criteria tables
(EPA, 2017) for Human Health (HH) and Aquatic Life, as well as Virginia Water Quality Standards
(VAWQS) Criteria for Surface Water table 9VAC25-260-140. For VRP screening, Virginia Water Quality
Standards (WQS) are chosen first over the Federal National Recommended Water Quality Criteria and
RCRA Corrective Action its vice versa. Surface water screening values are unique to Virginia DEQ and
are NOT computed using the EPA RSL recreator equations and parameters.

Sediment screening applies only to the VRP. Screening values are NOT computed using the recreator
equations. Rather, the residential soil screening level is multiplied by 10 to provide the sediment
screening value in the screening levels module.

IMPORTANT! Include surface water screening for sites with surface water and/or sediment on the site
or adjacent to the site. Consult RCRA risk assessment guidance for more details (EPA, 1989-2017).

IMPORTANT! Surface water and sediment screening values are human health-based and are NOT
applicable to ecological endpoints.

IMPORTANT! For surface water screening methylmercury, CAS 22967-92-6, concentrations are in
mg/kg instead of ug/L. This fish tissue residue criterion for methylmercury is based on a total fish
consumption rate of 0.0175 kg/day.

2.5.1d RCRA Corrective Action

Evaluation is required for residential and composite industrial land use scenarios and must address
cross-media transfer, which includes soil-to-groundwater and groundwater-to-air at a minimum and
includes ecological risk when necessary. The standard list of analytes for RCRA Corrective Action
facilities is from the list of Hazardous Constituents in Appendix VIII of Part 261 for soils and from the list
of Hazardous Constituents in Appendix IX of Part 264 for groundwater. This list may be reduced in
some cases if the site history is well known. Site-specific constituents not included in either Appendix
VIl or IX may also need to be included. Discuss the analyte list with the project manager and risk
assessor before developing the sampling plan.
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https://www.itrcweb.org/documents/vi-1.pdf
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NOTE: Calculations for RCRA Corrective Action Screening follow the Comprehensive Environmental
Response, Compensation, and Liability Act (CERCLA), also known as Superfund, risk assessment
paradigm. Use RCRA Corrective Action if conducting screening evaluation for CERCLA, Federal Facilities,
or Solid Waste Vapor Intrusion (VI) sites.

IMPORTANT! MCLs are not risk-based values and are included in RCRA for reference only.

IMPORTANT! Consult residential groundwater and soil screening level (SSL), Risk-Based SSL (DAF1),
results to evaluate the soil-to-groundwater pathway. Additional modeling and/or groundwater

monitoring may be required before conducting quantitative risk assessment for groundwater exposure.

Table 2.5.1d-1 RCRA Soil Screening (mg/kg)

Screening Type Screening Criteria Notes
Residential Soil Lower of Residential Soil (TR Same as EPA RSL table
= 1E-6 and Child HQ = 0.1)
Industrial Soil Lower of Industrial Soil (TR= | Same as EPA RSL table
1E-6 and HQ =0.1)
Risk-based SSL Lower of Residential Same as EPA RSL table
Tapwater (TR = 1E-6 and DAF1 equation: appendix Al1.7
Child HQ =0.1) * DAF1
MCL-based SSL MCL * DAF1 Same as EPA RSL table
DAF1 equation appendix A1.7
For reference only; MCLs are not risk-based
values

Table 2.5.1d-2 RCRA Groundwater Screening (pg/L)

Screening Type Screening Criteria Notes
Residential Lower of Residential Tapwater (TR = Same as EPA RSL table
Tapwater 1E-6 and Child HQ =0.1)

MCL Promulgated by EPA Same as EPA RSL table

For reference only; MCLs are not risk-
based values

Residential Calculated on Residential Indoor Air Groundwater Vapor Intrusion (VI)
Groundwater VI Screening Level equation appendix A1.6

Computed for VOCs only
Industrial Calculated on Industrial Indoor Air Groundwater Vapor Intrusion (VI)
Groundwater VI Screening Level equation appendix A1.6

Computed for VOCs only
Construction Calculated on Virginia DEQ Construction Worker Trench Model
Worker Construction Worker Trench Model appendix A2.1
Groundwater Contact based on groundwater depth.
Direct/Indirect Direct Contact: dermal, ingestion, and
Contact inhalation pathways

Indirect Contact: inhalation only
Inhalation computed for VOCs only
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Table 2.5.1d-3 RCRA Air Screening (ug/m3)

Screening Type

Screening Criteria

Notes

Residential Indoor
Air

Lower of Residential Air (TR = 1E-6 and
Child HQ =0.1)

Same as RSL table
Same as Residential Ambient Air

Residential Lower of Residential Air (TR = 1E-6 and | Same as EPA RSL table
Ambient Air HQ=0.1) Same as Residential Indoor Air
Residential Residential Indoor Air/0.03 Computed for VOCs only
Shallow/Sub-Slab

Soil Gas

Residential Deep Residential Indoor Air/0.01 Computed for VOCs only

Soil Gas

Industrial Indoor

Lower of Industrial Air (TR = 1E-6 and

Same as EPA RSL table

Air HQ=0.1) Same as Industrial Ambient Air
Industrial Ambient | Lower of Industrial Air (TR = 1E-6 and Same as Industrial Indoor Air
Air HQ=0.1)

Industrial
Shallow/Sub-Slab
Soil Gas

Industrial Indoor Air/0.03

Computed for VOCs only

Industrial Deep Soil
Gas

Industrial Indoor Air/0.01

Computed for VOCs only

Construction
Worker Soil Gas

Calculated on Virginia DEQ
Construction Worker Trench Model

Computed for VOCs only
Construction Worker Trench Model
appendix A2.2

Table 2.5.1d-4 RCRA Surface Water Screening (pg/L)

Screening Type

Screening Criteria

Notes

Surface Water
Fresh

Lower of (Fed HH-Water + Organism,
VAWQS-HH-PWS). If no value present,
used MCL.

From National Recommended Water
Quality Criteria and VAWQS Tables
Methylmercury, CAS 22967-92-6;
concentrations in (mg/kg)

Surface Water
Marine

Lower of (Fed HH-Organism Only,
VAWQS-HH-OSW). If no value present,
used MCL.

From National Recommended Water
Quality Criteria and VAWQS Tables
Methyl mercury CAS 22967-92-6;
concentrations in mg/kg

2.5.1e Voluntary Remediation Program (VRP)

There are three tiers for evaluation and screening in VRP:

Tier | Site-specific Background

Tier Il Unrestricted/Residential

Tier Ill Restricted/Commercial/Industrial (Construction Worker included in Tier 1ll)
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If all concentrations in all media are less than the Tier | background levels and/or Tier Il screening levels
then no further risk assessment is required. Refer to DEQ’s VRP Risk Assessment Guidance to obtain
detailed information on how to conduct screening at VRP and Brownfields sites.

NOTE: Use VRP screening to evaluate Virginia Brownfields Land Renewal Program.

IMPORTANT! Do not exclude metals from screening or prior to conducting Tier | screening. Provide the
Site-specific Background Comparison Report, section 2.9.2, for chemicals eliminated from quantitative
risk assessment based on Tier | background levels.

IMPORTANT! If Total Petroleum Hydrocarbon (TPH) levels in soil samples are more than 100 ppm,
analyze soil and groundwater samples for Target Analyte List (TAL) metals, volatile organic compounds
(VOCs) and semi-volatile organic compounds (SVOCs).

If COPC concentrations exceed the screening levels, the participant may proceed to the site-specific
guantitative risk assessment. For COPCs that exceed Tier Il screening levels, participants may choose to
perform Tier Ill screening based on the receptors of concern and the proposed restrictions for the site.
Tier Il levels for soil and groundwater assume residential exposure. However, sites such as schools, day
care centers, hospitals, nursing homes, parks, and agricultural areas are considered as Tier Il
Unrestricted for screening purposes.

Tier lll screening is only for sites that adopt one or more formal use restrictions, such as agroundwater
use restrictions, a vapor mitigation requirement, a prohibition of digging or construction, a health and
safety plan requirement, etc. Soil Screening Levels (SSLs) for contaminant migration to groundwater
are not included in Rier lll screening. For more information on offsite plume migration,
characterization, and use restrictions for groundwater, refer the VRP Risk Assessment Guidance.
Evaluation of groundwater contaminant migration to indoor air (V1) requires a separate evaluation.

IMPORTANT! Unrestricted use sites include residential use, schools, day care centers, hospitals,
nursing homes, parks, and agricultural areas.

IMPORTANT! Tier Il DOES NOT apply to unrestricted-use sites. Consult VRP project manager and risk
assessor to determine whether Tier Il screening is appropriate for a particular site.

Table 2.5.1e-1 VRP Soil Screening (mg/kg)

Screening Type Screening Criteria Notes

Residential Soil Tier Il | Lower of Residential Soil (TR = 1E-5 DAF20 equation: appendix Al.7
and Child HQ = 0.1), and SSL-DAF20 | SSL-DAF20 = VRP Tapwater Tier Il
xDAF20

Industrial Soil Tier lll | Lower of Industrial Soil (TR = 1E-5 n/a

and HQ =0.1)
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Table 2.5.1e-2 VRP Groundwater Screening (ug/L)

Screening Type

Screening Criteria

Notes

Residential
Tapwater Tier Il

MCL if available, or Lower of
Residential Tapwater (TR = 1E-5 and
Child HQ =0.1)

Virginia DEQ VRP Policy Decision

Residential Calculated on Residential Indoor Air Groundwater Vapor Intrusion (VI)
Groundwater VI Screening Level equation appendix A1.6

Tier Il Computed for VOCs only
Industrial Calculated on Industrial Indoor Air Groundwater Vapor Intrusion (VI)

Groundwater VI

Screening Level

equation appendix A1.6

Tier lll Computed for VOCs only
Construction Calculated on Virginia DEQ Construction Worker Trench Model
Worker Construction Worker Trench Model appendix A2.1

Groundwater Tier
Il Direct/Indirect

Contact based on groundwater depth.
Direct Contact: dermal, ingestion, and

Contact inhalation pathways
Indirect Contact: inhalation only
Inhalation computed for VOCs only
Table 2.5.1e-3 VRP Air Screening (pug/m?3)
Screening Type Screening Criteria Notes

Residential Indoor
Air Tier lll

Lower of Residential Air (TR = 1E-5 and
Child HQ =0.1)

Same as Residential Ambient Air Tier
1

Residential Lower of Residential Air (TR = 1E-5 and | Same as Residential Indoor Air Tier Il
Ambient Air Tier lll | HQ =0.1)

Residential Residential Indoor Air Tier 111/0.03 Computed for VOCs only
Shallow/Sub-Slab

Soil Gas Tier lll

Residential Deep Residential Indoor Air Tier 111/0.01 Computed for VOCs only

Soil Gas Tier lll

Industrial Indoor
Air Tier lll

Lower of Industrial Air (TR = 1E-5 and
HQ=0.1)

Same as Industrial Ambient Air Tier IlI

Industrial Ambient
Air Tier lll

Lower of Industrial Air (TR = 1E-5 and
HQ=0.1)

Same as Industrial Indoor Air Tier IlI

Industrial Industrial Indoor Air Tier 111/0.03 Computed for VOCs only
Shallow/Sub-Slab

Soil Gas Tier lll

Industrial Deep Soil | Industrial Indoor Air Tier 111/0.01 Computed for VOCs only
Gas Tier lll

Construction Calculated on Virginia DEQ Computed for VOCs only

Worker Soil Gas
Tier 1l

Construction Worker Trench Model

Construction Worker Trench Model
appendix A2.2
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Table 2.5.1e-4 VRP Surface Water Screening (ug/L)

Screening Type Screening Criteria

Notes

If available Lower of VAWQS*
(Freshwater-Chronic, PWS)
Otherwise Lower of (Fed HH-Water +
Organism, Fed Aquatic-CCC-Fresh)

Public Water
Supply Tier Il

From National Recommended Water
Quality Criteria: Human Health,
Aquatic Life, and VAWQS Tables*

If available Lower of VAWQS
(Freshwater-Chronic, OSW)

Otherwise Lower of (Fed HH-Organism
Only, Fed Aquatic-CCC-Fresh)*

Surface Water
Fresh Tier Il

From National Recommended Water
Quality Criteria: Human Health,
Aquatic Life, and VAWQS Tables*

Surface Water
Marine Tier Il

If available Lower of VAWQS
(Saltwater-Chronic, OSW)

Otherwise Lower of (Fed HH-Organism
Only, Fed Aquatic-CCC-Marine)*

From National Recommended Water
Quality Criteria: Human Health,
Aquatic Life, and VAWQS Tables*

Table 2.5.1e-5 VRP Sediment Screening (mg/kg)

Screening Type Screening Criteria

Notes

Sediment Tier Il Residential Soil (without DAF 20) x 10

Applicable to VRP ONLY

*Human Health (HH): National Recommended Water Quality Criteria Human Health Criteria Tables

Criterion Continuous Concentration (CCC): National Recommended Water Quality Criteria Aquatic Life
Criteria Tables Virginia Water Quality Standards (VAWQS): Public Water Supply (PWS), Other Surface

Water (OSW), Fresh Water (FW) Chronic, Marine (Mar) Chronic: 9VAC25-260-140

2.5.2 Select a Program Page

VURAM User Guide| Virginia DEQ | 1111 E. Main St., Suite 1400 Richmond, VA 23219

5] SLPROGRAM
Select A Program
Site Name
Screening Levels
® RCRA Corrective Action®
®  Voluntary Remediation Program (VRP)**
Other Programs
0 Hazardous Waste: Permitted Facilities Closure/RCRA Part B
Quit
NEXT
Go Back
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The program page has three options; screening under either RCRA Corrective Action or VRP.

Select the appropriate option to conduct screening and select Next to proceed. To Quit VURAM and
return to the Background Page click Quit. To select a different module click Go Back to return to the
Introduction Page.

IMPORTANT! For Hazardous Waste Permitted Facilities/RCRA Part B screening evaluation does not
apply.

2.5.3 Setup Page
SETUP
al
SCREENING SETUP
Site Name: Demo Program: RCRA Corrective Action
‘l CAS RN - Search ”

Analyte CAS RN voc? 1? | InEPD? | MCL (ug/L) |SFO (mg/kg-day)-1 |IUR [ug
J2- (cchilarophenyljthlonnea -0 0 S R D sl v Rl L RORESR Eeorel RO PR I 5
1- Acetyl-2-thiourea 591-08-2 =
1,1-Dichloropropense 563-58-6

1,2:3,4-Diepoxybutane 1454-53-5

1,2-Dichloroethene (total) 540-59-0

1,2-Propylenimine 75-55-8

1,3-Dichlorobenzene (meta) 541-73-1 Yes 5.40E-03 1.10E
1,3-Propane sultone 1120-71-4

1,4-Naphthoguinone 130-15-4

1-Naphthylamine 134-32-7

2,2-Dichloropropane;isopropylidene chloride 594-20-7

2,3,4,6-tetrachlorophenol, potassium salt 53535-27-6

2,3,4 6-tetrachlorophenol, sodium salt 255675-5-9

2,3,7,8-TCOF 51207-31-9

2,6-Dichlorophencl 87-65-0

2-Chloroethyl vinyl ether 110-75-8

2-Nitrophenol 88-75-5

2-Picoling; alpha-; 2-Methylpyridine 109-06-8

3-Chloropropionitrile 542-76-7

3-lodo-2-propynyl n-butylcarbamate 55406-53-6

3-Nitroaniline 99-09-2
- 4-Aminopyridine 504-24-5 >
24 { »
Potential Contaminants of Potential Concern (COPCs)
 Analyte |CASRN Selected Chemicals

View Standard Defaults

The setup page provides the complete analyte list along with toxicity and chemical parameter values

used to compute screening levels.

IMPORTANT! Ensure selection is consistent with the CSM. For more information on developing a CSM

see section 1.5.1.

Use the CAS RN Search to look up a chemical by CAS number by typing the CAS RN with dashes, or use
the drop-down arrow to scroll through the complete CAS list. Alternately, click on an analyte in the
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Chemical List to highlight it. Typing the first letter of the chemical name will navigate through the
Chemical List. Once the chosen analyte(s) appears highlighted, add it to the Potential Contaminants of
Potential Concern (COPCs) List by hitting enter twice, double-clicking the analyte in the Chemical List,
or clicking the Add button located next to the Potential COPCs List. The Add button allows also for
multiple selections to be added simultaneously. The adjacent Remove button will delete highlighted
chemicals from the Potential COPCs List.

Once ALL Potential COPCs have been added to the Potential COPCs List, click Next to proceed with
Screening of Environmental Media. To Quit VURAM and return to the Background Page click Quit. To
select a different program click Go Back to return to the Select A Program Page.

ALERT! Select ALL the chemical analytes for ALL sampled media before proceeding. Selected potential
COPCs will remain in VURAM memory when returning to this page. However, all medium-specific
concentration data entered in Screening will be lost.

2.5.4 Screening Page
The screening page for both RCRA Corrective Action and VRP has a tab group to select from the
available environmental media.

For screening purposes, the data for each medium should be sorted by medium. For soil, surface and
subsurface soil should be considered separate and two separate VURAM outputs (screening and QRA)
should be submitted. For data with qualifiers, check if the qualified data can be retained. Do not
eliminate “J” qualifiers. All detected chemicals (maximum concentration) should be entered in the
screening module. If quantitation limits for any chemical(s) exceeds screening values, then consult
Virginia DEQ PM/Risk Assessor before moving ahead with the QRA/analysis. In order to document the
COPC list, as to what is screened in and/or out, it is recommended to enter all chemicals in the
screening module.

Select all applicable chemicals from the Chemical List and add them to the COPCs for screening list for
each applicable medium. The Add All button will select the entire Chemical List. However, all selected
chemicals will require entry of analyte concentration data. The Remove button will remove chemicals
from the COPCs list. After selecting all potential COPCs for an environmental medium, click Enter
Medium Concentrations to proceed to the Medium Concentrations Page, see section 2.8 and enter
sampled or modeled concentrations as appropriate.

IMPORTANT! Analyte concentrations must be entered in the UNITS OF MEASUREMENT specified for
each medium! Conversion of units may be required before data entry.

IMPORTANT! Use the maximum concentration for each medium as the exposure concentration for a
given pathway to place an upper bound on exposure (RAGS Part A). For non-detects, use % of the
method detection limit. In cases where the method detection limit exceeds screening values contact
the Virginia DEQ project manager and/or risk assessor.

After entering concentrations for an environmental medium, click the Screen Medium button to
calculate the COPCs for that medium. Then continue to the next environmental medium, or click
Calculate Screening Report button to proceed to the Screening Report. To Quit VURAM and return to
the Background Page, click Quit. To return to the chemical selection, click Go Back to return to the
Screening Setup Page.
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Once the screening calculation is complete for an environmental medium, a green check mark and
label will appear across the bottom of the screening page to indicate the screened medium. Any
changes to concentrations or analyte selection will cause the medium label and check mark to
disappear, indicating that the medium has not been recalculated with the changes. Once

concentrations are entered for a given medium, the screening calculation for that medium must be
completed to proceed with the report. A red X icon will be displayed next to areas which have not been

completed.

ALERT! The list of potential COPCs will remain in VURAM memory when returning to Screening Setup.

However, all environmental medium-specific concentration data entered will be lost.

2.5.4a. Soil Screening Tab

RCRA SCREENING

Site Name:

SOIL | GROUNDWATER | AIR/VAPOR INTRUSION | SURFACE WATER

Chemical List: Soil Sereening Values
Analyte

Arsenic, Inorganic

Benzene

Benzo[a]pyrene

Tetrachloroethylene

Trichloroethylene

Vinyl Chloride

F

Soil COPCs for Screening:
Analyte

Quit ]
oo

Go Back

CAS
7440-38-2
71-43-2
50-32-8
127-18-4
79-01-6
75-01-4

CAS

RCRA CORRECTIVE ACTION SCREENING

Residential Soil TR=1E-6 (mg/kg) Residential Seil Child THI=1E-1 (mg/kg)

0.68 3.5
12 82
011 18
24 81
0.94 0.41
0.059 7

Selected Chemicals

[ add ][ addall |[ Remove |

Concentration (mg/kg)

Enter Soil Concentrations

‘ Screen Soil

Calculate Screening Report

Select soil COPCs for screening then enter soil concentrations. Chemical concentration units for soil are

mg/kg. Click the Screen Soil button to compute soil screening results. Proceed to the next
environmental medium or click the Calculate Screening Report button.
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2.5.4b Groundwater Screening Tab
[ s |
RCRA CORRECTIVE ACTION SCREENING

Site Name: DEMO

SOIL | GROUNDWATER | AIR/VAPOR INTRUSION | SURFACE WATER

GROUNDWATER { @ Indirect Greater than 15ft
Groundwater

Contact Depth: | @ Direct Less than 15ft

: Analyte CAS [VOC | MCL (ug/L) | Residential Tapwater TR=1E-6 (ug/L) | Residential Tapw:
{ Arsenic, Inorganic 7440-38-2 100E+01 |0.052 0.6 :
:Benzene 71-43-2 ¥ 5.00E+00 046 33

: Benzo[a]pyrene 50-32-8 2.00E-01 |0.025 06

: Tetrachloroethylene 127-18-4 ¥ 5.00E+00 |11 41

i Trichloroethylene 79-01-6 Y S.00E+00 049 0.28

: Vinyl Chioride 75-01-4 Y 2.00E+00 | 0.019 44

Selected Chemicals
[ add ][ Addall ][ Remove |

Concentration (ug/L)
Enter Groundwater
Concentrations

l Screen Groundwater ‘

‘ Calculate Screening Report ]
Go Back

Construction Worker screening values depend on groundwater contact depth. If depth to groundwater
is unknown, use the Direct Contact for screening. Select groundwater COPCs for screening; then, enter
groundwater concentrations. Chemical concentration units for groundwater are pug/L. Click the Screen
Groundwater button to compute groundwater screening results. Proceed to the next environmental
medium or click the Calculate Screening Report button.

IMPORTANT! Depth to groundwater selection is required before screening groundwater.
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2.5.4c Air/Vapor Intrusion (VI) Screening Tab

RCRA SCREENING

RCRA CORRECTIVE ACTION SCREENING

Site Name: DEMO

—

|solL | GROUNDWATER | AIR/VAPOR INTRUSION | SURFACE WATER

Select All :
That Apply: O air (Ambient and/or Indoor) o
O Deep and/or Shallow (Sub-Slab) Soil Gas

Chemical List: Air/VI Screening Values O Construction Worker {Trench;l Soil Gas

: Analyte CAS VOC |Residential Air TR=1E-6 (ug/m3) | Residential Air THI=1E-1 (ug/m3;
: Arsenic, Inorganic 7440-38-2 0.00065 0.0016 3
:Benzene 71-43-2 Y 0.36 31

: Benzofa]pyrene 50-32-8 0.0017 0.00021

i Tetrachloroethylene 127-18-4 ¥ 11 42

: Trichloroethylene 79-01-6 Y 048 0.21

:Vinyl Chloride 75-01-4 Y 0.17 10

™|

Screened Air Analytes for Sereening:
Analyte ; Selected Chemicals

[ Add | Addall | Remove |

Concentration (ug/m3)
Enter Air/VI
Concentrations

s ]

I Calculate Screening Report ‘

Go Back

The Air/VI evaluation relies on multiple lines of evidence. Select all applicable/sampled lines of
evidence (i.e., types of gas or air samples collected). Select air COPCs for screening; then, enter air and
soil gas concentrations. Chemical concentration units for air and soil gas are pug/m3. Click the Screen Air
button to compute air/VI screening results. Proceed to the next environmental medium, or click the
Calculate Screening Report button. Note that direct concentrations (like sub-slab or deep soil gas)
should be entered in media concentrations. They do not have to be modeled to indoor air for the
screening module.

IMPORTANT! Applicable/sampled lines of evidence must be selected before concentrations are
entered.
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2.5.4d Surface Water Screening Tab

RCRA SC|
Site Name: DEMO
n SOIL [ GROUNDWATER [ AIR/VAPOR INTRUSION | SURFACE WATER | '
REACE WATER That Apply: : O Fresh Water
: O Marine Water

Chemical List: Surface Water Screening Value .
: Analyte cAS Federal WQC (HH) Water+Organism (ug/L) | VAWQS Public Water :
{ Arsenic, Inorganic 7440-38-2 1.80E-02 1.00E+01 :
: Benzene 71-43-2 5.80E-01 2.20E+01

: Benzo[a]pyrene 50-32-8 1.20E-04 3.B0E-02

: Tetrachloroethylene 127-18-4 1.00E+01 6.90E+00

:Tric hloroethylene 79-01-6 6.00E-01 2.50E401

:Vinyl Chloride 75-01-4 2.20€-02 2.50€-01

i
|

Surface Water COPCs for Screening:

Analyte cas Selected Chemicals
[ Add IAd.dAll ” Remove l

Concentration (ug/L)
Enter Surface Water
Concentrations

[ Screen Surface Water

Quit

[ Calculate Screening Report ]

Go Back

Surface water is screened differently based on fresh or marine criteria. Select Fresh Water and/or
Marine Water per the CSM. Select surface water COPCs for screening; then, enter surface water
concentrations. Chemical concentration units for surface water are pg/L. Click the Screen Surface
Water button to compute surface water screening results. Proceed to the next environmental medium
or click the Calculate Screening Report button.

NOTE: If screening methylmercury, CAS 22967-92-6, in surface water, enter fish tissue concentrations
in mg/kg instead of ug/L. This fish tissue residue criterion for methylmercury is based on a total fish
consumption rate of 0.0175 kg/day.
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2.5.4e Sediment Screening Tab — VRP ONLY

VRP SCREE

VOLUNTARY REMEDIATION PROGRAM (VRP) SCREENING

Site Name: DEMO

[s0IL | GROUNDWATER | AIR/VAPOR INTRUSION | SURFACE WATER | SEDIMENT |

SEDIMENT
e R
Analyte CAS Residential Soil TR=1E-5 (mg/kg) Residential Soil THI=1E-1 {mg{kglw_‘l_'_:uﬁf
iChlordecone (Kepone) 143-50-0 054 19 246
™| (i
 Analyte cas Selected Chemicals

[ add | add Al | Remove |

Concentration (mg/kg)

Enter Sediment
Concentrations

_____________________________________________ e el

rT——

Go Back

Select sediment COPCs for screening; then, enter sediment concentrations. Chemical concentration
units for sediment are mg/kg. Click the Screen Sediment button to compute sediment screening
results. Proceed to the next environmental medium or click the Calculate Screening Report button.

IMPORTANT! Sediment screening is considered Tier Il and applicable ONLY for the sites in
VRP/Brownfields programs and is not for sites covered by other regulatory programs.
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2.5.5 Screening Report

(& RCRA Screening X
VIirginia vepartment OT cnvironmental Quality =

VURAM

Virginia Unified Risk Assessment Model
VERSION: 3.2

Screening Report: RCRA Corrective Action

Site Name: Demo
By submitting this report to the Virginia DEQ, the user confirms that VURAM's default exposure
parameters have not been altered, unless a complete unaltered VURAM analysis is provided
and all modifications are detailed explicitly in an accompanying narrative or documentation
that shows DEQ's prior concurrence with specific changes.
Screening Threshold Criteria
Non-Cancer Hazard Quotient: 0.1 Individual Cancer Risk: 1.00E-06

Chemical Specific Notes Displayed as Applicable
Total Petroleum Hydrocarbons (TPHs)
Total Petroleum Hydrocarbons (TPH) values cannot be used for risk assessment purposes. Do not use Aliphatic and Aromatic |
High, Med, or Low for quatitative risk assessment.

Print and Close 2ave to PDF Close |
and Close <1

The screening report opens in MS Access Report View as a single long document; scroll to review the
report before proceeding. The Print and Close, Save to PDF and Close, and Close (without saving)
buttons located in the header are not visible on the printed/saved version of the report.

IMPORTANT! A report for each screening must be included in the final Human Health Risk Assessment
report submitted to DEQ for review and approval.

The Environmental Media Screening Page remains open underneath the report. To make changes to
screening concentrations and/or chemical selections, close the report and return to the Environmental
Media Screening page.

ALERT! Save or Print the report before exiting the Media Screening page! Screening reports are NOT
saved in VURAM.

To run a new risk assessment, under the same or different regulatory program, close the report and
return to the Screening Setup or Screening Program page as necessary. To proceed to quantitative risk
assessment, section 2.7, or background comparisons (VRP Tier 1), section 2.9, close the report; then,
select Quit from the Screening page to return to the VURAM Background page.
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2.5.7a Title Page

Virginia Department of Environmental Quality

VURAM

Virginia Unified Risk Assessment Model
VERSION: 3.2

Screening Report: RCRA Corrective Action

Site Name: Demo

By submitting this report to the Virginia DEQ, the user confirms that VURAM's default
exposure parameters have not been altered, unless a complete unaltered VURAM analysis is
provided and all modifications are detailed explicitly in an accompanying narrative or
documentation that shows DEQ's prior concurrence with specific changes.

s ing Th 4 Criteri
Non-Cancer Hazard Quotient: 01 Individual Cancer Risk:  1.0ODE-D6

Chemical Specific Notes Displayed as Applicable

Total Petrobeumn Hydrocarbons [TPH1)
Totsl Petralrum Mydrocarbont (TPH] vakeet cannot be used for sk Jssessment purposet. Do net ute Aliphatc and Aromatic Migh,
Med, or Low for quatiatee risk assessment

All Report Pages are Required for Risk Assessment Submission

Page 1ol 3
Tuesdsy, November 23, 2021

The report title page identifies the VURAM version, selected regulatory program, site name, and
screening threshold criteria used in screening. If the report includes groundwater screening, then the
selected construction worker groundwater contact depth is also displayed.

IMPORTANT! All pages are required for submission.
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2.5.7b Detailed Section

Detailed Screening Report
Trihalomethanes (THMs) and/or Haloacetic Acids (HAAs)*
Methyl Mercury**
Site Name: DEMO
Program: RCRA Corrective Action 1.00E-06
Screening Threshold Criteria :
Non-Cancer Hazard Quotient: 0.1 Individual Cancer Risk:
Surface Water screening values are not applicable to ecological receptors.
Physical and biological parameters are not screened in surface water.
COPCs are listed as NE (not evaluated) where there is no screening level. A v of NE by is provided at the
end of the report.t
.
Soil
mg/kg
Screening Type: Residential Soil
Analyte CAS VOC | Concentration | Screening Level | COPC
Prsenic, Inorganic 7440-38-2 1.00€+02 6.80E-01 ¥
Benzens 71-43-2 ¥ 1.00€+02 1.20E+00 ¥
Bromaform 75252 ¥ 1.00€+02 1.90E+01 ¥
Methyl Mercury 22967-92-6 1.00€+02 7.80E-01 ¥
[Trichlaroethylene 79-01-6 ¥ 1.00€+02 4.10E-01 ¥
Minyl Chioride 75-01-4 ¥ 1.006+02 5.90E-02 ¥
Screening Type: Industrial Soil
Analyte CAS VOC | Concentration | Screening Level | COPC
Prsenic, Inorganic 7440-38-2 1.00€+02 3.00E+00 ¥
Benzene 71-43-2 ¥ 1.00E+02 5.10E+00 ¥
Bromalorm 75-25-2 ¥ 1.00€+02 B.60E+01 ¥
Methyl Mercury 22967-92-6 1.00€+02 1.20E+01 ¥
[richlaroethylene 79-01-6 ¥ 1.00€+02 1.90E+00 ¥
Minyl Chioride 75-01-4 ¥ 1.006+02 1.70E+00 ¥
Screening Type: Risk-based S5L
fnalyte CAS VOC | Concentration | Screening Level | COPC
Prsenic, Inorganic 7440-38-2 1.00€+02 151603 ¥
Benzene 71-43-2 ¥ 1.00€+02 2.33E-04 ¥
Bromaform 75-15-2 ¥ 1.00€+02 B.73E-04 ¥
IMethyl Mercury 22967-92-6 1.00€+02 1.40E+00 ¥
[richiaroethylene 79-01-6 ¥ 1.006+02 1.01-04 ¥
Winyl Chioride 75-01-4 ¥ 1.006+02 6.476-06 ¥
Page 2of 6
Tuesday, March 10, 2020

The detailed report section header shows site-specific information from the title page, screening
criteria, and relevant chemical-specific notes. VURAM compares the entered chemical concentrations
in each screening type to screening levels, if they are available. See section 2.5.1 for screening criteria
details.

A table for each screening type provides the screened analyte name, CAS RN, VOC status, entered
concentration, screening level, and COPC status. The COPC column displays a “Y”, for “yes”, if the
entered concentration exceeds the screening values. If the concentration does not exceed the
screening value, then the COPC column is blank. If there is no screening level available, the COPC
column shows “NE”, for “not evaluated”. A chemical may not have an established screening value if
parameters required to calculate a value are not available, or if the analyte is not relevant to an
exposure scenario. Some analytes may have screening levels for some, but not all screened media.
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Some header notes are specific to the regulatory program or to particular analytes or environmental
media and therefore will not display on every report. Screening Type results may cross pages. If so, the
screening type header repeats on next page.

NOTE: For surface water screening methylmercury, CAS 22967-92-6, concentrations are mg/kg instead
of pg/L.

NOTE: If screening trihalomethanes (THMs) in groundwater, MCL is not applied. In RCRA, no MCL value
for THM is reported. For VRP, risk-based screening values are applied.

IMPORTANT! Surface water and sediment screening values are human health-based and are NOT
applicable to ecological endpoints. Screening values for sediment are applicable only under VRP.

2.5.7c Summary Section

Detailed Screening Report

Trihalomethanes (THMs) screened in groundwater*
Methylmercury screened in surface water**
Site Name: DEMO
Program:  RCRA Corrective Action

Screening Threshold Criteria
Non-Cancer Hazard Quotient: 0.1 Individual Cancer Risk: 1.00E-06

COPCs are listed as NE (not evaluated) where there is no screening level. A summary of NE analytes is provided at the
end of the report.

Construction Worker Groundwater Contact Depth: Direct Less Than 15ft

Summary of COPCs

Summerized by Residential and Industrial receptor screening for all screened media. Construction
Worker screening results are included under the Industrial summary.

Residential

Analyte CAS
|Arsenic, Inorganic 7440-38-2
Benzene 71-43-2
Bromoform 75-25-2
Chlordecone (Kepone) 143-50-0
Chloroform 67-66-3
Methyl Mercury 22967-92-6
[Tetrachloroethylene 127-184
[Trichloroethylene 79-01-6
Vinyl Chloride 75-01-4
Industrial

Analyte CAS
[Arsenic, Inorganic 7440-38-2
[Benzene 71-43-2
Chlordecone (Kepone) 143-50-0
Chloroform 67-66-3
[Trichloroethylene 79-01-6
IVinyl Chloride 75-01-4
Not Evaluated - NE

Analyte CAS
Arsenic, Inorganic 7440-38-2
Bromoform 75-25-2
Chlordecone (K ) 143-50-0
Chloroform 67-66-3

Page 11 of 12
Monday, March 12, 2018
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The report summary groups COPCs by receptor. RCRA is summarized by Residential and Industrial
receptors. VRP is summarized by Tier Il Unrestricted and Tier Il Restricted. Analytes identified as a
COPCs show only once in the summary. However, each analyte may exceed screening in one or more
media AND one or more screening type.

NOTE: Construction worker screening results are included in industrial under RCRA and Tier lll under
VRP.

NOTE: Risk-based SSL, MCL-based SSL, MCL, and surface water screening results are summarized as
residential for RCRA and included in Tier Il screening criteria for VRP.

NOTE: Groundwater VI, indoor air, ambient air, shallow/sub-slab soil gas, and deep soil gas are
summarized as Tier Il for VRP.

The report summary includes a list of NE analytes. It is possible for a chemical to be both NE and a
COPC if screening values are available in some evaluated screening types but not others. If no screened
analytes meet NE criteria (i.e., all screened COPCs in all media have screening values), then a note
appears, stating, “No NE Analytes in Screening Level Risk Assessment.” Footnotes for chemical and
receptor-specific screening appear as applicable. The END OF REPORT note is displayed on the final
page after the COPC summary and foot notes.

NOTE: If no analytes are identified as COPCs in the screening evaluation then a one row blank summary
table will be displayed. If analytes are identified as COPCs in Residential/Tier Il only, then the
Industrial/Tier 1ll table will not be displayed.

IMPORTANT! Evaluation of each not evealuated (NE) analyte is required before eliminating it from the
COPC list.

IMPORTANT! ALL report pages are required for risk assessment submission.

2.6 Quantitative Risk Assessment Module
In the quantitative risk assessment module, VURAM calculates the noncancer Hazard Quotient (HQ)
and cancer risk for all entered COPCs for the selected study area, provided that all chemical parameters
and toxicity information required for computation are available. Some COPCs may be missing
necessary data for computation. See appendix A1.0 and appendix A2.0 for calculation equations and
exposure parameters.

IMPORTANT! Ensure selection is consistent with the CSM. For more information on developing a CSM
see section 1.5.1.

IMPORTANT! If eliminating COPCs from quantitative risk assessment based on background levels,
include the Site-Specific Background Comparison Report. See section 2.9 for details.

IMPORTANT! Uncalculated hazard/risk does not automatically exclude COPCs from the risk
assessment.

IMPORTANT! For each medium, use either the maximum detected concentration or the 95% upper
confidence limit of the mean, as applicable.
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Collect and organize site-specific COPCs and sample data before beginning. Each medium-specific COPC
list may contain all or some of the site-specific COPCs. The example table below provides a possible
organization of medium-specific COPCs and exposure point concentrations (EPCs). Variation in
chemical names may occur, but the CAS number are the most reliable method to identify each analyte.

Table 2.7-1 Example COPC Organization

coPC CAS | Soil EPC (mg/kg) | CSroundwater EPC Air EPC (ug/m3)
(ng/L)

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 11.11
Benzo[a]pyrene 50-32-8 1.97 18.21

Mercury (elemental) |7439-97-6 |2.8 9.98

2.6.1 Calculation Criteria
The general approach to risk assessment is consistent across programs. However, some programmatic
differences exist. Once a regulatory program is established, quantitative risk assessment may require
re-evaluation under the appropriate program. RCRA Corrective Action calculations follow the
CERCLA/Superfund and Federal Facilities risk assessment paradigm. Virginia Brownfields Land Renewal
Program may use VRP.

IMPORTANT! For sites where COPCs have migrated offsite, contact Virginia DEQ for offsite data
requirements before using the quantitative risk assessment module.

The study area selection consists of residential, industrial/commercial, construction, recreator, and
trespasser scenarios. All study areas evaluate hazard/risk for the adult receptor. The residential,
recreator, and trespasser scenarios also evaluate the child receptor. A separate risk assessment report
is required for each study area evaluated in VURAM. Some or all of the environmental media
calculations are available based on the study area and program selections. Unavailable media pages
display in gray, with all options inactive. If the CSM requires calculation for an unavailable
environmental medium, contact a DEQ project manager or risk assessor for options.

IMPORTANT! Residential use sites include residential use, schools, day care centers, hospitals, nursing
homes, parks, and agricultural areas.

IMPORTANT! Include surface water and sediment for sites with surface water on site or adjacent to
the site. Surface water and sediment values are human health-based and are NOT applicable to
ecological endpoints.

2.6.1a Performance Criteria

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 for the cumulative acceptable cancer risk
performance standard is 1E-4 to 1E-6. The recommended individual risk is at or below 1E-6, except
under the VRP, which by regulation accepts an individual risk at or below 1E-5. For RCRA permitted
units and facilities, the acceptable combined risk performance standard from all carcinogenic risk from
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all exposure pathways and media for a given receptor is 1E-04. For individual carcinogenic risk
performance standard from all exposure pathways and media for a given receptor is 1E-6. Options to
select individual and cumulative risk-based performace standards are provided in VURAM and may be
selected as appropriate.

A hazard index is the sum of HQs for COPCs with noncarcinogenic effects. For example, exposure to
contaminated soil involves potential ingestion, inhalation of particulates and volatiles, and dermal
contact. Therefore, the hazard index for an individual COPC is the sum of the exposure pathway HQs
associated with each of the three routes of exposure. HQs are combined to yield a hazard index for
each COPC calculated, all COPCs in a given environmental medium, and a site-wide total hazard index.
The performance criteria, both-for individual noncarcinogens and for the sum of all noncarcinogens, is
a hazard index no greater than 1.

IMPORTANT! The hazard index is not derived using the target organ-specific HQ. Target organ data are
provided on the setup pages in VURAM in order to calculate the sum of HQs for substances that affect
the same target organ or organ system.

IMPORTANT! Based on EPA Region 3 recommendation, dermal risk for chemicals outside of the
effective predictive domain (EPD) are quantitatively assessed. For more information, refer Region 3
Updated Dermal Exposure Assessment Guidance.

IMPORTANT! In the absence of speciation data, all chromium concentrations are assumed to be in
hexavalent form, chromium VI, CAS 18540-29-9.

2.6.1b Groundwater Notes

For all study areas except construction worker, groundwater inhalation does not reflect the vapor
intrusion pathway (shallow/sub-slab or deep soil gas). Inhalation from groundwater refers to the
inhalation of vapors during all uses of household water (e.g., showering, laundering, dish-washing, etc.)
and includes all possible exposures to volatilized air concentrations of contaminants that derive from
contaminated tapwater in a residence.

Construction Worker groundwater exposure is based on the Virginia DEQ Construction Worker Trench
Model. Select the groundwater depth based on shallowest groundwater on the site. For a groundwater
depth of less than 15 feet (direct contact), groundwater is assumed to pool in the trench. Therefore, all
exposure pathways—ingestion, inhalation, and dermal—apply. At groundwater depths greater than 15
feet (indirect contact), VOC contaminant transport through the vadose zone is assumed, and only the
inhalation pathway applies. For both scenarios, the inhalation pathway is evaluated only for those
COPCs marked as VOC in the RLS table.

IMPORTANT! For RCRA Corrective Action, consult both the groundwater screening and soil risk-based
SSL (DAF-1) screening results to evaluate the soil-to-groundwater pathway. Additional modeling and/or
groundwater monitoring may be required before conducting risk assessment for groundwater
exposure.

Virginia DEQ considers drinking water as the highest beneficial use for groundwater. Therefore,
groundwater calculations use residential exposure defaults and equations. Groundwater is available for
the industrial/commercial study area under RCRA Corrective Action, RCRA Part B, and VRP.
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For VRP in QRA, under the industrial/commercial study area, selection of a groundwater declaration is
required. Select beneficial use to compute groundwater, if groundwater will have a potable use at the
site.. Select restricted use if Tier Ill screening levels are applicable AND there is a proposed
groundwater restriction at the site. For more details concerning the groundwater declaration under
VRP contact DEQ risk assessor or project manager.

IMPORTANT! QRA under the VRP progam cannot be finalized unless the right groundwater use
declaration is selected.

IMPORTANT! Restricted use of groundwater is for onsite use ONLY. Evaluate potential offsite risks and
receptors separately. For the restricted use declaration to apply the nature and extent of the
groundwater plume must be sufficiently characterized and concentrations along the vertical and
horizontal migration of the plume must be stable.

2.6.1c Air and Vapor Intrusion (VI) Notes

Use measured or calculated air concentrations for evaluating inhalation hazard/risk from indoor (via
vapor intrusion) or outdoor (ambient) air exposure. The concentration input for this exposure scenario
includes ONLY ONE of the following: measured concentration from sub-slab gas, shallow soil gas, deep
soil gas, indoor air, or outdoor air, OR calculated air concentration from groundwater-to-indoor air
calculations, output from air dispersion model, or any other Virginia DEQ-approved model results that
generate fate-and-transport model-based air concentration.

IMPORTANT! For VI evaluation where multiple lines of evidence are available, enter the concentration
that shows maximum exceedance of screening levels.

IMPORTANT! EPA no longer recommends the Johnson and Ettinger (J&E) model for indoor air
calculations and instead recommends the Vapor Intrusion Screening Level (VISL) calculator. Virginia
DEQ recommends the VISL Calculator.

2.6.1d Construction Notes

The construction study area calculates the air inhalation pathway using the Virginia DEQ Construction
Worker Trench Model for soil gas. Shallow/sub-slab or deep soil gas may be used as concentration
values for evaluating the exposure to a construction worker in a trench. This inhalation value is distinct
from the groundwater inhalation pathway.

EPA RSL equations are used to compute construction soil, however, construction worker exposure
defaults for soil under VRP differ slightly from other programs. The construction worker scenario for all
environmental media and under all programs uses sub-chronic toxicity values where available, and
chronic toxicity values otherwise. The Virginia DEQ Construction Worker Trench Model applies to
calculations of groundwater and air for the construction study area. See appendix A1.3 for construction
soil and appendix A2.0 for the Virginia DEQ Construction Worker Trench Model.
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2.6.2 Setup Page

SETUP

Site Name:

Program

@ RCRA Corrective Action*

® Hazardous Waste: Permitted Facilities/RCRA
PartB

® Solid Waste
® Voluntary Remediation Program (VRP)**

Chemical List
Analyte

1- (o-Chlorophenyl)thiourea
1- Acetyl-2-thiourea
1,1-Dichleropropene

1,2:3 4-Diepoxybutane
1,2-Dichloroethene (total)
1,2-Propylenimine
1,3-Dichlorobenzene (meta)
1,3-Propane sultone
1,4-Naphthoguinone
1-Naphthylamine
2,2-Dichloropropane;isopropylidene chloride

F

Contaminants of Potential Concern (COPCs)
Analyte

Quit

Go Back

Study Area

*Calculations follow CERCLA/Superfund and Federal Facilities risk assessment paradigm
**May also be used for Virginia Brownfields Land Renewal Program

QUANTITATIVE RISK ASSESSMENT SETUP

Risk Value Defaults

Individual Chemical Cumulative Risk

& Residential Risk (All Chemicals)
® Industrial/ Commercial &
» * Ie_
& Construction C je-5 - 4
& Recreator & 10-6 . 1€-5
& Trespasser 1e-6
CAS RN - Search
5
CASRN VOC? Mutagen? |InEPD? | MCL [ug/L) |SFO (mg/kg-day)}-1 | IUR (ug =
5344-82-1
591-08-2
563-58-6
1464-53-5
540-59-0
75-55-8
541-73-1 5.406-03 1106
1120-71-4
130-15-4
134-32-7
594-20-7

CAS RN

View Standard Defaults

Selected Chemicals

Add ‘B.EEDD\'E

NEXT

The setup page provides options for the program, study area, and risk value defaults along with the

complete analyte list showing toxicity and chemical parameter values used to compute noncancer

hazard and cancer risk levels. Select the appropriate regulatory program under which to compute the

risk assessment and study area under which to conduct calculations.

The setup page opens with risk value defaults set according to RCRA Corrective Action guidance. For

VRP risk assessment, individual chemical risk can be changed to 1E-5. Any other changes to risk

defaults require advance consultation with Virginia DEQ. Contact the project manager or risk assessor

to confer on risk value defaults.

Use the CAS RN Search to look up a chemical by CAS number by typing the CAS RN with dashes, or use

the drop-down arrow to scroll through the complete CAS list. Alternately, click on an analyte in the
Chemical List to highlight it. Typing the first letter of the chemical name will navigate through the

Chemical List. Once the chosen analyte(s) appears highlighted add them to the COPCs List by hitting
enter twice, double-clicking the analyte in the Chemical List, or clicking the Add button located next to
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the COPCs List. The Add button also adds multiple selections simultaneously. The adjacent Remove
button will delete highlighted chemicals from the COPCs List.

ALERT! Select ALL the chemical analytes for ALL sampled media before proceeding. Selected COPCs will
remain in VURAM memory when returning to this page. Changes can be made to the program, study
area, risk value defaults, and COPCs List after calculations are run. However, all medium-specific
concentration data entered in calculations will be lost.

Environmental | Ingestion | Inhalation | Dermal Notes

Media
Soil Yes Yes Yes Not available under Solid Waste Program
Groundwater Yes Yes Yes Industrial evaluated using residential exposure

defaults and equations

Groundwater Declaration required for
industrial/commercial under VRP

Construction calculated using DEQ Trench Model
Construction exposure pathways are dependent
on depth to groundwater

Industrial study area not available under Solid
Waste Program

Not available for recreator or trespasser study
areas

Air No Yes No Use the concentration that shows the maximum
exceedance of screening levels

Use ONLY ONE measured OR calculated
concentration

Construction calculated using DEQ Trench Model
for soil gas

Calculations are independent of age; noncancer
hazard reported to both child and adult totals
Not available under Solid Waste Program

Not available for recreator or trespasser study
area

Surface Water | Yes No Yes Residential calculations use recreator equations
and exposure defaults

Not available under Solid Waste Program

Not available for industrial/commercial or
construction study areas

Sediment Yes Optional Yes Residential calculations use recreator equations
and exposure defaults

Select Inhalation based on site-specific COPCs
Not available under Solid Waste Program

Not available for industrial/commercial or
construction study areas

Food Yes No No Available for residential study area only
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Environmental | Ingestion | Inhalation | Dermal Notes
Media

For nonresidential study areas, re-run VURAM as
residential and evaluate food only; submit both
reports with risk assessment

Select one or more food media (food groups); all
selections must have entered concentrations for
all selected COPCs

Not available under Solid Waste Program
Calculations are independent of age

Once ALL COPCs have been added to the COPCs List, click Next to proceed to Calculations. To end the
VURAM session and return to the Background Page, click Quit. Click Go Back to return to the
Introduction Page. To review the values used in all risk computations, click the View Standard Defaults
button, see section 2.3 for details.

2.6.3 Calculation Pages
The quantitative risk assessment calculation page has a tab group to select from the available
environmental media. Each tab contains medium-specific selection options for calculation and a
Chemical List that includes the analyte name and CAS. This Chemical List is reflective of the selection of
COPCs from the previous page. Select all applicable computation options and add all applicable
chemicals from the Chemical List to the COPCs List for each applicable medium. The Add All button will
select the entire Chemical List. However, all selected chemicals must have analyte concentration data.
The Remove button will remove chemicals from the COPCs List. After selecting ALL COPCs for an
environmental medium click Enter Medium Concentrations to proceed to the Medium Concentrations
Page and enter sampled or modeled concentrations as appropriate.

IMPORTANT! Analyte concentrations must be entered in the UNITS OF MEASUREMENT specified for
each medium. Conversion of units may be required before data entry.

After entering concentrations for an environmental medium, click the Calculate Medium button to
calculate the hazard/risk values for that medium. Continue to next environmental medium or click
Calculate Total Risk/Hazard Report button if ready to proceed to the Study Area Quantitative Risk

Assessment Report. To quit VURAM and return to the Background page, click Quit. To return to the
chemical selection or change the program or study area, click Go Back to return to the Setup Page.

Once calculations are complete for an environmental medium, a green check mark and label will
appear across the bottom of the page to indicate the completed medium. Any changes to
concentrations or analyte selection will cause the medium label and check mark to disappear,
indicating that the medium has not been recalculated with the changes. Once concentrations are
entered for a given medium, the calculations for that medium must be completed to proceed with the
report. A red X icon will be displayed next to areas which have not been completed.

ALERT! COPCs will remain in VURAM memory when returning to the Setup Page. However, all
environmental medium-specific concentration data entered will be lost.
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Table 2.6.3-1 Calculation Notes by Environmental Media Summary

2.6.3a Soil Calculation Tab

CALCULATION
r ~ 1O ) AT ~ ~
QUANTITATIVE RISK ASSESSMENT CALCULATION
Site Name: DEMO Program: RCRA Corrective Action
SOIL  |GROUNDWATER | AIR | surFacE waTER | SEDIMENT | Foop |
; Exposure Pathway Receptor
thclyj o2t ® Ingestion o ® Chid o
® Inhalation @ Adult
COPCs: ® Dermal
Analyte CAS NO
Arsenic, Inorganic 7440-38-2
Benzene 71-43-2
Bromoform 75-25-2
Methyl Mercury 22967-92-6
Tetrachloroethylene 127-18-4
Trichloroethylene 79-01-6
Vinyl Chloride 75-01-4
4 el b
Soil COPCs:
Analyte CAS NO Selected Chemicals
[ Add | addall | Remove |
Concentration Units (mg/kg)
Enter Soil Concentrations]
- : [ Caleulate Soil \‘
Quit
l Calculate Total Risk/Hazard |
Go Back Report J

The soil calculation page is consistent across all programs and study areas. Soil calculations are not
available under the Solid Waste Program for all study areas.

Select soil COPCs; then, enter soil concentrations. Chemical concentration units for soil are mg/kg. Click
the Calculate Soil button to compute quantitative soil results. Proceed to the next environmental
medium or click the Calculate Total Risk/Hazard Report button.
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2.6.3b Groundwater Calculation Tab

CALCULATION

QUANTITATIVE RISK ASSESSMENT CALCULATION
Site Name: Program:

[so | crounDwaTER (AR [ surrace waTer | seDivenT | Foop |

Exposure Pathway Receptor

Study Area: © Ingestion 0 @ Child 0
@ Inhalation
@ Adult
COPCs: @ Dermal
: Analyte CAS NO
Arsenic, Inerganic 7440-38-2
Benzene 71-43-2
Bromoform 75-25-2
Methyl Mercury 22967-92-6
Tetrachloroethylene 127-18-4
Trichloroethylene 79-01-6
Vinyl Chloride 75-01-4

Groundwater COPCs:
Analyte CAS NO Selected Chemicals

[ Aadd ] Addall ][ Remove |

Concentration Units (pg/L)

Enter Concentrations

Calculate Groundwater

Quit
— Calculate Total Risk/Hazard
Go Back Report

Select groundwater COPCs; then, enter groundwater concentrations. Chemical concentration units for
groundwater are pg/L. Click the Calculate Groundwater button to compute quantitative groundwater
results. Proceed to the next environmental medium or click the Calculate Total Risk/Hazard Report
button.

Virginia DEQ considers drinking water to be the highest beneficial use for groundwater. Residential and
industrial study areas are evaluated using residential exposure defaults and equations. Groundwater is
not available for the industrial study area under the Solid Waste Prorgram. Construction calculations
use the DEQ Construction Worker Trench Model equations; see appendix A2.0. For the construction
study area, a depth to groundwater selection is required. The industrial study area under VRP requires
a groundwater declaration, regardless of groundwater COPCs.

IMPORTANT! Groundwater contaminant concentrations must be evaluated with respect to fate and
transport.
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T

Site Name: DEMO

QUANTITATIVE RISK ASSESSMENT CALCULATION

Program: RCRA Corrective Action

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

: Chlordecone (Kepone)
: Mercury (elemental)

: Methyl Mercury

: Naphthalene
:Tetrachloroethylene
:Trichloroethylene
:Vinyl Chloride

e

:Analyte

GROUNDWATER Exposure Pathway Receptor
Study Area: Construction e Ingestion o O Child o
- O Inhalation ‘e o '

COPCs: . O permal {——cT
I —————————— s
{Arsenic, inorganic 7440-38-2 | Groundwater Contact Depth
‘Benzene 71-43-2 N N Ty
: Bromoform 75-25-2

Groundwater COPCs:

Go Back

@® Indirect Greater than 15ft

143-50-0 :
@ Direct Less than 15ft

7439-97-6
22067-92-6
91-20-3
127-18-4
79-01-6 i
75-01-4 =

Selected Chemicals
[ add | Addall || Remove |

Concentration Units (ug,/L)

l Enter Concentrations

[ Calculate Groundwater

[ Calculate Total Risk/Hazard l
Report

For the construction study area, a Groundwater Contact Depth option box will be displayed beneath
the Exposure Pathway and Receptor options. Depth to groundwater must be selected to proceed with
calculations. The exposure pathway(s) will be automatically selected based on the Groundwater

Contact Depth.

IMPORTANT! Select the shallowest groundwater depth at the site. If depth to groundwater at the site
is unknown, select Direct Less than 15 ft.
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QUANTITATIVE RISK ASSESSMENT CALCULATION

Site Name: DEMO Program: Voluntary Remediation Program (VRP)

GROUNDWATER |AIR | SURFACE WATER | SEDIMENT | FOOD |

GROUNDWATER Exposure Pathway Receptor

Study Area: Industrial/Commercial @ mngestion @ Ochia @

® Inhalation : :

COPCs: - ©Dermal
g |

7440-38-2
i Benzene 71-43-2

: Bromoform 75-25-2

: Methyl Mercury 22967-92-6
Tetrachloroethylene 127-18-4

: Trichloroethylene 79-01-6
‘Vinyl Chloride 75-01-4

i © Adult

Groundwater Use Declaration o

< ; . | @ Beneficial Use

| @ Restricted Use
Groundwater COPCs: :

M‘Im -
(28 J e [ Remove

Concentration Units (ug/L)

[ Enter Concentrations ]

lQalcu.late Groundwater l

Calculate Total Risk/Hazard ‘
Report

For the industrial study area (under VRP only), a groundwater use declaration is required. The
Groundwater Use Declaration option and info icon will appear below the Exposure Pathway and

Receptor options. Select Beneficial use to calculate groundwater or Restricted Use to exclude it, as
applicable.

IMPORTANT! Groundwater Use Declaration is required for the industrial study area under VRP,
regardless of the evaluation of the groundwater medium.
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2.6.3c Air Calculation Tab
oo A
QUANTITATIVE RISK ASSESSMENT CALCULATION

Site Name: DEMO Program: RCRA Correcti i

|soi. | GrounDwaTER| AR | SURFACE wATER | SEDIMENT | Foop |

IR Soil Gas Exposure In a Trench o Exposure Pathway Receptor
Study Area: Construction '® Inhalation 0 © Chid 0
......................... 3 (O] Adult
COPCs:-
{ Analyte CAS NO ai
: Arsenic, Inorganic 7440-38-2 -J
: Benzene 71-43-2 2
: Bromoform 75-25-2
i Chlordecone (Kepone) 143-50-0
: Mercury (elemental) 7439-97-6
: Methyl Mercury 22967-92-6
: Naphthalene 91-20-3
: Tetrachloroethylene 127-18-4
i Trichloroethylene 79-01-6
:Vinyl Chloride 75-01-4 i
™ *
AT COPCS:
| Analyte CAS NO 3 Selected Chemicals
' ¢ [[add_ | addall |[Remove |
Concentration Units (ug/m3)
l Enter Concentrations
e : | Calculate Air I
: J :
Quit
[ Calculate Total Risk/Hazard l
=

Select air COPCs; then, enter air concentrations. Chemical concentration units for air are pg/m?3. Click
the Calculate Air button to compute quantitative air results. Proceed to the next environmental
medium or click the Calculate Total Risk/Hazard Report button.

Air VI risk estimates rely on multiple lines of evidence. For quantitative risk assessment air hazard/risk
values are computed using indoor air equations for residential and industrial study areas. To convert
soil gas to indoor air concentrations, refer to EPA's VISL calculator. The construction study area is
calculated using the DEQ Construction Worker Trench Model for soil gas.

IMPORTANT! Use ONLY ONE measured OR calculated concentration.

IMPORTANT! If multiple measured or calculated concentrations are available for a given COPC, use the
concentration which shows the maximum exceedance of screening levels.
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2.6.3d Surface Water Calculation Tab
[ caLcuLation

QUANTITATIVE RISK ASSESSMENT CALCULATION

Site Name: DEMO Program: RCRA Corrective Action

[solL [ GROUNDWATER [AIR | SURFACE waTER |seDIMENT [ FooD |
SURFACE WATER Exposure Pathway Receptor
Study Area: Residential ® Ingestion o ® Child o

® Dermal ® Adult

COPCs:

| Analyte |cAs NO

: Arsenic, Inorganic 7440-38-2
: Benzene 71-43-2
Bromoform 75-25-2

: Chlordecone (Kepone) 143-50-0

: Mercury (elemental) 7439-97-6
: Methyl Mercury 22967-92-6
: Naphthalene 91-20-3
Tetrachloroethylene 127-18-4

: Trichloroethylene 79-01-6
iVinvl Chloride 75-01-4
™

Surface Water COPCs:
(Analyte Selected Chemicals

(add_) Ada Al |(gemove |

Concentration Units (pg/L)

l Enter Concentrations I

; | Calculate Surface Water I

[ Calculate Total Risk/Hazard l
Report

Select surface water COPCs; then, enter surface water concentrations. Chemical concentration units
for surface water are pg/L. Click the Calculate Surface Water button to compute quantitative surface
water results. Proceed to the next environmental medium or click the Calculate Total Risk/Hazard
Report button.

Surface water is available for residential, recreator, and trespasser study areas only and is not available
under the Solid Waste Program. Residential study area calculations use recreator equations and
exposure defaults.

VURAM User Guide| Virginia DEQ | 1111 E. Main St., Suite 1400 Richmond, VA 23219 45



2.6.3e Sediment Calculation Tab

QUANTITATIVE RISK ASSESSMENT CALCULATION

Site Name: DEMO Program: RCRA Corrective Action

|soiL | GROUNDWATER | AIR | SURFACE WATER | SEDIMENT |Fo0D I‘I
Exposure Pathway Receptor
QO Ingestion 0 ® Child 0

'O Inhalation ® Adult
COPCs: O Dermal
s
iArsenic, Inorganic 7440-38-2
: Benzene 71-43-2
: Bromoform 75-25-2
‘Chlordecone (Kepone) 143-50-0
: Mercury (elemental) 7439-97-6
: Methyl Mercury 22967-92-6
: Naphthalene 91-20-3
:Tetrachloroethylene 127-18-4
:Trichloroethylene 79-01-6 :
:Vinyl Chloride 75-01-4 i
™ | *
Sediment COPCs
Analyte |cas no Selected Chemicals

[Lada ] AddAU [ Bemove |

Concentration Units (mg/kg)

l Enter Concentrations

[ Calculate Sediment I

Caleulate Total Risk/Hazard
Report

Select sediment COPCs; then, enter sediment concentrations. Chemical concentration units for
sediment are mg/kg. Click the Calculate Sediment button to compute quantitative sediment results.
Proceed to the next environmental medium or click the Calculate Total Risk/Hazard Report button.

Sediment is available for residential, recreator, and trespasser study areas only and is not available
under the Solid Waste Program. Residential study area calculations use recreator equations and
exposure defaults.

IMPORTANT! Dermal and ingestion exposure pathways are required. Inhalation exposure pathway can
only be evaluated if manually selected for certain COPCs.
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2.6.3f Food Calculation Tab

r_ - — —
o S, S—ss

QUANTITATIVE RISK ASSESSMENT CALCULATION
Site Name: DEMO Program: Voluntary Remediation Program (VRP)

|[soi. [ crounowater [aIR | surrace waTer | sepiment| Foop |

Exposure Pathway Receptor

Study Area: Residential @ Ingestion o @ Child o
: ® Adult
OO CST
‘Analyte CAS NO Food Media
: Arsenic, Inorganic 7440-38-2 e
‘Bromate 15541-45-4 : » e
 Chromium({Vi) 18540-29-9 O Meat and Dairy
 Cyanide (CN-) 57-12-5 i O Eggs
O Fish and Shellfish
Q Fruits and Vegetables
1 3
Food COPCs

;Analv‘te | cas No Selected Chemicals
i [ Add | Addall [ Remove |

Concentration Units (mg/kg)

l Enter Concentrations

| Calculate Food I

[ Caleulate Total Risk/Hazard ‘
Report

18

The food medium is divided into food groups of meat and dairy, eggs, fish and shellfish, and fruits and
vegetables. Select one or more of the food groups. Select food COPCs; then, enter food concentrations.
Chemical concentration units for food are mg/kg. Click the Calculate Food button to compute
guantitative food results. Proceed to the next environmental medium or click the Calculate Total
Risk/Hazard Report button.

The food medium is not available in VURAM'’s screening levels module. Quantitative risk assessment
for food is available for the residential study area only. For non-residential study areas requiring
evaluation of the food medium re-run VURAM as residential and evaluate food only, submit both
reports with the risk assessment.

IMPORTANT! Select at least one food group to evaluate the food medium; all selections must have
entered concentrations for all selected COPCs.
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2.6.3g Unavailable Environmental Media

QUANTITATIVE RISK ASSESSMENT CALCULATION

Site Name: DEMO Program: RCRA Corrective Action
|solL | GROUNDWATER [ AIR | SURFACE WATER |SEDIMENT | FOOD |
SURFACE WATER Exposure Pathway Receptor
Study Area: Construction : ; o O Child o
A\|Page Not Available for Selected Study Area|
L § i ® Adult :
COPCs:
{Analyte CAS NO :
| Arsenic, Inorganic 7440-38-2 G
: Benzene 71-43-2 :
: Bromoform 75-25-2
: Chlordecone (Kepone) 143-50-0
: Mercury (elemental) 7439-97-6
| Methyl Mercury 22967-92-6
:Naphthalene 91-20-3
: Tetrachloroethylene 127-18-4
i Trichloroethylene 79-01-6
:Vinyl Chloride 75-01-4 ¥:
™ 4
Surface Water COPCs:
‘Analyte CAS NO : Selected Chemicals
i [ Add | Add All || Remove
Concentration Units (ug/L)
Enter Concentrations
= Calculate Surface Water
Calculate Total Risk/Hazard
W Report

When an environmental medium is not available for calculation due to a program or study area
restriction, the page controls will appear gray and unresponsive. The environmental media, tabs and
the Quit, Go Back and Calculate Total Risk/Hazard Report buttons are still functional. However, the
report calculation will only function if all inputs on all other environmental media tabs are completed.
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2.6.4 Quantitative Risk Assessment Report

(& Residential

Virginia Unified Risk Assessment Model
VERSION: 3.2
Residential Quantitative Risk Assessment Report

Program: RCRA Corrective Action

Site Name: 123

By submitting this report to the Virginia DEQ, the user confirms that VURAM's default exposure
parameters have not been altered, unless a complete unaltered VURAM analysis is provided
and all modifications are detailed explicitly in an accompanying narrative or documentation
that shows DEQ's prior concurrence with specific changes.

Chemical Specific Notes Displayed as Applicable

Print and Close SR L F Close
and Close

All Report Pages are Required for Risk Assessment Submission

Site Name: 123 Residential

Program: RCRA Corrective Action
Risk Based Performance Criteria
Default Hazard Index Default Risk for Individual Chemical Default Cumulative Risk (All Chemicals)
1 1.00E-06 1.00E-04

The Report View in MS Access allows for printing and saving functions to appear as buttons on the
report. The report will display as a single contiguous page. Print layouts are setup in the report and
page headers and footers will be repeated automatically.

The Total Hazard/Risk Report is broken down by selected media and by chemical. A total (site wide)
hazard for adult and child (if applicable) and risk is calculated by summing the hazard/risk respectively
from all chemicals and all exposure pathways across all media. Individual hazard/risk levels are given
for each selected chemical and each applicable exposure pathway where all values necessary for
computation are available. Chemicals without computed hazard/risk values do not have associated
values within VURAM and are reported as blank. VURAM does not compute uncertainty. However,
blank values must be included in the qualitative uncertainty discussion section of the Risk Assessment
report.

Changes to the risk assessment can be made as needed by closing the report and returning to the
Calculations Page. To run a new risk assessment, under same or different regulatory program, Close
the report and return to the Setup page. A report for each evaluated study area must be included in
the final Human Health Risk Assessment report submitted to Virginia DEQ for review and approval.
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ALERT! Save or Print the report before exiting the Media Calculation Page. Screening reports are NOT
saved in VURAM.

2.6.4a Title Page

Virginia Department of Environmental Quality

VURAM

Virginia Unified Risk Assessment Model
VERSION: 3.2
Residential Quantitative Risk Assessment Report

Program: RCRA Corrective Action
Site Name: 123

By submitting this report to the Virginia DEQ, the user confirms that VURAM s default
exposurg parameters have not been altered, unless a complete unaltered VURAM analysis is
provided and all modifications are detailed explicitly in an accompanying narrative or
documentation that shows DEQs prior concurrence with specific changes.

Chemical Specific Notes Displayed as Applicable

All Report Pages are Required for Risk Assessment Submission

Turndsy, Nowember 23, 2021 Fage 1 of 11

The report title page identifies the VURAM version, selected regulatory program, site name, total (site-
wide) hazard/risk and the risk-based performance criteria. If the study area is construction then the
report includes groundwater contact depth.

Where HI/HQ or risk exceeds the risk-based performance criteria an exceeds message is displayed next
to the total.

IMPORTANT! All pages are required for submission.
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2.6.4b Detailed Section

Site Name: DEMO
Program:

Default Hazard Index

RCRA Corrective Action

Risk Based Performance Criteria

Default Risk for Indidvidual Chemical

Residential

Default Cumulative Risk (All Chemicals)

1 1.00E-06 1.00E-04
"
Soil
Analyte: Arsenic, Inorganic
CAS: 7440-38-2
Concentration mg/kg : 1.00E+01 Calculated Hazard Index/Risk
RfDo (mg/kg-day): 3.00€-04 Non-Cancer Adult Non-Cancer Child Cancer
RfCi (mg/m3): 1.50E-05 | Ingestion: 2.40E-02  Ingestion: 256E-01  Ingestion: 1.296-05
SFO (mg/kg-day)-1: LS0E+00 | Dermal: S.06E-03  Dermal: 3.03E-02  Dermal: 1.82E-06
IUR (pg/m3)-1: 4.30E-03 | |nhalation: 4.70E-04 Inhalation: 4.70E-04 Inhalation: 1,13E-08
Mutagen: Total: 2.95E-02 Total: 2.87E-01 Total: 1.48€-05
voc:
% Contribution to Media Hezard/Risk 1.11% 6.77% 291%
Exceeds Risk! mg/kg Non-Cancer Adult Non-Cancer Child Cancer
R d i N/A N/A 6.77E-01
Analyte: Benzene
CAS: 71-43-2
Concentration mg/kg: 1.00E+01 Calculated Hazard Index/Risk
RfDo (mg/kg-day): 4.008-03 Non-Cancer Adult Mon-Cancer Child Cancer
RFCi (mg/m3): 3.00E-02 | Ingestion: 3.00E-03  Ingestion: 320E-02  Ingestion: 7.91E-07
SFO (mg/kg-day)-1: 5.50E-02 | Dermal: Dermal: Dermal:
IUR (pg/m3}-1: 7.80E-06 | |nhalation: 9.04E-02 Inhalation: 5.04€-02 Inhalation: 7.86E-06
Mutagen: Total: 9.34E-02 Total: 1.226-01 Total: B.65E-06
VOC: Y
% Contribution to Media Hazard/Risk 3.52% 2.89% 1.70%
Exceeds Risk! mg/kg Non-Cancer Adult Non-Cancer Child Cancer
a o 4 NfA N/A 1.16E+00
Analyte: Benzo[a]pyrene
CAS: 50-32-8
Concentration mg/kg : 1.00E+01 Calculated Hazard Index/Risk
RfDo (mg/kg-day): 3.00€-04 Non-Cancer Adult Non-Cancer Child Cancer
RFCi (mg/m3): 2.00E-06 | Ingestion: 4.00E-02  Ingestion: 426E-01  Ingestion: 6.53E-05
SFO (mg/kg-day)-1: 1.00E+00 | permal: 2.19E-02  Dermal: 131E01  Dermal: 2.18E-05
IUR (pg/m3)-1: 6.00E-04 | |nhalation: 353603  Inhalation: 353603  Inhalation: 4.35E-09
Mutagen: Y Total: 6.54E-02 Total: 5.61E-01 Total: B.71E-05
VOC:
% Contribution to Media Hazard)/Risk 2.47% 13.26% 17.15%
Monday, March 12, 2018 Page 2 of 24
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The detailed report section header shows site-specific information from the title page and risk- based
performance criteria. VURAM computes a hazard/risk value for each entered COPC at the entered
concentration provided all parameters for computation are available. The analyte summary table
includes the entered concentration and analyte toxicity information. Hazard/risk values are broken
down by exposure pathway and hazard calculations are reported by receptor. A percent contribution
to medium hazard/risk is computed for each analyte total. For residential and industrial study areas, a
calculated recommended acceptable concentration is provided in the same that indicates if the COPC
hazard/risk value exceeds the risk-based performance criteria.

IMPORTANT! If using the recommended acceptable concentration to set clean up goals select the
lowest value to meet risk-based performance criteria for the COPC in the applicable medium. Values
may be considered a final clean-up goal for human health. Values are based on the available site-
specific data.



Site Name: QRA

Default Hazard Index

Program: RCRA Corrective Action

Default Risk for Indidvidual Chemical

Residential

Risk Based Performance Criteria
Default Cumulative Risk (All Chemicals)

1 1.00E-06 1.00E-04
Groundwater
Total Calculated Hazard/Risk For Media: Groundwater
Non-Cancer Adult Non-Cancer Child Cancer
Ingestion:  8.34E+00 Ingestion:  1.39E+01 Ingestion:  5.18E-03
Dermal: 1.54E+02 Dermal: 2.32E+02 Dermal: 1.14€-02
Inhalation: 1.64E+02 Inhalation: 1.64E+02 Inhalation: 6.38E-04
Total: 3.26E+02 Total: 4.10E+02 Total: 1.72E-02

Each environmental media is sumerized for calculated hazard/risk totals for each exposure pathway
and overall total for the medium. Totals are calculated by summing the exposure pathway values for
each noncancer receptor (adult/child) and cancer (lifetime) column respectively.

Site Name: DEMO Residential

Program: RCRA Corrective Action

Risk Based Performance Criteria
Default Hazard Index Default Risk for Indidvidual Chemical Default Cumulative Risk (All Chemicals)
1 1.00E-06 1.00E-04
Food
Analyte: Arsenic, Inorganic
CAS: 7440-38-2
Concentration mg/kg - Calculated Hazard Index/Risk
RfDo (mg/kg-day): 3.00£-04 Non-Cancer Adult Non-Cancer Child Cancer
RECi (mg/m3): 1.50€-05 | ingestion: 2.42E+02  Ingestion: 2.42E+02  Ingestion 4.05E-02
SFO {mg/kg-day)-1: 1.50E400 | Dermal: Dermal: Dermal:
IUR (pg/m3)-1: 4.30E-03 | Inhalation: Inhalation: Inhalation:
Mutagen: Total: 2.42e+02 Total: 2.42E+02 Total: 4.05E-02
VOC:
% Contribution to Medio Hazard/Risk 25.48% 25.48% 10.85%
ceeds Hazard! Exceeds Risk! mg/kg Non-Cancer Aduft Non-Cancer Child Cancer
Re. d Ci i See Detoiled Food Report  See Detailed Food Report See Detoiled Food Report

Some differences in the report exist for the food medium. A separate Detailed Food Report is included
when food is evaluated. Analyte concentration is NOT included in the COPC summary table, as
different food groups (meat and dairy, eggs, fish and shellfish, and fruits and vegetables) may have
different concentrations. See the Detailed Food Report section for concentrations in each selected
food group. Toxicity information is still included. Hazard/risk levels values reflect the sum all selected
food groups. The detailed residential food report section is only available if the food medium is
calculated; otherwise a note stating this page intentionally left blank is displayed.
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Site Name: DEMO Residential
Program: RCRA Corrective Action
Risk Based Performance Criteria
Default Hazard Index Default Risk for Indidvidual Chemical Default Cumulative Risk (All Chemicals)
1 1.00E-06 1.00E-04

Detailed Residential Food Report

Analyte: Arsenic, Inorganic

CAS: 7440-38-2
Concentrations  (mgfkg) Calculated Hazard/Risk Values
Meat/Dairy: 10 Non-Cancer Cancer
Eggs: 10 Meat/Dairy: 1.12E+02 Meat/Dairy: 1.87E-02
Fish/Shellfish: 10 Eges: 5.99E+01 Eggs: 1.00€-02
Fruits/Vegetables: 10 Fish/Shelifish: 2.16E+01  Fish/Shelifish: 3.61E-03
Fruits/Vegetables: 4.87E+01  Fruits/Vegetables: 8.15€-03
Total: 2,42E+02 Total: 4.05E-02
% Contribution to Media Risk 25.48% 10.85%
lecommended Acceptable Concentrotions  Meat/Dairy Eggs Figh/Shellfish Fruits/Vegetable
Exceeds Hazard! Nen-Cancer 8.54E-02 1.67E-01 4.63E-01 2.05E-01
Exceeds Risk! Cancer 5.356-04 9.985-04 2.77€-03 1.23£-03
Analyte: Benzene
CAS: 71-43-2
Concentrations  (mgfke) Calculated Hazard/Risk Values
Meat/Dairy: 10 MNon-Cancer Cancer
Eges: 10 Meat/Dairy: 8.356+00 Meat/Dairy: 6.86E-04
Fish/Shelifish: 10 Eges: 4.45E+00 Eggs: 3.67E-04
Fruits/Vegetables: 10 Fish/Shelifish: 1.62E+00 Fish/Shellfish: 1.32E-04
Fruits/Vegetables: 3.66E+00 Fruits/Vegetables: 2.99E-04
Total: 1.82E+01 Total: 1.48E-03
% Contribution to Media Risk 191% 0.40%
et ded Acceptable Conc i Meat/Dairy Eggs Fish/Shellfish Fruits/Vegetables]
Exceeds Hazard!  Non-Cancer  1.13£+00 2.226+00 6.18E+00 2.74E+00
Exceeds Risk! Cancer 1.46E-02 272602 7.56€-02 3.35€-02

Analyte: Benzo[a]pyrene
CAS: 50-32-8

Concentrations  (mg/ke) Calculated Hazard/Risk Values
[Meat/Dairy: 10 Non-Cancer Cancer
Eggs: 10 Meat/Dairy: 1.12E+02 Meat/Dairy: 1.25E-02
Fish/Shelifish: 10 Eggs: 5.99E+01 Eggs: 6.68E-03
Fruits/Vegetables: 10 Fish/Shelifish: 2.16E+01 Fish/Shellfish: 2.40€-03
Fruits/Vegetables: 4.87E+01 Fruits/Vegetables: 5.43E-03
Total: 2.42E+02 Total: 2.70E-02
% Contribution to Media Risk 25.48% 7.23%
Monday, March 12, 2018 Page 19 of 24

The detailed residential food report section is very similar to the detailed report section with minor
differences to accommodate multiple food groups. Analyte concentrations for each selected food
group (meat and dairy, eggs, fish and shellfish, and fruits and vegetables) are displayed in the analyte
table. If a Food Group is not selected, concentration will be blank. The only exposure pathway
evaluated for food is ingestion. Calculated hazard/risk values for each selected food group are reported
and then totaled for the overall hazard/risk for each analyte. Noncancer values are irrespective of age.
However, noncancer values add to both adult and child receptor totals on the main report.
Recommended acceptable concentrations are computed for each evaluated food group.
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Total Hazard/Risk For Media: Detailed Food

Non-Cancer Cancer

Meat and Dairy: 4.39E+02 Meat and Dairy: 1.72e-01
Eggs: 2.35E+02 Eggs: 9.23E-02
Fish and Shellfish: 8.47E+01 Fish and Shellfish: 3.32e-02
Fruits and Vegetables: 1.91E+02 Fruits and Vegetables: 7.51E-02
Total: 9.50E+02 Total: 3.73E-01

Food media totals reflect the sum for all analytes and all selected food groups, and the value is
reported on the main report at the end of the detailed food report section and following the food

medium in the detailed report section.

2.6.4d Report Summary

Site Name: DEMO Residential
Program: RCRA Corrective Action
Risk Based Performance Criteria

Default Hazard Index Default Risk for Indidvidual Chemical Default Cumulative Risk (All Chemicals)
1 1.00E-06 1.00E-04
Total Hazard Index/Risk for All Media
Non-Cancer Adult Non-Cancer Child Cancer
Ingestion: 9.54E+02 Ingestion: 9. 58E+02 Ingestion: 3.76E-01
Dermal: 2.30E+01 Dermal: 3.48E+01 Dermal: 1.03E-02
Inhalation: 5.54E403 Inhalation: 5.54E+03 Inhalation: 8.66E-01
Total: 6.52E+03 Total: 6.53E+03 Total: 1.25E+00
Exceeds Harord Index! Exceeds Harord Index! Exceeds Cumulative Risk!

The report summary computes the sum of the hazard/risk values from all COPCs across all

environmental media. These totals are also displayed on the Title Page.
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Site Name: DEMO Residential
Program: RCRA Corrective Action

Risk B pert -
Default Hazard Index Default Risk for Indidvidual Chemical Default Cumulative Risk [All Chemicals)
: 1.00E-0% 1.00E-04

Residential Exposure Default Values

Symbol Description Value Units
|arres-a nasihent Soil Adherence Factor - sdult oOT)mg om]
|ariei-C [Readent 2ol Laherence FRCTOr - Chad o Imgoml)
AT R [Raiadedit Lvad BENE Tom 3832 LT I500 i)
|aTre-a [Redenit Lvif BENG Timd - Bl 363 & (D0 B0 ]
|aTres- hesident Averaging Time - child: 343 x EDnes< 290y darys)

[...]

RErEs-3 mesident Sod Ingestion Rate - sdult 100 myg,/dary)

RErEs-C mesident S0d Inperton Rate - child 200 mg,/day)

RATEsa Resident Drinking Groundw ster mgeston Rate - sduit 2 s 1iday)

B s Reident Drinking Grounde ster IMpEItion Rate - chid oT8Lday)
(Shres-2 Bgiacdent 104 Surface Ared - pdult B0 2N emd day)
(Fhrei-a [Baiadent Water Suthce Ared - iult B3 emI)
(Sarei-c Bartidens Lod Surface ared - chid 2373 em/ day)
hres-c Ertadenn Water Surfhce ared - chad eaieml)

END OF REPORT
Monday, March 12, 2018 Page 21 0of 21

The summary includes all exposure defaults for the selected study area for all environmental media
regardless of computation. These values are also available for view in VURAM on the Standard Defaults
Page. An end of report message is displayed after the exposure defaults list.

2.7 Media Concentration Pages
Media concentration pages are available under both RCRA and VRP programs in the screening levels
module and for all programs in quantitative risk assessment module. These pages offer multiple
methods of navigating through the selected analytes for data entry of concentration values, but do not
allow edits to the analyte names or CAS numbers. Air and surface water pages differ between the
screening vs. quantitative risk assessment modules. The food medium is not available in VURAM’s
screening levels module.

IMPORTANT! Analyte concentrations must be entered in the UNITS OF MEASUREMENT specified for
each medium! Conversion of units may be required before data entry.
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IMPORTANT! For screening, use the maximum concentration for each medium as the exposure
concentration for a given pathway, to place an upper bound on exposure (RAGS Part A). For non-
detects, use % of the method detection limit. In cases where the method detection limit exceeds
screening values, contact a DEQ project manager or risk assessor.

IMPORTANT! For quantitative risk assessment, the EPC for a given medium is either the maximum
detected concentration or the 95% upper confidence limit of the mean.

Each page contains an anayte and CAS display and a text box for entering concentration data. First,
Back, Forward, and Last buttons are included for navigation between analytes. A table of all medium-
specific analytes is displayed below the data entry section. This chemical list is reflective of the
selection of medium-specific COPCs from the previous page. The table may be used to select an analyte
for data entry.

Enter sampled or modeled concentrations as appropriate into the concentration entry text. All
concentrations must be positive and greater than zero. Scientific notation (e.g., 1.23E-5) or decimal
notation (e.g.,0.000123) is permitted for data entry. After a concentration is entered, either the tab or
enter key will proceed to the next analyte.

After entering concentrations for an environmental medium, click the Finish and Save button to return
to the screening or calculation page and proceed with calculations. Then continue to next
environmental medium or the report. Finish and Save will not work if concentration entry is
incomplete. To close the environmental medium concentration page and return to the list of analytes,
use the red X navigation in the upper right hand corner of the page. Entered concentrations will remain
in VURAM’s memory unless the analyte is removed from the medium-specific list. If an analyte has no
data, close the concentrations page and remove it from the medium list on the previous page.

NOTE: The last value entered in the concentrations list does not display in the table until a different
analyte has been selected. After entering the last concentration in the list, click Finish and Save to
continue.

ALERT! Concentrations must be saved via the Finish and Save button to proceed with screening or
calculations.
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https://www.epa.gov/risk/risk-assessment-guidance-superfund-rags-part

2.7.1 Soil Concentrations

CAS NO: |7440-38-2

Analyte: |Arsenic, Inorganic

! << First ][ < Previous }[ Next > J[ Last >>

Enter chemical concentration HERE:
Concentration (mg/ kg)l

‘ Finish and Save ‘

ENTER CONCENTRATIONS ABOVE

To add or remove chemicals, close this form and use the lists on the previous page.
Table below is locked for editing.

CASNO Analyte Concentration (mg/kg)
7440-38-2 Arsenic, Inorganic
71-43-2 Benzene
143-50-0 Chlordecone (Kepone)
127-18-4 Tetrachloroethylene
79-01-6 Trichloroethylene
75-01-4 Vinyl Chloride
B
Analyte 4 1of6 [ & No Filter [ "search

The concentration page for soil is the same for screening and quantitative risk assessment. Enter a
concentration for each analyte in the concentration entry field. Click Finish and Save to continue. Soil
concentration units are mg/kg.
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2.7.2 Groundwater Concentrations

CASNO: |7440-38-2

[Analyte: |Arsenic, Inorganic

<< First " < Previous " Next > " Last >> l

Enter chemical concentration HERE: |

Conecentration (ug/L): |

‘ Finish and Save ‘

ENTER CONCENTRATIONS ABOVE

To add or remove chemicals, close this form and use the lists on the previous page.
Table below is locked for editing.

CAS NO Analyte Concentration (pg/L)
7440-38-2 Arsenic, Inorganic
71-43-2 Benzene
143-50-0 Chlordecone (Kepone)
127-18-4 Tetrachloroethylene
79-01-6 Trichloroethylene
i 75-01-4 Vinyl Chloride
[ e—
ji| Analyte 4 1ofé M s Mo Filter | Search

The concentration page for groundwater is the same for screening and quantitative risk assessment.
Enter a concentration for each analyte in the concentration entry field. Click Finish and Save to
continue. Groundwater concentration units are pg/L.
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2.7.3 Air Concentrations

E

CAS NO:[67-631

Analyte: |Acetone

<< First < Previous Next > Last >>

Enter data for indoor air concentrations.
Inputs may be sampled indoor air or modeled concentrations from an approved model.
For the construction worker enter soil gas concentrations.

Enter chemical concentration HERE:

Concentration (ug/m3):

Finish and Save

ENTER CONCENTRATIONS ABOVE

To add or remove chemicals, close this form and use the lists on the previous page.
Table below is locked for editing.

CAS NO Analyte Concentration (ug/m3)
67-64-1 Acetone
71-43-2 Benzene
12789-03-6 Chlordane (technical mixture)
124-48-1 Dibromochloromethane

The air concentrations page differs between the screening levels and the quantitative risk assessment
modules. The screening levels module allows entry of concentrations from samples associated with
different segments of the air/vapor intrusion exposure pathways, i.e., air, soil gas (or subslab gas)
potentially migrating to indoor air, and soil gas potentially migrating to trench air. These options must
be selected on the prior (screening) page, and only the selected options will appear available on the
concentrations page. Enter all applicable concentrations for each analyte in the concentration entry
field. (At least one concentration must be entered for each analyte). Click Finish and Save to contiue.

Air concentration units are pg/m3.
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|CAS NO: [7490-38-2

Analyte: |Arsenic, Inorganic

<< First " < Previous " Next > " Last >>

Enter chemical concentration HERE:

Concentration (ug/m3) :|

‘ Finish and Save ‘

ENTER CONCENTRATIONS ABOVE

To add or remove chemicals, close this form and use the lists on the previous page.
Table below is locked for editing.

CAS NO Analyte Concentration (pg/m3)
7440-38-2 Arsenic, Inorganic
71-43-2 Benzene
127-18-4 Tetrachloroethylene
§| | 79-01-6 Trichloroethylene
75-01-4 Vinyl Chloride
L
i Analyte 4 1of5 P oM I & No Filter | search

For quantitative risk assessment, air hazard/risk values are computed using indoor air equations for
residential and industrial study areas. To convert groundwater or soil gas concentrations to estimated
indoor air concentrations, refer to EPA's VISL calculator.

IMPORTANT! Use the concentration which shows the maximum exceedance of screening levels.

Enter concentrations for each analyte in the concentration entry field. Click Finish and Save to
continue. Air concentration units are pg/m?3.

NOTE: The construction study area is calculated using the DEQ Construction Worker Trench Model for
soil gas.
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CASNO: |7q440-38-2

Analyte: |Arsenie, Inorganic

| Enter concentration for individual chemical HERE: |
Fresh Water (pg/L):

Marine Water (ug/L):

*Methylmercury screening is based on fish tissue concertation in mg/kg — NOT ug/L |

<< First “ < Previous ” Next > “ Last >>

l Finish and Save ‘

ENTER CONCENTERATIONS ABOVE
Table below is locked for editing. To add or remove chemicals, close this form and use

the lists on the previous page.
Each chemical must have at least one concentration entered. If there is no sample
data leave the concentration box empty.
CAS NO Analyte Fresh Water (pg/L) Marine Water (pg/L)

7440-38-2 Arsenic, Inorganic

71-43-2 Benzene

143-50-0 Chlordecone (Kepone)

| 22967-92-6 Methyl Mercury

127-18-4 Tetrachloroethylene
| 79-01-6 Trichloroethylene

75-01-4 Vinyl Chloride

Analyte 4 1of7 (] { Mo Filter | Search

Surface water concentrations page differs between screening and quantitative risk assessment
modules. For screening fresh and/or marine water based on the CSM, at least one concentration must
be entered for each analyte. Enter applicable concentrations for each analyte in the concentration
entry field. Click Finish and Save to continue. Surface water concentration units (ug/L).

IMPORTANT! If methylmercury, CAS 22967-92-6, is selected in surface water screening, enter
concentrations for methylmercury in mg/kg based on fish tissue criterion.

VURAM User Guide| Virginia DEQ | 1111 E. Main St., Suite 1400 Richmond, VA 23219

61



:|7440-38-2

: |Arsenic, Inorganic

l << First " < Previous l Next > " Last >>

Enter chemical concentration HERE:
Concentration (pg/L): |

T ‘

ENTER CONCENTRATIONS ABOVE

To add or remove chemicals, close this form and use list on previous page.
Table below is locked for editing.

CAS NO Concentration (pg/L)
| 7440-38-2 Arsenic, Inorganic
71-43-2 Benzene
1127-18-4 Tetrachloroethylene
79-01-6 Trichloroethylene
75-01-4 Vinyl Chloride

10f5 » [ % No Filter Search

Quantitative evaluation of surface water is calculated on EPA RSL recreator equations and is not
dependent on fresh/marine water. Enter concentrations for each analyte in the concentration entry
field. Click Finish and Save to continue. Surface water concentration units are pg/L.
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2.7.5 Sediment

CAS NO: |7440-38-2

Analyte: |Arsenic, Inorganic

[ << First ][<£revious ]l Next > “ Last >> ]

Enter concentration for'indi'vi_dua-.l- chemical HERE:
Concentration (mg/kg): [

‘ Finish and Save ‘

ENTER CONCENTRATIONS ABOVE

To add or remove chemicals close this form and use list on previous page.
Table below is locked for editing.

CAS NO Analyte Concentration (mg/kg)
7440-38-2 Arsenic, Inorganic
71-43-2 Benzene
143-50-0 Chlordecone (Kepone)
127-18-4 Tetrachloroethylene
79-01-6 Trichloroethylene
75-01-4 Vinyl Chloride
=
Analyte W 1of6 [ < No Filter [ Search

The concentration page for sediment is the same for screening and quantitative risk assessment. Enter
concentrations for each analyte in the concentration entry field. Click Finish and Save to continue.
Sediment concentration units are mg/kg.

Sediment screening is only applicable under VRP and is not available under RCRA Corrective Action.
However, hazard/risk values for sediment can be evaluated quantitatively under RCRA for applicable
study areas.
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2.7.

CASNO: |=440-38-2

Iyte: Arsenic, Inorganic

[— First ||~:£revious Next > " Last >> E

Enter chemical concentration HERE:

Meat and Dairy Concentration (mg/kg)
Eggs Concentration (mg/kg):
Fish and Shellfish Concentration (mg/kg):

-uits and Vegetables Concentration (mg/kg

Finish and Save

ENTER CONCENTRATIONS ABOVE

To add or remove chemicals, close this form and use the lists on the previous page.
Table below is locked for editing.

4 »

Analyte Meat and Dairy Concentration (mg/kg) = Eggs Concentration (mg/kg)
Arsenic, Inorganic
Benzene
Cadmium (Diet)

Analyte W 1of3 P M 4§ Mo Filter | Search 4 »

The food medium is not available in the screening levels module. Enter concentrations for each analyte
in the concentration entry field. All selected food groups are available for entry of concentrations. All
analytes must have concentrations for all selected food groups to proceed. Food concentration units
are mg/kg. Click Finish and Save to continue.

2.8 Site-Specific Background Comparison Module
Background sampling is conducted to distinguish site-related contamination from naturally occurring or
other non-site-related levels of chemicals. Background comparison is not risk assessment. However, for
inorganic constituents (mostly metals), Virginia DEQ highly recommends collecting site- or unit-specific
natural background data. The background comparison module for inorganics is included in VURAM to
conduct background concentration comparisons. This module can be used as Tier | under the VRP and
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Brownfields programs. The CERCLA and Federal Facilities Programs may have a different approach than
presented here. Hence, Virginia DEQ strongly recommends contacting the project manager and risk
assessor to finalize the appropriate use of site-specific background screening. Refer to Risk Assessment
Guidance for Superfund (RAGS Part A) and Guidance for Comparing Background and Chemical
Concentrations in Soil for CERCLA Sites for details on obtaining site-specific background concentrations.

This evaluation includes only inorganic constituents that are naturally occurring. Site-specific
background provides the best data to estimate if a release from the site activities has occurred. The
use of literature-based background values to eliminate COPCs from further discussions and evaluations
is not appropriate. If COPCs are below site-specific background AND the evaluation meets Virginia
DEQ’s approval, then these COPCs may be removed from further screening.

IMPORTANT! Site-specific background concentrations MUST be accepted by DEQ prior to submission.

IMPORTANT! Virginia DEQ considers background data only for naturally occurring inorganics and not
for organic and anthropogenic chemicals.

Collect background samples from nearby areas that have not been affected by the site-related
activities or releases. An upgradient location may not be an appropriate background location due to
potential unknown upgradient sources. Therefore, selection of background location may require some
time and effort. This module provides list of all the COPCs to be included. If the site-specific
background comparison is based on site-specific historical information, discuss a shorter list of COPCs
for consideration with DEQ project manager and risk assessor. DO NOT exclude inorganics from
screening or assume that they are part of background concentrations based only on literature review.
Enter all analyzed inorganics, site-specific background concentrations, and medium-specific
concentrations to conduct a comparison. If the medium-specific concentrations are greater than site-
specific background concentrations, then those analytes are COPCs to be included in quantitative risk
assessment.

Maximum COPC concentrations from the site for all media of concern are compared to 95% UTL (upper
tolerance limit) of site-specific background concentrations. Conducting background sampling,
evaluating, and approving background values is outside the scope of this VURAM User Guide. Contact
project manager for detailed discussions prior to collecting background samples and using VURAM'’s
Site-Specific Background Comparison Module.

IMPORTANT! Include the report from this module along with the Screening Report if an inorganic
constituent is eliminated from quantitative risk assessment based on site-specific background
comparison.
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2.8.1 Site-Specific Background Comparison Page

SITE-SPECIFIC BACKGROUND COMPARISON

Site Name:

sOiL iGROUNDWnTER SURFACE WATER | SEDIMENT |

Soil Site-Specific Background (mg/kg) 3
I CAS Backgrounq_ Soil -
[ i Concentration Concentration
Aluminum 7429-90-5

'Antimony | 7440-36-0 |
Arsenic | 7a40-38-2
Barium 7440-39-3
Beryllium | 7440-41-7
\cadmium | 7440-43-9 |
Calcium | 7440702 |
\Chromium 11l | 16065-83-1 |
‘chromium VI | 18540-29-9
Cobalt | 7440-48-a
'Copper | 7440-50-8 |
(Cyanide | 57125
Iron | 7439-89-6 |
Lead | 7a38-921 |
Magnesium | 7439-95-4
Manganese (non-diet) | 7439-96-5
Mercury (elemental) | 7439-97-6
Mercury Salts | 7487947 |
Nickel | 7440-02-0 |

Quit Potassium | 7440-08-7 | Calculate Soil
Selenium 7782-49-2
l | Silver 7440-22-4

| =
FAAN 3 L l

Calculate Background
Results

The site-specific background comparison page provides the table of inorganics (mostly metals) to be
evaluated for site-specific background comparison. Enter both the background concentration at 95%
UTL and the maximum sampled environmental medium concentration for all analytes in each sampled
environmental media to be included in the background comparison.

IMPORTANT! Maximum COPC concentrations from the site for all media of concern are compared to
95% UTL (upper tolerance limit) of site-specific background concentrations.

IMPORTANT! Analyte concentration UNITS must be entered in the UNITS OF MEASUREMENT specified
for each medium! Conversion of units may be required before data entry.

After entering concentrations for the selected medium, click the Calculate Medium button to compare
the background for that medium. A green check mark and label will appear across the bottom of the
screening page to indicate the completed medium. Any changes to concentrations will cause the
medium label and check mark to disappear, indicating that the medium has not been reevaluated with
the changes. Once concentrations are entered for a given medium, the screening comparison for that
medium must be completed to proceed with the report. A red X icon will be displayed next to areas
which have not been completed. Continue to next environmental medium or click the Calculate
Background Results button if ready to proceed to the results report. To quit VURAM and return to the
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Background Page, click Quit. To return to the Introduction page to conduct screening or quantitative
risk assessment, click Go Back.

2.8.2 Site-Specific Background Comparison Report

Virginia Department of Environmental Quality

VURAM

Virginia Unified Risk Assessment Model
VERSION: 2.0

Site-Specific Background Comparison Report

Save to PDF
and Close

Print and Close!

Close ‘

Site Name: DEMO

All Report Pages are Required for Submission

Soil
me/kg
Background Media
Analyte Cas Concentration | Concentration | COPC
Beryllium 7440-41-7 1 2 Y
Cadmium 7440-43-9 2 1
Calcium 7440-70-2 5
IChromium 11l 16065-83-1 5
Groundwater
ne/L
Background Media
Analyte CAs Concentration | Concentration | €OPC
Cobalt 7440-48-4 3 5 ¥
Copper 7440-50-8 B 2
Cyanide 57-12-5 1
iron 7439-89-6 1

Wednesday, March 14, 2018 Pagelofl

The Report View in MS Access allows for printing and saving functions to appear as buttons on the
report. The report will display as a single contiguous page. Print layouts are setup in the report and
page headers and footers will be repeated automatically.

The report results are grouped by environmental media. Each medium’s analyte concentration is
compared to the entered background concentration. The COPC column displays a “Y” if the analyte
concentration exceeds background and is left blank if the analyte concentration does not exceed
background. Only analytes with entered data reported will be evaluated. For a valid report, all
evaluated analytes must have appropriate background and sampled concentrations entered.

Changes to the concentrations can be made as needed by closing the report and returning to the Site-
Specific Background Comparisons Page.

ALERT! Save or Print the report before exiting the Site-Specific Background Comparisons Page! Reports
are NOT saved in VURAM.

IMPORTANT! Do not exclude inorganics from screening prior to conducting a background comparison.
Include the Site-Specific Background Comparison Report for chemicals eliminated from quantitative
risk assessment based on background levels.
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2.9 FAQ - Troubleshooting Common Errors
Included are common problems encountered when running VURAM. If problem persists, notify Virginia

DEQ VURAM staff.

ALERT! For stable performance, always run VURAM from a local drive. Network or shared drive
locations can impair database performance or cause the program calculations to fail.

2.9.1 Security warning VURAM does not auto-start:
If the database is not trusted by MS Access (or in a trusted location) then a security warning is
displayed. The image below is MS Access 2010, other versions of MS Access may have a different

version of this message.

Cut = GoTo e

b Cu L7 Selection 1 ?Spelling i i | e

=3 Copy . i Select -

< B I U A b ] =
Clipboard | Sart & Filter | Records | Find Text meattmg

g} Security Warning  Some active content has been disabled. Click for more details. Enable Content

5| Macros

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.

To run VURAM, click Enable Content. To prevent this message on subsequent runs of VURAM, follow
the MS Access instructions for adding the database to a trusted location, or make it a trusted

document.

2.9.2 Error message when attempting to proceed:
Several data entry validation checks are made between pages to ensure that all processes required for

computation are complete. Check all tabs on the page for red X icons and ensure all selections have
been made and all fields have data entered.
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2.9.3 Pages do not fit the monitor:
MS Access does not automatically accommodate screen resolution. Individual monitors may change
the appearance of the pages of VURAM. All pages, except the VURAM Background Page, can be moved,
sized, and scrolled. The page size can be adjusted using standard mouse navigation to move and size
each page excluding the VURAM Background Page.

2.9.4 VURAM is running very slow:
Ensure that VURAM is saved to and running from a local drive before using. The VURAM database is
not designed to be run over a network. Slow performance is expected when VURAM is operating from
a network location. Opening multiple instances of VURAM from a network location can cause model
failure or file corruption. If multiple module runs of VURAM have been conducted without closing
VURAM, then database performance may slow. Close VURAM and re-open to clear working memory. If
file corruption is suspected, delete the file and download a new copy from the Virginia DEQ Risk
Assessment webpage.

ALERT! Force-quitting MS Access while VURAM is open can cause database corruption. Wait for MS
Access to completely close before attempting any actions, including re-opening, copying, moving or
deleting the VURAM file.

2.9.5 Not all selected analytes included in risk assessment:
MS Access limits the total number of characters that can be added to the COPCs List for screening and
the COPCs List for quantitative risk assessment. For risk assessments which exceed the limit (usually
greater than 200 analytes), multiple runs of VURAM may be necessary to analyze all chemicals included
in the CSM. Include all reports in the risk assessment submission and note that each report is a partial
analyte list for the site.

2.9.6 Report display blank or will not scroll
Sometimes the reports will fail to display when first opened. Try clicking or scrolling to load the report
content. If the report still does not display as expected, close the report via the Windows Navigation
Controls (red X in the upper right hand corner of the report) and recalculate the report. No data will be
lost, as long as the report-calling page is not closed.

2.9.7 VURAM seems to be broken:
Unexpected behavior or system error messages can occur in and with MS Access. Most commonly
database corruption is due to the interruption of the MS Access shut down process. If corruption of the
VURAM file is suspected, delete the file and download a new copy from the Virginia DEQ Risk
Assessment webpage. If the problem persists, notify Virginia DEQ VURAM staff.

2.9.8 VURAM will not run on Mac:
The VURAM database application is not compatible with MS Office for Mac.

3.0 Modeling Approach

Risk assessment is to the highest extent possible, a scientific process. See EPA’s About Risk Assessment
webpage for a basic overview of risk assessment. 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. Risk assessment provides information on potential health or
ecological risks, while risk management is the actions taken based on consideration of risk assessment
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and other information, which includes, but is not limited to, other scientific information, economic
factors, social factors, laws, and regulations. Risk assessment in VURAM follows a logical flow approach
to screening and quantitative risk assessment calculations based on site-specific chemical lists, study
area characteristics, and human exposure-related criteria to establish risk-based cleanup standards for
contaminated soil, groundwater, air, surface water, sediment, and food. Calculated outputs from
VURAM iform risk and project management decision making process under different regulatory
mechanisms. Virginia DEQ programs have different requirements and risk management options, yet
risk assessment models for each of these programs rely on similar input parameters and calculation
algorithms.

3.1 Virginia DEQ Programs
Virginia DEQ’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. Virginia DEQ’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. Virginia
DEQ also has statutory authority to administer the VRP and 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.

All of the following regulatory programs, at various stages of operation (i.e., closure, post closure care,
remedial decision making and/or corrective action activities), may need to perform a human health risk
assessment in order to demonstrate that risks posed by contaminants attributed to a facility are within
acceptable limits, thereby protecting public health, the environment, and the natural resources of the
Commonwealth.

Cleanup standards are implemented as remedial action goals 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. 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.

3.1.1 RCRA Hazardous Waste 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 Virginia DEQ’s Risk-Based Closure Guidance, was conducted using
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"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
DEQ” (Virginia DEQ, 1994). While the overall approach and assumptions provided in DEQ’s Risk-Based
Closure Guidance and Risk Exposure and Analysis Modeling System (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 conduct risk assessment to assess baseline risk, establish cleanup
levels, evaluate the effectiveness of remedial measures, and decide the end of cleanup activities. The
Risk Assessment Guidance for RCRA Corrective Action can be found on the Virginia DEQ website.
VURAM will be used for conducting risk characterization at these facilities.

3.1.2 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 DEQ performs necessary activities
mandated by the Superfund law. DEQ 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 in the 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/Virginia DEQ project manager.

3.1.3 Federal Facilities under CERCLA
Federal Facilities that are significantly contaminated may be listed on the National Priorities List (NPL).
CERCLA Section 120 requires federal agencies with NPL sites to investigate and clean up the
contamination. DEQ is authorized to conduct regulatory oversight of environmental investigation,
remediation, and restoration projects at federal facilities in Virginia. For this program, consult RAGS
Part A. VURAM reflects calculation assumptions and algorithms 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 Virginia DEQ/EPA
project manager.
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3.1.4 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. Virginia DEQ 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 the Solid Waste Program can be found at Virginia DEQ’s

Risk Assessment for Solid Waste webpage. VURAM will be used for conducting risk characterization at
these facilities.

3.1.5 Brownfields and VRP
The Code of Virginia §10.1-1231, “Brownfield restoration and Land 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 assumptions
and considerations of this program, such as the use of institutional controls to remove receptors from
further consideration in the risk assessment, do not apply to other regulatory programs. For guidance
on how presumptive remedies can influence risk assessment, refer the VRP Risk Assessment Guidance.

VURAM replaces and supersedes several of the interactive MS Excel-based risk assessment tables
previously provided on DEQ’s VRP website. The VRP Risk Assessment Guidance can be found at Virginia
DEQ website. VURAM will be used for conducting risk characterization at these facilities.

3.2 Risk Assessment Process
Virginia DEQ follows the 4-step risk paradigm outlined in RAGS Part A 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.
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BASELINE RISK ASSESSMENT

Data Collection and Evaluation

® Gather and analvyze relevant

site data
o Identify potential chemicals
of concern
Exposure Assessment Toxicity Assessment
® Analyze contaminant releases # Collect qualitative and
o [dentify exposed populations quantitative toxicity
o [dentify potential exposure information ’
paﬂl:m'aj_.'s ® Determine appropriate
e Estimate exposure toxicity values
concentrations for pathways .
e Estimate contaminant intakes
for pathways
Risk Characterization

® Characterization potential for
adverse health effects to
occur

> — Estimate cancer risks ‘
— Estimate non-cancer
hazard quotients
¢ Evaluate uncertainty
® Summanze risk information

Data collection and evaluation are performed to acquire the 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 are based on the regulatory program’s needs, which dictate data quality
objectives and data quality assurance plans. Once objectives are decided, media sampling is conducted
to develop an understanding of the nature and extent of chemical contamination in the environment
and to predict how the contaminants may behave in the future. Data collection and evaluation rely
heavily on the CSM to identify which environmental media should be sampled and at which locations.

An exposure pathway describes how a receptor may come into contact with a chemical source via an
exposure route—ingestion, inhalation, and/or dermal. Site data provide an estimate of medium-
specific EPCs for receptors identified in the CSM. Chemical intake (also known as the dose) is 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.
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The toxicity assessment integrates data from published animal and human studies to identify adverse
health effects, which may be caused by exposure to the COPCs, and the dose at which harmful health
effects may occur. Harmful effects are broadly categorized as either carcinogenic or noncarcinogenic.

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.

3.3 Modeling Parameters and Data Sources

The primary source for all VURAM chemical parameters, toxicity values, and exposure default values is
EPA RSL. RSL screening values are computed using toxicity values and standard exposure scenarios to
determine chemical concentrations corresponding to a fixed level of risk. These values are considered
to be protective for humans, including sensitive groups, over a lifetime. However, they do not combine
risk across various media and/or contaminants, are not always applicable to a particular site, and do
not address non-human health endpoints, such as ecological impacts. Additional chemical parameter
values may be obtained through the source documentation based on the toxicity hierarchy.

The RSL table is updated semiannually as new toxicological data are published. Risk assessments are
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. VURAM relies on the EPA RSL table to update toxicity and chemical
properties. EPA RSL User’s Guide (EPA, 2017c) provides primary sources of chronic and subchronic
toxicity values as follows 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

The RSL table is a risk-based screening for CERCLA/Superfund, RCRA Corrective Action, and Federal
Facility sites. While RSL refers to the Superfund program, Virginia DEQ follows the same risk
assessment approach for RCRA and VRP programs. Therefore, RSL remains applicable to regulatory
programs covered in VURAM. For exposure default cases where EPA RSL recommends site-specific
values, Virginia DEQ values are selected and noted. For recreator and trespasser physical
considerations (e.g., body weight and surface area), EPA RSL residential values are selected for
consistency. The Industrial/Commercial scenario uses the composite worker defaults. A full list of
exposure defaults used in VURAM is located in appendix A1.0.
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For the construction worker study area, subchronic toxicity values are obtained via the EPA RSL
calculator. These values are not published with the RSL tables or in the RSL User's Guide (EPA, 2017c),
but can be obtained through downloading the metadata provided via the RSL calculator. Construction
groundwater and soil gas (air) media for the construction worker scenario in both screening and
guantitative risk assessment are computed using the Virginia DEQ Construction Worker Trench Model

located in appendix A2.0.

The Chemical Abstracts Service issues a unique numerical identifier to every chemical substance
described in the open scientific literature. Chemical names in VURAM generally match the EPA RSL
table’s analyte list. However, a number of synonyms can identify a single chemical, and variation in
chemical naming may occur. In VURAM the CAS number is the primary analyte identification. In
general, EPA RSL also uses CASRN to identify chemicals. However, RSL tables may use an EPA
identification number for some analytes without a provided CAS. For chemicals included in VURAM
that have no CAS or EPA ID number, or that have a duplicate CAS with distinct chemical properties, an

unofficial value is assigned to the CAS Number in order to facilitate database function. These values are

contrived by DEQ to be indicative of the compound or substance they are associated with, but are not
reflective of the CAS or EPA assigned number. A table of these chemicals with EPA ID or DEQ assigned
values for CAS is included in appendix A3.8.

VURAM User Guide| Virginia DEQ | 1111 E. Main St., Suite 1400 Richmond, VA 23219

75



4.0 Bibliography
Agency for Toxic Substances & Disease Registry. 2016. Toxic Substances Portal Minimal Risk Levels
(MRLs). [Online] March 8, 2016. http://www.atsdr.cdc.gov/mrls/index.asp.

CalEPA. 2009. Technical Support Document for Cancer Potency Factors 2009. [Online] Office of
Environmental Health Hazard Assessment (OEHHA), June 1, 2009.
http://oehha.ca.gov/air/crnr/technical-support-document-cancer-potency-factors-2009.

—. 2016. CALEPA. [Online] 08 2016. www.calepa.ca.gov.

—. 2016. Consolidated Table of OEHHA/ARB Approved Risk Assessment Health Values. [Online] Air
Resources Board, March 30, 2016. http://www.arb.ca.gov/toxics/healthval/healthval.htm.

—. 2016. OEHHA Acute, 8-hour and Chronic Reference Exposure Level (REL) Summary. All OEHHA Acute,
8-hour and Chronic Reference Exposure Levels (chRELs) as of June 2014. [Online] Office of Environmental
Health Hazard Assessment (OEHHA), June 28, 2016. http://oehha.ca.gov/air/general-info/oehha-acute-
8-hour-and-chronic-reference-exposure-level-rel-summary.

EPA, U.S. 1992. Introduction to the Hazard Ranking System. 1992.

Interstate Technology Regulator Council. 2007. Vapor Intrusion Pathway: A Practical Guideline.
Washington, DC : Vapor Intrusion Team, 2007.

The Interstate Technology & Regulatory Council Risk Assessment Team. 2015. Decision Making at
Contaminated Sites: Issues and Options in Human Health Risk Assessment. Washington, DC : s.n., 2015.
RISK-3.

U.S. EPA. 1991. Chemical Concentration Data Near the Detection Limit. Philadelphia, PA : Region IlI
Office of Superfund Hazardous Waste Management, 1991. EPA/903/8-91/001.

—. 1987. Data Quality Objectives for Remedial Response Activities Development Process. \Washington,
DC : Office of Emergency and Remedial Response and Office of Waste Programs Enforcement, 1987.
EPA/540/G-87/003.

—. 1997. Ecological Risk Assessment Guidance for Superfund: Process for Designing and Conducting
Ecological Risk Assessments - Interim Final. Washington, DC : Solid Waste and Emergency Response,
1997. PB97-963211.

—. 2015. Ecological Soil Screening Level (Eco-SSL) Guidance and Documents. [Online] September 30,
2015. https://www.epa.gov/risk/ecological-soil-screening-level-eco-ssl-guidance-and-documents.

—. 2011. Exposrue Factors Handbook 2011 Editions (Final). U.S. Environmental Protection Agency.
[Online] Washington, DC, 2011. https://cfpub.epa.gov/ncea/efp/recordisplay.cfm?deid=236252.
EPA/600/R-09/052F.

VURAM User Guide| Virginia DEQ | 1111 E. Main St., Suite 1400 Richmond, VA 23219

76



—. 2002. Guidance for Comparing Background and Chemical Concentrations in Soil for CERCLA Sites.
Washington DC : s.n., 2002. EPA 540-R-01-003 OSWER 9285.7-41.

—. 1992. Guidance for Data Useability in Risk Assessment (Part A) Final. Washington, DC : Office of
Emergency and Remdial Response, 1992. PB92-963356.

—. 1998. Guidelines for Ecological Risk Assessment. Washington, DC : Federal Register 63(93):26846-
26924, 1998. EPA/630/R-95/002F.

—. 2016. Integrated Risk Information System. [Online] July 18, 2016. https://www.epa.gov/iris.

—. 2015. Natioinal Recommended Water Qaulity Criteria-Human Health Criteria Table. Washington DC :
s.n., 2015.

—. 2016. National Recommended Water Quality Criteria-Aquatic Life Criteria Table. Washington DC :
s.n., 2016.

—. 2002. OSWER Draft Guidance for Evaluating the Vapor Intrusion to Indoor Air Pathway from
Groundwater and Soils (Subsurface Vapor Intrustion Guidance). 2002. EPA 530-D-02-004.

—. 2024. Per- and Polyfluoroalkyl Substances (PFAS) Final PFAS National Primary Drinking Water
Regulation. [Online] Washington, DC, April 2024. https://www.epa.gov/sdwa/and-polyfluoroalkyl-
substances-pfas.

—. 2013. ProUCL Version 5.0.00 User Guide: Statistical Software for Environmental Applications for Data
Sets with and without Nondetect Observations. Atlanta, GA : ORD Site Characterization and Monitoring
Technical Support Center (SCMTSC) Superfund and TEchnology Liaison, Region 4, 2013. EPA/600/R-
07/041.

—. 2005. Provisional Peer Reviewed Toxicity Values for Superfund (PPRTV). [Online] Office of Superfund
Remediation and Technology Innovation, December 5, 2005. https://hhpprtv.ornl.gov/.

—. 2016. Regional Screening Levels (RSLs). [Online] Washington, DC, May 2016.
https://www.epa.gov/risk/regional-screening-levels-rsls.

—. 1989-2016. Risk Assessment Guidance for Sperfund (RAGS): Part A. [Online] Washington, DC,
October 1989-2016. https://www.epa.gov/risk/risk-assessment-guidance-superfund-rags-part.
EPA/540/1-89/002; EPA/540/R-02/002; EPA/540/R-92/003.

—. 1989. Risk Assessment Guidance for Superfund Volume | Human Health Evaluation Manual (Part A)
Interim Final. Washington, DC : Office of Emergency and Remedial Response, 1989. EPA/540/1-89-002.

—. 1996. Soil Screening Guidance: Technical Background Document. Washington, DC : Office of Solid
Waste and Emergency Response, 1996. EPA/540/R95/128.

VURAM User Guide| Virginia DEQ | 1111 E. Main St., Suite 1400 Richmond, VA 23219 77



—. 20009. Statistical Analysis of Groundwater Monitoring Data at RCRA Facilities: Unified Guidance.
Washington, DC : Office of Resource Conservation and Recovery Program Implementation and
Information Division, 2009. EPA 530-R-09-007.

—. 1988. Superfund Exposure Assessment Manual. Washington, DC : s.n., 1988. NTIS PB8913859.

—. 1996. Superfund Soil Screening Guidance. [Online] Washington, DC, June 1996.
https://www.epa.gov/superfund/superfund-soil-screening-guidance. EPA540/F-95/041.

—. 2024. Updated Soil Lead Guidance for CERCLA Sites and RCRA Corrective Action Facilities. [Online]
Washington, DC, January 2024. https://www.epa.gov/superfund/updated-soil-lead-guidance-cercla-
sites-and-rcra-corrective-action-facilities.

Virginia General Assembly. 2016. VA Code § 9VACS25-260-140 . Richmond : s.n., 2016.

VURAM User Guide| Virginia DEQ | 1111 E. Main St., Suite 1400 Richmond, VA 23219 78



Appendices

A1.0 Equations and Parameters
Calculations for screening levels and/or quantitative risk calculations that differ from RSL User’s Guide
equations are noted in the associated section of this User Guide where they occur. Exposure default
parameters for each receptor are provided at the beginning of each receptor section. Calculation
constants, which apply to several equations across multiple receptor scenarios, and chemical-specific
abbreviations are provided in this section. Values for chemical-specific parameters can be found in EPA
RSL tables, VURAM Screening Setup page, and VURAM Quantitative Risk Assessment Setup page.

NOTE: Surface water screening does not include any physical or chemical parameters. It only includes
chemical analytes.

NOTE: surface water screening does not screen any ecological endpoints.

IMPORTANT! Computation of quantitative risk assessment hazard/risk values requires solving the
screening level equation algebraically for target hazard quotient (THQ)/target risk (TR) with the
chemical concentration in place of screening level (SL) to obtain a HQ/risk value. An example of this
algebraic process is provided in section A1.8.

Recreator and trespasser exposure scenarios are not included in the screening levels module. Sediment
screening values are uniquely developed for VRP ONLY, and surface water screening values are unique
to Virginia DEQ based on water quality criteria. However, VURAM quantitatively computes soil,
sediment and surface water hazard/risk for the recreator and trespasser exposure scenarios in
guantitative risk assessment using the recreator equations in section A1.4. Exposure default
parameters for recreator and trespasser vary between scenarios.

IMPORTANT! VURAM is updated by DEQ to reflect the semiannual EPA RSL updates to toxicity values
and other chemical parameters. Download and install the latest release of VURAM to calculate risk
assessments with the most recent RSL data. Use the most recent update of the RSL table available at
the time of data analysis and note the date of the RSL table in all risk assessments.

IMPORTANT! Site-specific exposure defaults, documented and approved by DEQ, may be substituted
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.

Table A1.0-1 Chemical Specific Parameters

Symbol Description Units Source
ABSd Fraction of contaminant absorbed dermally from soil (unitless) EPA
B Ratio of the permeability coefficient of a compound (unitless) EPA

through the stratum coneum relative to its permeability
coefficient across the viable epidermis (ve)

Csat Soil Saturation Concentration (mg/kg) EPA
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Symbol Description Units Source
Dia Diffusivity in air (cm2/s) EPA
Diw Diffusivity in water (cm2/s) EPA
FA Fraction Absorbed Water (unitless) EPA
GIABS Fraction of contaminant absorbed in gastrointestinal (unitless) EPA
tract
H' Dimensionless Henry's Law Constant (unitless) EPA
IUR Chronic Inhalation Unit Risk (ng/m)~r-1 EPA
Kd Soil-water partition coefficient (L/kg) EPA
Koc Soil organic carbon-water partition coefficient (L/kg) EPA
Kp Dermal Permeability Constant (cm/hour) EPA
RBA Relative Bioavailability (unitless) EPA
RfC Chronic Inhalation Reference Concentration (mg/m3) EPA
RfCsc Subchronic Inhalation Reference Concentration (mg/m3) EPA
RfDo Chronic Oral Reference Dose (mg/kg-day) EPA
RfDosc Subchronic Oral Reference Dose (mg/kg-day) EPA
S Water Solubility Limit (mg/L) EPA
SFO Oral Slope Factor (mg/kg/day)r- | EPA
1
T* Time to reach steady-state (hrs) EPA
TR-VFgt Trench Volatilization Factor - groundwater greater than (L/m3) DEQ
15ft - Virginia DEQ
TR-VFIt Trench Volatilization Factor - groundwater less than 15ft (L/m3) DEQ
- Virginia DEQ
TR-VFsg Trench Volatilization Factor - soil vapor source to (unitless) DEQ
ambient air - Virginia DEQ
VFs Volatilization Factor Soil - Los Angeles (m3/kg) EPA
VFsc Subchronic Volitalization Factor - Virginia DEQ (m3/kg) DEQ
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Symbol Description Units Source

T-event Lag per Event (hrs/event) EPA

Table A1.0-2 Calculation Constants

Symbol Description Value Units Source

CAFi Carcinogenic Adjustment Factor Inhalation - 0.756 (unitless) | EPA
Tricholorethylene (TCE)

CAFo Carcinogenic Adjustment Factor Oral - 0.804 (unitless) | EPA
Tricholorethylene (TCE)

CF 1 Conversion Factor | 0.000001 (kg/mg) EPA
CFll Conversion Factor Il 1000 (ug/mg) EPA
CF 1l Conversion Factor I 0.001 (mg/ug) EPA
K Andelman Volatilization Factor 0.5 (L/m3) EPA
LT Life Time 70 (yrs) EPA
MAFi Mutagenic Adjustment Factor Inhalation - 0.244 (unitless) | EPA

Tricholorethylene (TCE)

MAFo Mutagenic Adjustment Factor Oral - 0.202 (unitless) | EPA
Tricholorethylene (TCE)

PEFw Particulate emission Factor - Minneapolis 1360000000 | (m3/kg) EPA

A1l.1 Residential

Under the VRP, residential soil screening values include SSL DAF-20. For the development of SSL DAF-
20 see appendix Al.7. For VRP ONLY, groundwater/tapwater screening levels are developed by
choosing the MCL if it is available, OR the lower of Residential Tapwater TR = 1E-5 and Child HI = 0.1.
Groundwater MCLs are not risk-based numbers; MCL values are provided in the RCRA screening report
for reference only.

The groundwater vapor intrusion pathway (groundwater VI) is screened under the groundwater
medium. Groundwater VI screening values are computed from contaminant concentrations in
groundwater, NOT air. Refer to section A1.6 for groundwater VI equations. However, the quantitative
risk assessment module does NOT calculate groundwater VI risk based on groundwater contaminant
concentrations; air contaminant concentrations must be entered in pg/m3. Refer to VISL Calculator
User’s Guide for more details.

The screening levels module does NOT include the food medium. Food calculations are not age
dependent, however, noncancer hazard values for food are added to both the adult and child receptor
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totals in the quantitative risk assessment report. EPA RSL provides parameters and equations for fish
consumption; for food groups other than fish DEQ ingestion rate values for the appropriate food group
are used to compute hazard/risk.

Residential sediment and surface water exposure scenarios are calculated using recreator exposure
defaults and equations. See section Al.4 for recreator values and equations.

Table Al1.1-1 Residential Exposure Parameters

Symbol Description Value Units Source
AF0-02 Soil Adherence Factor - age segment 0-2 0.2 (mg/cm2) EPA
AF02-06 Soil Adherence Factor - age segment 2-6 0.2 (mg/cm2) EPA
AF06-16 Soil Adherence Factor - age segment 6-16 0.07 (mg/cm2) EPA
AF16-26 Soil Adherence Factor - age segment 16-26 0.07 (mg/cm2) EPA
AFres-a Resident Soil Adherence Factor - adult 0.07 (mg/cm2) EPA
AFres-c Resident Soil Adherence Factor - child 0.2 (mg/cm2) EPA
ATr Resident Averaging Time 365 (days/yr) EPA
ATres Resident Averaging Time: 365 x LT 25550 (days) EPA
ATres-a Resident Averaging Time - adult: 365 x 9490 (days) EPA
EDres
ATres-c Resident Averaging Time - child: 365 x 2190 (days) EPA
EDres-c

BW0-02 Body Weight - age segment 0-2 15 (kg) EPA
BW02-06 Body Weight - age segment 2-6 15 (kg) EPA
BWO06-16 Body Weight - age segment 6-16 80 (kg) EPA
BW16-26 Body Weight - age segment 16-26 80 (kg) EPA
BWres-a Resident Body Weight - adult 80 (kg) EPA
BWres-c Resident Body Weight - child 15 (kg) EPA
DFSMres- Resident Soil Mutagenic Dermal Contact 428260 (mg/kg) EPA
adj Factor - age adjusted

DFSres-adj Resident Soil Dermal Contact Factor - age 103390 (mg/kg) EPA

adjusted
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Symbol Description Value Units Source

DFWMres- Resident Groundwater Mutagenic Dermal 8191633 (cm2-event/kg) EPA

adj Contact Factor - age adjusted

DFWres- Resident Groundwater Dermal Contact 2610650 (cm2-event/kg) EPA

adj Factor - age adjusted

ED0-02 Exposure Duration - age segment 0-2 2 (yrs) EPA

ED02-06 Exposure Duration - age segment 2-6 4 (yrs) EPA

EDO6-16 Exposure Duration -age segment 6-16 10 (yrs) EPA

ED16-26 Exposure Duration -age segment 16-26 10 (yrs) EPA

EDres Resident Total Exposure Duration 26 (yrs) EPA

EDres-a Resident Exposure Duration - adult 20 (yrs) EPA

EDres-c Resident Exposure Duration - child 6 (yrs) EPA

EFres Resident Exposure Frequency 350 (days/yr) EPA

EFres0-02 Resident Exposure Frequency - age 350 (days/yr) EPA
segment 0-2

EFres02-06 Resident Exposure Frequency - age 350 (days/yr) EPA
segment 2-6

EFres06-16 | Resident Exposure Frequency - age 350 (days/yr) EPA
segment 6-16

EFres16-26 | Resident Exposure Frequency - age 350 (days/yr) EPA
segment 16-26

EFres-a Resident Exposure Frequency - adult 350 (days/yr) EPA

EFres-c Resident Exposure Frequency - child 350 (days/yr) EPA

ETevent- Resident Water Exposure Time - age 0.54 (hrs/event) EPA

res(0-02) segment 0-2

ETevent- Resident Water Exposure Time - age 0.54 (hrs/event) EPA

res(02-06) segment 2-6

ETevent- Resident Water Exposure Time - age 0.71 (hrs/event) EPA

res(06-16) segment 6-16
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Symbol Description Value Units Source

ETevent- Resident Water Exposure Time - age 0.71 (hrs/event) EPA

res(16-26) segment 16-26

ETevent- Resident Groundwater Exposure Time - 0.71 (hrs/event) EPA

res-a adult

ETevent- Resident Water Exposure Time -age 0.670769 (hrs/event) EPA

res-adj adjusted

ETevent- Resident Groundwater Exposure Time - 0.54 (hrs/event) EPA

res-c child

ETevent- Resident Water Exposure Time - mutagen 0.670769 (hrs/event) EPA

res-madj age adjusted

ETrai Resident Air Inhalation Exposure Time 24 (hrs/day) EPA

ETres Resident Soil Exposure Time 24 (hrs/day) EPA

ETres0-02 Resident Exposure Time - age segment 0-2 24 (hrs/day) EPA

ETres02- Resident Exposure Time - age segment 2-6 24 (hrs/day) EPA

06

ETres06- Resident Exposure Time - age segment 6- 24 (hrs/day) EPA

16 16

ETres16- Resident Exposure Time - age segment 16- 24 (hrs/day) EPA

26 26

ETres-a Resident Exposure Time - adult 24 (hrs/day) EPA

ETres-c Resident Exposure Time - child 24 (hrs/day) EPA

ETres-gwi Resident Groundwater Inhalation Exposure 24 (hrs/day) EPA
Time

EVres-a Resident Groundwater Events - adult 1 (events/day) EPA

EVres-c Resident Groundwater Events - child 1 (events/day) EPA

IFSMres- Resident Mutagenic Soil Ingestion Rate - 166833.3 (mg/kg) EPA

adj age adjusted

IFSres-adj Resident Soil Ingestion Rate - age adjusted 36750 (mg/kg) EPA

IFWMres- Resident Mutagenic Drinking Groundwater 1019.9 (L/kg) EPA

adj Ingestion Rate - age adjusted
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Symbol Description Value Units Source

IFWres-adj Resident Drinking Groundwater Ingestion 327.95 (L/kg) EPA
Rate - age adjusted

INHMres- Resident Air Inhalation Exposure Duration 604800 (hrs) EPA

ai-adj Mutagen - age adjusted

INHMres- Resident Groundwater Inhalation Exposure 25200 (days) EPA

gw-adj Duration Mutagen - age adjusted

INHMres- Resident Soil Inhalation Exposure Duration 25200 (days) EPA

s-adj Mutagen - age adjusted

IREres-a Resident Food Eggs Ingestion Rate - 150000 (mg/day) DEQ
Virginia DEQ

IRFres-a Resident Food Fish/Shellfish Ingestion Rate 54000 (mg/day) DEQ
- Virginia DEQ

IRFVres-a Resident Food Fruit/Vegetables Ingestion 122000 (mg/day) DEQ
Rate - Virginia DEQ

IRMDres-a Resident Food Meat/Dairy - Virginia DEQ 280000 (mg/day) DEQ

IRS0-02 Soil/Sediment Ingestion Rate - age 200 (mg/day) EPA
segment 0-2

IRS02-06 Soil/Sediment Ingestion Rate - age 200 (mg/day) EPA
segment 2-6

IRS06-16 Soil/Sediment Ingestion Rate - age 100 (mg/day) EPA
segment 6-16

IRS16-26 Soil/Sediment Ingestion Rate - age 100 (mg/day) EPA
segment 16-26

IRSres-a Resident Soil Ingestion Rate - adult 100 (mg/day) EPA

IRSres-c Resident Soil Ingestion Rate - child 200 (mg/day) EPA

IRW0-02 Drinking Water Ingestion Rate - age 0.78 (L/day) EPA
segment 0-2

IRW02-06 Drinking Water Ingestion Rate - age 0.78 (L/day) EPA
segment 2-6

IRW06-16 Drinking Water Ingestion Rate - age 2.5 (L/day) EPA

segment 6-16
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Symbol Description Value Units Source

IRW16-26 Drinking Water Ingestion Rate - age 2.5 (L/day) EPA
segment 16-26

IRWres-a Resident Drinking Groundwater Ingestion 2.5 (L/day) EPA
Rate - adult

IRWres-c Resident Drinking Groundwater Ingestion 0.78 (L/day) EPA
Rate - child

SAres-a Resident Soil Surface Area - adult 6032 (cm2/day) EPA

SAres-a Resident Water Surface Area - adult 19652 (cm2) EPA

SAres-c Resident Water Surface Area - child 6365 (cm?2) EPA

SAres-c Resident Soil Surface Area - child 2373 (cm2/day) EPA

SAs0-02 Surface Area Soil/Sediment - age segment 2373 (cm2/day) EPA
0-2

SAs02-06 Surface Area Soil/Sediment - age segment 2373 (cm2/day) EPA
2-6

SAs06-16 Surface Area Soil/Sediment - age segment 6032 (cm2/day) EPA
6-16

SAs16-26 Surface Area Soil/Sediment - age segment 6032 (cm2/day) EPA
16-26

SAw0-02 Surface Area Water - age segment 0-2 6365 (cm2) EPA

SAw02-06 Surface Area Water - age segment 2-6 6365 (cm2) EPA

SAw06-16 Surface Area Water - age segment 6- 16 19652 (cm2) EPA

SAw16-26 Surface Area Water - age segment 16- 26 19652 (cm2) EPA

A1.1.1 Soil
Noncarcinogenic-child
Ingestion
365 days
oL ( . ) THQXATFES'C [WzEDreﬁ'C (E Yearsj]xBWFES-C“S kg)
-sgil-nc-ing-¢ \M9/k9) =
res-solkneing-c Er (399955 ep (5 earelx_ RBA L pe  [200mg), 10Pkg
res-c| “ygar ) - res-c (6 years) mg resc| day | 1mg
0l kg-day
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Dermal

365 da
THOXAT,,. [WE:ED,EM (B years)]xsw,es_c (15 kg)

Sligs.soilnc-der-c (Mofka) =

350 d 1 2373 em? 0.2 1075k
EFres—c[ ,,e:rys]*EDres-c(B'f"'s)" ™o 'SAres-c[ da:m ]xAFres—c[_r;_g]xAEde 1mgg
[RfDO[ JXGIABS] cm
kg-day
Inhalation
365 d
THOxAT [ yeaTYS‘EDres-c (8 years)]
SI‘re'&soﬂ-nc—inh-c (mg!kg) =
350 d 24h 1d 1 1 1
EFres-c (T;LS] *EDyoq ¢ (B 'fea’s)"ETres-c [ dao:rs]x[u h::'rs]x ™ * ) * 3
RIC / Ve [™ | per, | T
m ®| ke W ka
Total
SL (mafkg) = !
res solbnc-tot-c g 1 1 1
+ -+
E‘rF:s-—51:|i—nl:-in§|-r. SLIES-EIJ“-nl:-dEI-I: SL1E5-5|Ji|-I'IE-iI‘I|1-C
Noncarcinogenic-adult
Ingestion
365 days
y )= THQxATrEEra[—Year *ED,, (26 years)J <BW,, . (80 kg)
res-soiknc-ing-a 350 days RBA 100 mg Y. 108kg
EF oo s | ——i= |<ED (26 years)x — ——— xRS __ | — 9 |x— 9
-a year res D mg res-a day 1mg
0l kg-day
Dermal
. —_ THQ:ATres_a[aaf—e:TExEDresPGraals)]xEWras_a(SU kg)
. ma/kg) =
Lres-soilnc-der-a (Mafkg - [359 days]rED (26 years)x 1 «SA [6032 C"'z]xAF [D.D? mg]*ABS x1|]'5kg
res-a W res mg ), res-a T res-a cmz d Tmg
[mo[kg.say] GIABS]

Inhalation

365 days
THQxATreS'a[ o xEDws(Eﬁyears)]

SLgs-soiknc-inh-a (MoK) =

350 da 24 hours 1 da 1 1 1
EF [_E]"Enres (26 years)<ET .. . [ r ]x[ y x +

esa ]x
r year day 24 hours RiC [my3J v ﬁ - ﬁ
m S| kg W kg

VURAM User Guide| Virginia DEQ | 1111 E. Main St., Suite 1400 Richmond, VA 23219

87



Carcinogenic

Ingestion

N 365 days
TR=AT o [T LT(70 years)}

36 750 mg]x[ﬂTEkg]

SLre s-soil-ca-ing I:m ga’kg) -

-1
mg
CSFD{ } XRBAXIFSrES_adj[ o

kg-day mg
where:
\
350 days 200 my
EFesc [ year ]xEDres-c (6 years)xIRS, . . [W}
+
IFS g [M) = BWes-c (15 kg)
resAtl ke 350 days 100 mg
EFresa [W]x I:EDres (26 years)- ED o (B Years))leSres-a [ day J
| BW,oe 5 (B0 k) )
Dermal
TRxAT, og [35959‘:3'3 <LT(70 years)]
SLres-soil-ca-der (mg/kg) = 3
CSFO[k mg ] .
g-day) |, 103390 mg ), L 10%g
—omes | res-ad) [T] A8y [—mg ]
where:
350 d 2373 cm? 02
EFres—c[ ye:ys]xEDres—c(a s"ears)"s“'&res-c [ da;m ]’AFres-c [?r;g]
DFS,, adj[m3'3k90 mg] - BWes.c (15 ko)
’ 9 350 d 6032 cm? 007
EFre;a[ Yeajys]x (Eoras (26 years)- ED o (6 years))xSA oo [di.;;]x‘“:res-a [ Cm;g]
BW g .o (B0 k9)
Inhalation
TRXATres[BE;':YS xLT(70 years)]

SLies-soik-ca-inh (mo/kg) =

-1
ug (1000 pa), 350 days |, 1 1 . . 24 hours) _(_1day
IUR[43] [ ma ) orres | year * EDres (26 years)=ETpgg day 24 hours
VF, o PEF,, -

Total
SL

re = soikca-tot [mg!kgj = 1 1 1

+ -
sl sb

SLna s-soiFca-ing res-soil-ca-der 1es-soil-ca-inh
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Mutagenic

Ingestion

TR=AT [355 days
res ar

xLT(70 years))

SLI’ES-SO“—m w-ing (mgfkg) =

mg 166 833 mg

csr,

it

5
kg_day] xRBAxIFSMrES_adj[
D2 (2 years)xmsw[ i

kg
where:

350 days
year

)<
BWU-2 (15 kg)

]x ED, g (4 years)xIRS, ¢ [
BW).g (15 ka)

350 days

EF2G[

166 833 mg
kg

J=

'FSMres—adj[ 350 days

¥s ], . 100 mg
year ] EDS-16 (10 yeafs) IRSB"‘G [

day

EF&15[

BWg.1g (B0 kg)

350 da YSJxEDm 55 (10 years)xIRS, 25[

100
da

EF1e- 25[

m

9]1
ay

BW, 5.5 (80 kg)

\

Dermal

365 days
TRxATI'BS [W"LT (?D years))

Slyes-soil-mu-der (M3/k9) = I
mg
csF [_
0 kg»day}
GIABS *xDFSMq. adj

428 260 myg
kg

where:
i

350 days
year

02 mg
e o

e

] EDg. (2 years)xAFg [—mg—] *SA2 [—

10®kg
mg

]110
+

BWgy.o (15 kg)

350 days . 0.2mg
Ef6 [W}‘EDZG (4 years)xAF 2-6[

ﬁr]“s‘b-s [

2373 cm?
day

+

428260 mg BW,, ¢ (15 ko)

o) -

l:]FSP“'res-:adj(
350 days

year

<AF. - [ 20

EFg. 15[ ]‘506-15(10 years) xAfg 16[

7 mg

] A, 16[8032 cm2] "

BWs. 15 (80 kg)

350 days

year ]"ED15-25 (10 years) xAFyg g [

EFg28 [

6032 cm?
day

0.07 mg

T

+

4

BW, 6.5 (60 k)

\
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Inhalation

365 days

TRxATres[ =

=LT (70 years)]

SL mg/kg) =

res-soil-mu-inh (

1, 1 1000 ung

-1
IUR Pya x x
" e ] per, [ "
s W W E

‘¢

24 hours 1 da 350 days
ETD_2 [ Jx( ¥ ]xEFD_z [_}' )XEDU-z (2 Years)x‘] D} +
\

day 24 hours year

,
24 hours 1 day 350 days
\ETZ-B ( Tay }{24 hours}EF}ﬁ [—year ]xE02_5(4 years)x3}+

i
24 hours ) ( 1day 350 days ], "
\ETB-1B [ Tay } {24 hoursJ EFs.15 [7year } EDg_¢5 (10 years) 3]+

)
24 hours | 1day |, 350 days |, .
ETi6-26 [ day ] (24 huurs} EFi6-26 [—Year ] ED;g.og (10 years) 1]

N )
Total
=1 . rmg.-'kgj = 1
res soibmu-tot b 1 ] 3
SLI ES-S0i-mu-ing SLFEE-SI]“—ITI.I.I-d Br SI‘rE&-sniI—mu-irh
Vinyl Chloride
Ingestion
TR
Slies-soitca-veing (MO/9) = mg Y 36750 mg ), 10%kg mg Y 200 mg), 105kg
S e | N e T
365 days BW. 15 kg
ATres[ year XLTE?D years)] res-c( )
where:
350 days 200 my
EF,es.c[ Toar ]*EDres_c (6 years)xIRS, [W]
+
IFS es-ag [36.?50 ng _ BW . (15 ko)
kg 350 days 100 mg
P Z e 60,5 (26 ors)- B0y (6 o) RS, (1220

BWI’BS- a

(B0 kg)
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Dermal

SLre s-soilca-ve-der (mg "‘9} =

- m u
SF”[%] 103390 mg 10°6kg CSFC'[“Q“*Q“'] x 3o’ | e (02mg), .56, 105k
—izes —— “OFSies adj [—r]‘msd'jm—g —GIABS Mvesc| ™ day res-c |7 Tmg
+
Alres [35;1?’5 LT I:?l] 3’93'3:'} BW;es'c ["15 o)
where:
350 days 2373 cm 02m
EF pec [”_ar!’]xEnmc(s years)xsgm‘c[ S .AFWC[ ng]
N
OFS,0s a4 [103-390 mg] - BWes o (15 k)
res-adj kg 2
EFroes [Bsf;":’s]x[somsps years)- ED, o . (B years))XSAms_a[auaja;m ]mrm_a [0'2;;'9]
B\'l"llres—a{énkg;I
Inhalation
TR
SL . inn (matkg) =
res-soil-ca-ve-inh
-1
350 days 24 hours 1 day 1000 pg
IUR|H8 =EF | —/— =" |<ED ___(26 years)=ET = x
{43] res[ year ] res( years) res [ day } [24 hours} [ mg N

3
365 days « m
AT [W LT(70 yaars)] VF, [k_g]

Total

_ 1
rcs-suil-cn-v:-tut[mg'fkg] - 1 1 7

+ +
sL 5L SL

sl

res-soikca-ve-ing res-soil-ca-vo-der res-soil-ca-y c-inh
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Ingestion

SLyes-soiltce-ing (mafkg) =

where:

FS 36,750 mg] _

res-ad] { kg

where:

166 833 mg] _

IFSMres-adj [ kg

Trichloroethylene

LY

'

365 days
TR=AT [W xLT {70 yea rs)]
37 B50 myg
1 5 [CAFU (0.804)xIFS g ¢ o4 [ki]] +
s [_M9_| xrpax|l10k ;
0l kg-day ) g “mg ) 166,833 mg
[MAFD (0.202)XIFSM oo [k—gD
350 days 200 mg
ED o (B Years)xEFres-l:{ year ]xIRSfES-C[ day ]
+
BW . . [15kg)

350 d 100
[EDyps (26 vears)- ED, . (6 years)|xEFo , [ﬁ}xln Sres.a (—mg]

BWI'E sa

350 days
EDg.o(2 ve ars)xEFﬂ_2 [—J IR 80_2(

year

(B0 kg)

200 my
day

A

+

BW; 5 (15 kg)

year

350 days 200 myg
ED, g (4 },r'ears:|==EF2_E (7}«? S5 [7':'” JXS

BW,_¢ (15 ko)

350 days 100 myg

BWg_1 (80 ko)

350 days
ED, g 5 (10 years)<EFy g o [_year ‘J "'RS15-25[

100 mg <1
day

\

BW, 505 (BU kg)
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Dermal

TRAT, ¢ [355;"’3’9 «LT(70 years}]

Slres.soiktce-der (Marke) = y
mg
CSF [_ &
9 kg-dayJ 10%g 103390 mg 428260 mg
| T (4% (0804 50FS o oy [ TR B, | | MAF, (0.202)<DFSM, | 228 |xaBS,

GIABS

where:

xAF

350 days 2373 cmz] [0.2 ng
resc| ™3
o

EDresc (6 years)*EF,,esvc[ year ]“Sares-c[ day
oFs [10@.390 mg) . BWgs.c (15 k0)
res-adj kg 2
350 days 6032 crm 0.07 mg
[Ei:'ras[25 years)-ED, . (6 years))xEFms.a[ year ] SAlasa[ day ] AFIBS-S{ on? ]

BW .o (80 ko)

+

where:

350 days 02m 2973 emé
EDg.» (2 years)<EFy 5 [W]"N’n-z [?29]‘5‘02[ day ]‘10
+
BWg. (15 ko)
350 0.2 2373 e
ED. g (4 years)=EFy g [T:E] *AFs o [—’;E]xm? 5 [ ]xa

o day

DFSM, d,[mzeumg]: BW).5 (15 kg)
es-a
I ke ED. - (10 veare) EF. . [35098¥8), o nu? B0R2em? | 5
516 (10 ¥8319) €46 | =y 516 *8%6.16 | day
+
W&ls(w"ﬂ)
350 days 0.07 6032 em?
EDlazs(‘UWa's)"Eﬁszs[ yoar ]""*szs[ ]"3“‘1525[ day ]"'

BW 5.5 (80 ko)

Inhalation

TR=AT

355 days
res

*LT(70 ye ars)]

Syes-soittce-inh (M9/k9) =

() 2] e U o)

kg

350 days 24 hours
[EDD_2(2years)XEFu_2[ Joar ]xETu_z[ day ]:mﬁ(u.zu):ta]+

350 da 350 days 24 hours
CAF-I[U.?SG)xEF,es[ mr’s]x . [ED2_5 (4 years)XEFz_E[ T JxET2_G [ Tay ]xmrl.(o.zu)q]+

24 hours 350 d 24 h

EDreS[ZB yaars)xlz—l'res [ day ] [505_15[10 years)XEFE_1B[ Yea?yS]XETE-‘IS [%]xwi[ﬂ.ﬂd)ﬁ]q.
380 d. 24 hours
[601&25 (10 years)XEF‘ls_zs[W] *ETi5.26 [ Tay ] MAFi[O.Ed-i)ﬂ]
Total
SL mgke) = ’
res soitteetot (M9 6) = 1 1 1

+
res-soil-lce-ing Sl‘res-sui!-twvdal SI‘IEE'EUiI-ll;E-inh

sL
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Supporting Equations

Child

ED,osc (B years) = EDg5 (2 3|rvz:a|rs)+E132_E (4 years)

BW,.o [15 kg)XEDD 2 (2 years) +BWS ¢ (15 kg) ED-g (4 years)
EDg.o (2 years:l+ED2_5 (4 years)

BW, o (15kg) =

350 days
EF, 350 days | _ EFDQ[ year }:EDU 2(2 years) +£Fp5 [
res-c  year EDg.5 (2 years) +D5 g (4 years)

350 days

=ED 4 years
2-6

24 hours 24 hours
ET, xEDy, - {2 years) +ET. xED.,, . (4 years
24 hours]= IJ-2[ day J 02 (2 years) 25[ day ] 5.5 (4 years)

ETresc [ day Dg.5 (2 years) +ED, ¢ (4 years)

0.2 mg [u.z mg]

AF, xED 2 years)+AF xED 4 years

[0.2 mg]= 0-2 [—z—cm ] 0-2 (2 years)+AF, o 2.6 (4 years)
res-c EDy 5 (2 years) +ED, ¢ (4 years)

2373 cm?

2
7373 em2 ] ) -2 [Ty]xEDDQ (2 years)+5A, ¢ [T]!EDZE (4 years)

EDg.o (2 '_fears) +ED5 g l:d years)

2EIIZI mg 200 mg
rescl  day EDp_5 (2 years) +ED2—E (4 ],fears)
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Adult

ED,gq.5 (20 years) = EDg 45 (10 years) +ED 5 o (10 years)

BW. 15 (80 kg) xEDg. 15 (10 years) +BW, g g (80 kg) EDqg.55 (10 years)

% (BD kg) ) EDE_15(1L] years) +€045.08 [10 years:l

res-a

350 days 350 days
[350 days] EFE-15 [ year ]XEDE_tl 6 (1 0 )‘ears) +EF15-25 [ yaar ]!ED-IB_zB |:1U YEar'S;l

year EDg.1g (‘I[J years:l+ED15_25(1D years}l

EFI’BE‘-—E

24 hours 24 hours
24 hours] NG 15[ day ] <EDg. 1 (2 years) +ETyg. 25[ i J“ED15.25(4 years)

ay
Elesa [ day EDg.15 (2 years) +EDy5 08 (4 years)

0.07 mg 0.07 mg]
AF =ED, 10 years) +AF =<ED 10 years
[u.m' mg] _ Mo [Tc ] 616 ( ) *#F15.26 [Tmr 16-26 ( )

resal ound EDg.1g (10 years)+ED g o (10 years)

6032 cm? 6032 cm?
8032cm2] S%1'3[ day ]‘EDG-WUD’93'5)+SA15-25[d—ay]"EDm-zs(‘”?ea’S)

SArasa[ day

EDg.1 (10 years) +EDyg o (10 years)

100 mg 100 mg
s [mu mg] " 35-16[ ] EDg.15 (10 years) 4RSg. 25[ T3y ]"5915-25 (10 years)
res-al day EDg 4 (10 years)+ED; ¢ - (10 years]

Age-adjusted
S (26 years) = EDp.5 (2 years) +ED5 5 (4 years) +ED5 45 (10 years) +EDy5.05 (10 years)

350 days | 350 days |
EFy.5 [W} EDg.5 (2 years) +EF & [W] ED, 5 [4 years) 4

350 days » 350 days |,
E [350 days] _ Efs. 15[ ] EDE}‘IEUU years) +EF 16-26 [—J ED;5.96 (10 years)
res B

EDgy.5 (2 years) +ED, g (4 years)+EDg ;¢ (10 years) 4ED g ¢ (10 years)

year

24 hours 24 hours
ED2[ Tay J EDy, 2(2years)+El'25[ Ty ] ED, ¢ (4 years) +

24 hou 24 hours
24 hours | _ ET5‘15[ day ]XEDBJG (10 years) +ETi5.06 [—Y] ED1g.25 (10 years)
res{  day EDp.5 (2 years) +ED_ (4 years) +EDg_y¢ (10 years) +ED,g 55 (10 years)
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A1.1.2 Groundwater/RSL Tapwater

Noncarcinogenic Child

Ingestion
365 days 1000 pg
(wor) THExATrgs.c [ year “ED gq.c (B years) | xBWyo o (15 ko) my
SL - poiL) =
water-nc-ing-c EF 350 days 078 L
— " |=xED I:B years:lx x| R -
res-c year res-c RD mg res-c day
01l kg-d
Dermal
FOR INORGANICS:
DA ug .| 1000 cm
event cmz-event L
Slyaternc dar-c (HO/L) =
cm 0.54 hours
K [m)‘ETevent-resc[ avent )
FOR ORGANICS:
DA t[ ug ]:[muucn@]
Bven 3 L
054 h - cm”- event
IF ETevem-res-c[ Bm::"s] =t (hnurs) dnen SLWNB""C'GST (ugfl.) - hours 0.54 hours
2xFAxK [ﬂ] ‘ja e [mJ : ETwem"es'c[ event ]
P hour g
or,
D ug .| 1000 em
0.54 hours * _ 'A‘evem cm?- event L
IF EToyentres-c [WJ >t (hours) then SLyaternc-der (woll) = - 054 hours
om event-res-c[ event ] hours)_[1 +3B + 387
FA’Kp[WJ’ B v 'mm{e\'“‘}[ (1+8)° ]
where:
365 d 1000
ug B THO = AT o [,e—:ﬁx EDygs-c (B years)]hf[—mg“g]wares_c (15 ko)
DAwe"l sz- event -
1 1 events 350 days] 2
xEV P xED 6 x EF xSA 6365
RID, [ M9_|<Gla8s ’e“( day } resc (07°2r%) 'e“[ year ’e“( o ]
kg-day
Inhalation
THOAT, . [355 955 eD, .. (B years)], [1000 ug]
oL . [ngL) _ year mg
water-nc-inh-c 350 days 24 hours 1 day 1 0sL
EF,. . xED, . . (6 years)xET x x =K
res-c| " year res-c resc|” day 24 hours RiC [my ] m3
3
i
Total
SL (woil) = 1
reswaler-nc-tot-c 1 1 1
+ +
SL SL

waler-nc-ing-c water-nc-der-c a"-.l.fa:ilnsr-nl::inh~l:
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Noncarcinogenic Adult

Ingestion
365 days 1000 pg
THQ=AT, . [WxEDres (26 years)]xawres_a (80 kg)x{m—gJ
Sl waterne-ing-a (M) = days 1 251
EF ea [350 year}‘EDres (26 years)x e xIRW [W}

0 kg-d

Dermal
FOR INORGANICS:

3
DAevem[ ug ]x 1000 crm
5 _ cm?- event L
l‘waier-no-der-ai"'g‘q') B p [ cm 0.71 hours]
P

ho ur] “Eleventresa [ event

FOR ORGANICS:

3
ug 1000 crm
0.71 hours) . Phavent [mz_ mnt]x[ -
evenl—res—a[ event ]5 t [hnurs:],then SL\mfater—nl:—iier (pgﬂ_) = hours T 0.71 hours
x — x
2x FAx K [—cm ] q rmenl[wsnt] evenwes-a[ event ]
p

hour J § 7

3
1000 cm
DA [ ug ],.
event l:m2-evenl L

IFET

or,

0.71 hours *
IF Eeyentres-a [W] >t (hours) then SLyyzter.nc.ger (HO1) = o 0.71 hours
FAx { em Y, 9“’9”‘"93'3[ avent ]+2 ‘e hours) | 1+3B +382
% | four T+B event | gyent (1 +B}§
where:
365 d 1000
ug _ THO x AT 5 [,‘,T:YS‘ EDygs(26 years)]x [m_gw]‘m"rres.a (80 ka)
DAe\reni 2 -
cm©- event
+ *EViesa [H;Te,m]xEDres (26 years) x EF [3511TFJKSAres.a [1%52 r.m?]
RID =5|ABS
e [RG-dav]
Inhalation
THO®AT, . [365 43yS . ep, ., (26 years)]X[MJ
~ . (vorL) = year mg
water-nc-inh-a 350 days 24 hours 1 day 1 05L
EF pen | ———|*ED, (25 years)=ET . x = <K
res-al  year res res-al  day 24 hours R’fC[my ] 3
3
m
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Carcinogenic

Ingestion

TReAT (2229855 1 1(70 years) |x| 122048
resl  year mg

SI‘w\rater-ca-ing (”gﬂ‘) =

-1
my 32795 L
CSF x[IFW g [ 22
01 ky-day res-ad kg
where:
( 350 days 078L )
F = "= rs) IR y
E res-c year EDI’ES‘C (6 yed 5) WI'ES'C day
+
w {32?,95 L) _ BW gs.c (15 ko
res-aclj kg 350 d
ays 25L
—— - = - —
EFas-a ( Jear J (EDres 2‘6 years;l EDigs-c (E years)]l IRW o 5 [ day
s BWeesa (SU kg}l )
Dermal
FOR INORGANICS:
" [ ug ] 1000 or®
_ event C;!- event L
S yater-ca-ger [POL) = om DA708 haurs
Kp[meErevem-res-adj[ EVEM ]
FOR ORGANICS:
DA ug [ 1000 em?
hours - g"enl[cmz—ewm} [ L
IFETgyentres-ad) [m]s t (hours)then SL .o cager (WO1) = ~ houws) .oy DB B o
2x FA X KP [ﬂ] . Tevent [m’ event-res-atj avent ]
U T
or,
3
DA ) _ug _]' _1000 o™
hours| _ + . E\"a"l[nrn"- even! [ L
IF ET ey ortresad) [ml =1 (nours) then SLy, e cq dor LHOL) = = 05700 hours
FA o ) ETU"Qm'"“'“i[ event ]*2 " howrs ) |1 +38 +382
o | owr 1+B “avent| avent ey
(1+8)
where: -
I6S5 ¢ 1000
N v i TRx ‘“res[ ’f’ =LT (70 yearﬁ)] [ mg“'gj
event [cln?-etenl,l h -1
[kn cav] 251 0,650 avents-cm®
T Pecagj kg
whera:
350 d 1 15 e
‘ 'Frasr[ ).o:rl’s] E\"rps-r[ 3:: _]'ED.-p.ﬁ-n (B yoars) »SA [835 c"2] .
DFW. I!I[Z,E 10650 events-cim? | N W e (15 k)
res-at) kg _ 350 days | events] Y
:me[ - ] zEvm_a[ = Jz(ED,“[Zﬁ pears)- ED, . (B vears|) =54 __ (ISBS‘ ean )
EwrQQQ(BD I‘g)
and:
f 0.54 hours 071 hours
06708 hours | _ \ETE"WHEH [Trnw]xED'e*C (B years)+ HWE"““’J[ wentu ]![ED”.:S[EE years)-ED, . . (B "a's:']]
Erwanl-lss-adj[ eren ) ED,, 5 (26 years)
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Inhalation

365 days
TRxAT o [TxLT (70 ye ars)]

SLWElET-Ca-inh (I" gfL) =
350 days

x|
24 hours 1 day pg 05L
EFreS[WJxEDrES (26 Years)XETres[ T ],{24 hours]X|UR[A3 K|y

Total
= 1
water-ca-tot [pg.-’Lj - 1 1 1

- T = .
sL . =L =L -
waler-ca-ing waler-ca-der waler-ca-inh

sL

Mutagenic
Ingestion
TR=AT (MxLT (?D years)}: [MJ
™ resl  year mg

water-mu-ing (woiL) =

-1
mg (10198 L
CSF, [kg- dayJ "IFWMres-adJ [—kg

where:
( (350 days (076 L )
BW - (15 ka)
(350 days ) (078 L
EF g e xED, 5 (years)XIRW}E Sy x3 .
BW, - (15 kg
IFWMres—ad{ 10199 L] _ H6 (15 kg)
I\ kg 350 days

25L
BWE—1B (BU kg)

350 days 25 1L
EF16.26 [—year ]‘ED1 5-25 (Years)xIRW, g - [ day J"’

BW, .o (B0 ko)

\ /
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Dermal

FOR INOR GANICS:

L Se— " :n] et l‘.l.ih'flhuﬂ]

[ LR ST EE ] T
R O AN ICE:
— 1000 gor?
mwll[ ¥ ]'[_ L ‘]
T B S mr

2 FA "r[&] _!“ '-m-(%] . i:m H*mui[:—":

mm[;;h]{M]

btaws
ET

FET QET08 At
b G 1 38 ‘_!;

erentrae T]’ ¢ e trenf )

FAxK, [%].

T&+E

) (52
O [
[_’[ﬂll up,,,,,”mlu.m 18 g .m.?]

W

2 [1 nnﬂt] o [H:I dl!'l] E0y 5 [rars) = Shy o [m:-ﬂ) 'Il‘.l
Bl 3115 3)

: :::‘]'E’h H:::H !'E"Mf‘“"'] " Sty 638 on? )3
BV (15 h) '

ll’:‘l&_s
B.191530 everts - o | _

DFWM e s [ .
’ 0 (1) e 1 ()0 ) 3 2]
"“bm )
Vg8~ }E 4,_,,[1"5 ""] EDy5.26 (w413 = 54y, (19652 co? o2
By g (B0 k3
e
venreni02)( even ) E02E W riraia (Ve ] g (el
- [u:ua mm] et ;E-m][u_?.::"] EDg. 1 (10 yoars) &7 mmu[wﬁ}[ T ] "E0; .2 (10 y0urs)
wvenretmad) | T grand BBy o[ years) +E05 g [§yeans] =0 o [10 pmar) =E0yg g 110 prars)
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Inhalation

TRxATres[ —

365 days
r

LT (70 yea

rs)]

SI‘\.rurater—mu—inh (”gﬂ‘) - -1
UR 'y } xK[
e
s
350 days
EFy.2 [—
N

year
s
350 days

year
F

16-26

350 days

year

Efs.16
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Trichloroethylene

Ingestion
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Inhalation
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Supporting Equations

Child
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Adult
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Age-adjusted
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Mutagenic
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Refractory Ceramic Fibers
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A1.2 Industrial/Commercial
All Industrial/Commercial equations are for Composite Worker. See the RSL User’s Guide (EPA, 2017e)
for indoor and outdoor worker equations. As industrial workers are presumed to be adults, age-
adjusted and mutagenic equations, as well as TCE/VC specific equations, do not apply to the industrial
worker computations.

Virginia DEQ considers drinking water as the highest beneficial use for groundwater. The groundwater
exposure pathway for the industrial study area is evaluated in the quantitative risk assessment module
using residential tapwater exposure defaults and equations. See section Al.1 for exposure parameters
and section A1.1.2 for RSL tapawater equations.

Groundwater VI is screened under the groundwater medium. Groundwater VI screening values are
computed from contaminant concentrations in groundwater, NOT air. Refer to section A1.6 for
groundwater VI equations. However, the quantitative risk assessment module does NOT calculate
groundwater VI risk based on groundwater contaminant concentrations; air contaminant
concentrations must be entered in pg/m3. Refer to VISL Calculator User’s Guide for more details.
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Table A1.2-1 Industrial Exposure Parameters

Symbol | Description Value Units Source
AFw Composite Worker Soil Adherence Factor 0.12 (mg/cm2) EPA
ATw Composite Worker Averaging Time 365 (days/yr) EPA
ATw Composite Worker Averaging Time: 365 x LT 25550 (days) EPA
ATw-a Composite Worker Averaging Time: 365 x EDw 9125 (days) EPA
BWw Composite Worker Body Weight 80 (kg) EPA
EDw Composite Worker Total Exposure Duration 25 (yrs) EPA
EFw Composite Worker Exposure Frequency 250 (days/yr) EPA
ETw Composite Worker Exposure Time 8 (hrs/day) EPA
ETw-ai Composite Worker Air Inhalation Exposure Time 8 (hrs/day) EPA
ETw-si Composite Worker Soil Inhalation Exposure 8 (hrs/day) EPA

Time
IRw Composite Worker Soil Ingestion Rate 100 (mg/day) EPA
SAw Composite Worker Soil Surface Area 3527 (cm2/day) EPA
A1.2.1 Soil
Noncarcinogenic
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Inhalation

365 days
THQ=AT, T
o w-a [ year

xED,, (25 years)]

SLy.soik-nc-inh (markg) =

days) % 8 hours | [ _1day |, 1 x ! !
EFW[QSU year] ED,, (25 years)xET,, [ day ] [24 huurs] m 37" 3
RfC ys vF | ™| per, M
m $| kg Wl kg

Total
SL ke) = !
w-saknctot (MIKE) = 1 R 1 R ]
s w-soiknc-ing ELw- soil-nc-der ELw-sr;lil-n c-inh
Carcinogenic
Ingestion
TRAT,, [%xu (70 yea rs)} <BW,, (80 kg)
Stwsaikca-ing (M) = days mg Y mg ), [10° kg
EF,, [250 W} <ED,, (25 years)xCSF, [kg_day] *RBAxIR, {1 0o day}x[W]
Dermal
) TRxAT,, [351‘:“ «LT (70 yearsj] <BW,, (80 ka)
Sly.soik-ca-der (M9K9) =
mg
d °[k -d ] 3527 em? 012 106 &
e o 25| L e ) 2
Inhalation
TRXAT,, [ﬁ#xu (70 years)]

Sly-soil-ca-inh (mg/kg) =

1

days . 8 hours ) (_1day |, py L[1000pg |, 1 + 1
EFW[25EI year]‘ED“"(?s years) ET, [_day 34 hours IUR (3 g = 5
VF PEF,, | —

Total

1
SLw-sml-ca et |mark 9] = 1 1 ]

+ +
=1 = =L

w-soil-ca-ing w- soil-ca-der w-soil-ca-inh

VURAM User Guide| Virginia DEQ | 1111 E. Main St., Suite 1400 Richmond, VA 23219 112



Al1.2.2 Air

Noncarcinogenic
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A1.3 Construction
The construction worker scenario described in the Supplemental Guidance for Developing Soil
Screening Levels for Superfund Sites (EPA 2002) is limited to an exposure duration of 1 year and is
therefore subchronic. Subchronic RfDo and RfCi values are obtained from the RSL Calculator Metadata
and updated annually. Where available, subchronic toxicity values are used to calculate noncancer
hazard values. If no subchronic value is provided, VURAM calculations default to the chronic toxicity
values for construction worker. As construction workers are presumed to be adults, age-adjusted and
mutagenic equations, as well as TCE/VC specific equations, do not apply to the construction worker
computations.

Soil screening values for the construction worker scenario are not provided in VURAM. For quantitative
risk assessment the EPA Supplemental Guidance for Developing Soil Screening Levels for Superfund
Sites (EPA, 2002) provides a detailed method for calculating PEF for the two construction worker
scenarios, (1) standard vehicle traffic, and (2) other than standard vehicle traffic (grading, dozing,
tilling, and excavation). However, default values are not provided for many of the input parameters,
and these parameters are difficult to estimate due to the wide variety of different potential
construction scenarios. Calculation of a PEF for a construction worker is significantly more complex
than for residential and composite worker scenarios, which are modeled on the generation of
particulates due to wind erosion. These values may not be sufficiently conservative for a construction
worker scenario due to the increased potential for particulates during construction activities.
Therefore, the PEF value for a construction worker was calculated by using the wind-driven PEF
equation and applying the dispersion constants for Philadelphia provided in Appendix D, Exhibit D-2, of
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the supplemental guidance document (EPA, 2002). VURAM calculations for soil rely on the standard
vehicle traffic scenario and unique subchronic PEF and VF calculations included in the supporting
equations of this appendix.

Construction screening and quantitative risk assessment values for groundwater, groundwater-VI, and
soil gas are based on the Virginia DEQ Construction Worker Trench Model developed in appendix A2.0.

Table Al1.3-1 Construction Exposure Parameters

Symbol | Description Value Units Source

A Construction Worker Soil Inhalation 14.0111 (unitless) DEQ
Dispersion Constant - Virginia DEQ

AFcw Construction Worker Soil Adherence Factor 0.3 (mg/cm2) EPA

As Areal extent of the site or contamination 0.5 (acres) EPA

ATcw Construction Worker Averaging Time: 365 x 25550 (days) EPA
LT

ATcw Construction Worker Averaging Time 365 (days/yr) EPA

ATcw-a | Construction Worker Averaging Time: EWcw 350 (days) EPA
x 7 x EDcw

B Construction Worker Soil Inhalation 19.6154 (unitless) DEQ
Dispersion Constant - Virginia DEQ

BWcw Construction Worker Body Weight 80 (kg) EPA

C Construction Worker Soil Inhalation 225.3397 (unitless) DEQ
Dispersion Constant - Virginia DEQ

DWcw Construction Worker Days Worked 5 (days/week) | EPA

EDcw Construction Worker Exposure Duration 1 (yrs) EPA

EFcw Construction Worker Exposure Frequency 250 (days/yrs) EPA

EFcw-a | Construction Worker Air Exposure Frequency | 250 (days/yr) EPA

EFcw-s Construction Worker Soil Exposure 250 (days/yr) EPA
Frequency

EFcw- Construction Worker Soil Exposure 125 (days/yr) DEQ

vrp Frequency - VRP ONLY - Virginia DEQ

ETcw Construction Worker Exposure Time 8 (hrs/day) EPA
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Symbol | Description Value Units Source
ETcw-s | Construction Worker Soil Exposure Time 8 (hrs/day) EPA
EWcw Construction Worker Weeks Worked 50 (weeks/yr) EPA
F(x) Function Dependent on 0.886 x (Ut/Um) 0.194 (unitless) EPA
Fd Dispersion Correction Factor 0.185 (unitless) EPA
IRcw Construction Worker Soil Ingestion Rate 330 (mg/day) EPA
n Total soil porosity: 1-(pb/ps) 0.433962 (unitless) DEQ
PEFsc Particulate Emission Factor Subchronic - 1.27E+09 (m3/kg) DEQ
Virginia DEQ calculated
Q/C Inverse of the ratio of the 1-h geometric 87.36898 (g/m2-s per DEQ
mean concentration to the emission flux kg/m)
along a straight road segment bisecting a
square site - Virginia DEQ calculated
SAcw Construction Worker Surface Area 3527 (cm2/day) EPA
Tc Total time over which construction occurs: 30240000 (s) DEQ
EDcw*EWcw*7days/wk*24hrs/day*3600s/hr
Um Mean Annual Wind Speed 4.69 (m/s) EPA
Ut Equivalent Threshold Value of Wind Speed at 11.32 (m/s) EPA
7m
\Y V Fraction of Vegetative Cover 0.5 (unitless) EPA
Oa Air filled soil porosity: n-Ow 0.133962 (unitless) DEQ
Ow Water filled soil porosity 0.3 (unitless) EPA
pb Dry soil bulk density 1.5 (kg/L) EPA
ps Soil particle density 2.65 (kg/L) EPA
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A1.3.1 Soil

Noncarcinogenic

Ingestion

Cw-a year week

)
50 weeks 5 days RBA m 107 k
Ech [EWC = DW S }EDW (1 year)x =R [330 g] [ g]

THQxAT [EWCWM 79a%s ep,,, (1 year)]xsw (80 kg)

SLCW‘SOil‘nC‘ing (motkg) =

ear oW waek m da Tm
y RID g y 9
0| kg-day
Dermal
50 weeks _7 days
THO=AT,,, [EW o w—“i— e (1 year)]xBW (80 ko)
SLew-soiknc-der (MO/K) =
2 -6
50 weeks 5 days] 1 3527 cm 0.3mg 10 kg
EF [Ew DWW *ED_, (1 year)x xSA, [ ]:AF [ ]xABS x[ ]
oW ow oW oW oW d
year week RID, m‘;g - <GIABS day ome 1mg

Inhalation

50 weeks _ 7 days
THQ=AT [EW ®

CW  year week  Elcw ( year)]

SL

cw-soiknc-inh (MQ) =

5 days 8 hours 1 day 1 1 N 1
o ]"EDcw (1 year)<ET,,, [ ]x[ x !

x
day 24 hours] [m ] 3 3
RIC y m L
3 VFsc ko pEFsc l kg

50 weeks
Ech[ oW " year “OWew

Carcinogenic

Ingestion

TR*AT [35? days

=T (70 years)]xa’w (BD kg)

SLl:w-sniI-ca-ing (mg}kg) =

- 6
50 weeks 5 days mg my 107 kg
EF _ |EW DWW ED_ (1 year)=CSF RBAxIR__ [330 — |=| ——=
'3"‘"[ oY year ew eek ]x CW( year)x D[kg—day] e CW[ day . 1 mg

Dermal

TRAT,, [35;% «LT(70 years)] <BW_,, (80 k)

SLu::\mr-sm’l-l:a-dar [:mgfkg:] =

EF [EW Sﬂweeks'DW Sdays]‘ED

O year o week

=1

F[ mg ] 2 o

0| kg-day 3827 em 03 my 10" kg
(1 year)x —aams— |*SA [ Ty ]xAF [ — x ABS x| = o

Inhalation

365 days
TRxAT,,,, [W.‘u(?n rears)]

Sew-soikcarinh (MIG) =

“

50 weeks 5days |, . B hours) [_1day |, g, [ 1000 pg ), 1 . 1
EFC“"[EWW year DWew weekJ ED'Z\""{1 Yea') ETow [ day ] [21 hnurs] lUR[A-ﬁ mg m 3
s | kg PEF,, T

w[_ w
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Supporting Equations

Wind-driven PEFsc
(o3 [—5_,—9 ] 36002 J
pefp |_air [ = 9 [im® st \hour
9i |  Cwind [k_%J U [E]S
" 00361 - V) x | 22| x F(y)
u, |
t 19]
where
a (InA ('aut:ns.hj-Ei)Ew
- = Axexp 3—
. [1e
i
and:
i <2, F(x) =1.91207 - 00278085 x +0.48113x2 - 1.09871 3 +0336341 «*

]
tx 22,F (x) =018 [B:3412¢)e

wrhe re

u
¥=0836 = [_l]
|""II"I'I
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Volatilization Factor Subchronic (VFsc)

- RVa
g ataxn, (oot )
3 2 ] Al E(g}
'\-V-FI . ma‘r - g Tl-s '.u-_lz r1|:|-£[_m-
UITHSC | kaggji | Csq k_a] Fo 2% [1 53] , o |em® cm?
\;3_ b cm’ Al s
whara:
9 2
Q mE_ sl s [:Iml'l'S |:a|:rE:|- El:l
T | Feay | xp I
53 k_g]
w3

1073 ;1043 q
Lyir y - e 015 Ly apor . cm mee
. ga L Dla H Bw L Drw 21 L
(o2 soi s suil ° 1| soil
U"" L= B 3

159 cm 0.15 Lwat:—r- L i .
Pb[ ]“Kd — | +8 [— +8_ | =i [ H

em> 4 " Lal:-il ; @ I‘:-:uil

S

159
. . o . 5

B LaiJ =n Spors -8 [—ntha:E’]andn pore =1. I:I['EWB*J/,

! _chil Leail v La;u:nl =eail | o |2.H:} g]

/T en®

3 =
e 0006 g] )

K, | —| =t [ = K_ | ——| only for organics.

dk ' oc g l:lc[ 1 ]
- , 0 weeks | (7 days) [24 howrs) [ 3500 :']

! = =
‘e (31240000 <) [:UEW[‘I yrearjx_wm[ year J ,[ wezk ]x[ day ]J[ hour

Fp (0.18584)= 01852 + (5.3537 /1) + [.qmm Jtch

50weeks) (7 days) (24 hours
t_ (0400 howrs) =ED_ [1 year| = EW - =
el 1ours) ow (1 vear] G [ year ] [ wenlk J [ day ]

Al.4 Recreator

The equations and parameters in this section are for quantitative risk assessment ONLY and do NOT
apply to computing screening values for sediment or surface water. Recreator equations and
parameters for soil are also applicable to recreator soil and sediment and to residential sediment.
However, for sediment an adherence factor (AF) based on 2002 Soil Screening Guidance is used instead
of the AF for soil. Surface water equations are applicable to quantitative hazard/risk calculations for
both the recreator and the residential study area. Apply trespasser exposure defaults to the recreator
soil/sediment and surface water equations to compute trespasser hazard/risk levels for the trespasser
study area.
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Symbol Description Value Units Sourc
e

AF0-02 Soil Adherence Factor - age segment 0-2 0.2 (mg/cm2) EPA

AF02-06 Soil Adherence Factor - age segment 2-6 0.2 (mg/cm2) EPA

AF06-16 Soil Adherence Factor - age segment 6-16 0.07 (mg/cm2) EPA

AF16-26 Soil Adherence Factor - age segment 16-26 0.07 (mg/cm2) EPA

AFrec-a Recreator Soil Adherence Factor - adult 0.07 (mg/cm2) EPA

AFrec-c Recreator Soil Adherence Factor - child 0.2 (mg/cm2) EPA

AFrec-sed- Recreator Sediment Adherence Factor - adult- | 0.2 (mg/cm2) DEQ

a Virginia DEQ

AFrec-sed- Recreator Sediment Adherence Factor - child 0.3 (mg/cm2) DEQ

c - Virginia DEQ

AFsed0-02 Recreator/Trepasser Sediment Adherence 0.3 (mg/cm2) DEQ
Factor - age segment 0-2 - Virginia DEQ

AFsed02- Recreator/Trepasser Sediment Adherence 0.3 (mg/cm2) DEQ

06 Factor - age segment 2-6 - Virginia DEQ

AFsed06- Recreator/Trepasser Sediment Adherence 0.2 (mg/cm2) DEQ

16 Factor - age segment 6-16 - Virginia DEQ

AFsed16- Recreator/Trepasser Sediment Adherence 0.2 (mg/cm2) DEQ

26 Factor - age segment 16-26 - Virginia DEQ

ATrec Recreator Averaging Time: 365 x LT 25550 (days) EPA

ATrec Recreator Averaging Time 365 (days/yr) EPA

ATrec-a Recreator Averaging Time - adult: 365 x 7300 (days) EPA
EDrec-a

ATrec-c Recreator Averaging Time - child: 365 x EDrec- | 2190 (days) EPA
C

BWO0-02 Body Weight - age segment 0-2 15 (kg) EPA

BW02-06 Body Weight - age segment 2-6 15 (kg) EPA

BWO06-16 Body Weight - age segment 6-16 80 (kg) EPA

BW16-26 Body Weight - age segment 16-26 80 (kg) EPA
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Symbol Description Value Units Sourc
e

BWrec-a Recreator Body Weight - adult 80 (kg) EPA
BWrec-c Recreator Body Weight - child 15 (kg) EPA
DFSMrec- Recreator Soil Mutagenic Dermal Contact 238602 (mg/kg) DEQ
adj Factor - age adjusted - Virginia DEQ calculated

using age-segment values
DFSMrec- Recreator Sediment Mutagenic Dermal 413774.4 (mg/kg) DEQ
sed-adj Contact Factor - age adjusted - Virginia DEQ

calculated using age-segment values
DFSrec-adj Recreator Soil Dermal Contact Factor - age 57603 (mg/kg) DEQ

adjusted - Virginia DEQ calculated using age-

segment values
DFSrec- Recreator Sediment Dermal Contact Factor - 114340.2 (mg/kg) DEQ
sed-adj age adjusted - Virginia DEQ calculated using

age-segment values
DFWMrec- Recreator Surface Water Mutagenic Dermal 4563910 (cm2- DEQ
adj Contact Factor - age adjusted - Virginia DEQ event/kg)

calculated using age-segment values
DFWrec- Recreator Surface Water Dermal Contact 1454505 (cm2- DEQ
adj Factor - age adjusted - Virginia DEQ calculated event/kg)

using age-segment values
ED0-02 Exposure Duration - age segment 0-2 2 (yrs) EPA
ED02-06 Exposure Duration - age segment 2-6 4 (yrs) EPA
EDO6-16 Exposure Duration -age segment 6-16 10 (yrs) EPA
ED16-26 Exposure Duration -age segment 16-26 10 (yrs) EPA
EDrec Recreator Exposure Duration 26 (yrs) EPA
EDrec-a Recreator Exposure Duration - adult 20 (yrs) EPA
EDrec-c Recreator Exposure Duration - child 6 (yrs) EPA
EFrec Recreator Exposure Frequency - Virginia DEQ 195 (days/yr) DEQ
EFrec0-02 Recreator/Trepasser Exposure Frequency - 195 (days/yr) DEQ

age segment 0-2 - Virginia DEQ
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Symbol Description Value Units Sourc
e

EFrec02-06 Recreator/Trepasser Exposure Frequency - 195 (days/yr) DEQ
age segment 2-6 - Virginia DEQ

EFrec06-16 Recreator/Trepasser Exposure Frequency - 195 (days/yr) DEQ
age segment 6-16 - Virginia DEQ

EFrecl16-26 Recreator/Trepasser Exposure Frequency - 195 (days/yr) DEQ
age segment 16-26 - Virginia DEQ

EFrec-a Recreator Exposure Frequency - adult - 195 (days/yr) DEQ
Virginia DEQ

EFrec-c Recreator Exposure Frequency - child - 195 (days/yr) DEQ
Virginia DEQ

ETevent- Recreator/Trespasser Exposure Time - age 2 (hrs/event) DEQ

rec/trs(0- segment 0-2 - Virginia DEQ

02)

ETevent- Recreator/Trespasser Exposure Time - age 2 (hrs/event) DEQ

rec/trs(02- segment 2-6 - Virginia DEQ

06)

ETevent- Recreator/Trespasser Exposure Time - age 2 (hrs/event) DEQ

rec/trs(06- segment 6-16 - Virginia DEQ

16)

ETevent- Recreator/Trespasser Exposure Time - age 2 (hrs/event) DEQ

rec/trs(16- segment 16-26 - Virginia DEQ

26)

ETevent- Recreator Surface Water Exposure Time - 2 (hrs/event) DEQ

rec-a adult - Virginia DEQ

ETevent- Recreator Exposure Time - age adjusted - 2 (hrs/event) | DEQ

rec-adj Virginia DEQ calculated using age-segment
values

ETevent- Recreator Surface Water Exposure Time - 2 (hrs/event) DEQ

rec-c child - Virginia DEQ

ETevent- Recreator Exposure Time - mutagen age 2 (hrs/event) DEQ

rec-madj adjusted - Virginia DEQ calculated using age-
segment values

ETrec Recreator Soil Exposure Time - Virginia DEQ 2 (hrs/day) DEQ
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Symbol Description Value Units Sourc
e

ETrec/trsO- | Recreator/Trespasser Exposure Time - age 2 (hrs/day) DEQ

02 segment 0-2 - Virginia DEQ

ETrec/trsO Recreator/Trespasser Exposure Time - age 2 (hrs/day) DEQ

2-06 segment 2-6 - Virginia DEQ

ETrec/trsO Recreator/Trespasser Exposure Time - age 2 (hrs/day) DEQ

6-16 segment 6-16 - Virginia DEQ

ETrec/trs1 Recreator/Trespasser Exposure Time - age 2 (hrs/day) DEQ

6-26 segment 16-26 - Virginia DEQ

ETrec-a Recreator Exposure Time - adult - Virginia DEQ | 2 (hrs/day) DEQ

ETrec-c Recreator Exposure Time - child - Virginia DEQ | 2 (hrs/day) DEQ

ETrec-sed Recreator Sediment Exposure Time - Virginia 2 (hrs/day) DEQ

DEQ

EV0-02 Events - age segment 0-2 1 (events/da DEQ
y)

EV02-06 Events - age segment 2-6 1 (events/da DEQ
y)

EV06-16 Events - age segment 6-16 1 (events/da DEQ
y)

EV16-26 Events - age segment 16-26 1 (events/da DEQ
y)

EVrec-a Recreator Events - adult - Virginia DEQ 1 (events/da DEQ
y)

EVrec-c Recreator Events - child - Virginia DEQ 1 (events/da DEQ
y)

IFMrec- Recreator Mutagenic Sediment Ingestion Rate 92950 (mg/kg) DEQ

sed-adj - age adjusted - Virginia DEQ calculated using

age-segment values
IFrec-sed- Recreator Sediment Ingestion Rate - age 20475 (mg/kg) DEQ
adj adjusted - Virginia DEQ calculated using age-

segment values
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Symbol Description Value Units Sourc
e
IFSMrec- Recreator Mutagenic Soil Ingestion Rate - age 92950 (mg/kg) DEQ
adj adjusted - Virginia DEQ calculated using age-
segment values
IFSrec-adj Recreator Soil Ingestion Rate - age adjusted - 20475 (mg/kg) DEQ
Virginia DEQ calculated using age-segment
values
IFWMrec- Recreator Mutagenic Surface Water Ingestion 122.7769 (L/kg) DEQ
adj Rate - age adjusted - Virginia DEQ calculated
using age-segment values
IFWrec-adj Recreator Surface Water Ingestion Rate - age 29.445 (L/kg) DEQ
adjusted - Virginia DEQ calculated using age-
segment values
INHMrec- Recreator Soil Inhalation Exposure Duration 1170 (days) DEQ
s-adj Mutagen - age adjusted - Virginia DEQ
calculated using age-segment values
INHMrec- Recreator Sediment Inhalation Exposure 1170 (days) DEQ
sed-adj Duration Mutagen - age adjusted - Virginia
DEQ calculated using age-segment values
IRS0-02 Soil/Sediment Ingestion Rate - age segment 0- 200 (mg/day) EPA
2
IRS02-06 Soil/Sediment Ingestion Rate - age segment 2- | 200 (mg/day) EPA
6
IRS06-16 Soil/Sediment Ingestion Rate - age segment 6- 100 (mg/day) EPA
16
IRS16-26 Soil/Sediment Ingestion Rate - age segment 100 (mg/day) EPA
16-26
IRSrec-a Recreator Soil Ingestion Rate - adult 100 (mg/day) EPA
IRSrec-c Recreator Soil Ingestion Rate - child 200 (mg/day) EPA
IRSrec-sed- | Recreator Sediment Ingestion Rate - adult 100 (mg/day) EPA
a
IRSrec-sed- | Recreator Sediment Ingestion Rate - child 200 (mg/day) EPA
c
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Symbol Description Value Units Sourc
e

IRW0-02 Surface Water Ingestion Rate - age segment0- | 0.12 (L/hr) EPA
2

IRW02-06 Surface Water Ingestion Rate - age segment 2- | 0.12 (L/hr) EPA
6

IRW06-16 Surface Water Ingestion Rate - age segment 6- | 0.124 (L/hr) EPA
16

IRW16-26 Surface Water Ingestion Rate - age segment 0.0985 (L/hr) EPA
16-26

IRWrec-a Recreator Surface Water Ingestion Rate - 0.11 (L/hr) EPA
adult

IRWrec-c Recreator Surface Water Ingestion Rate - child 0.12 (L/hr) EPA

SArec-a Recreator Surface Water Surface Area - adult 19652 (cm2) EPA

SArec-a Recreator Soil Surface Area - adult 6032 (cm2/day) EPA

SArec-c Recreator Surface Water Surface Area - child 6365 (cm2) EPA

SArec-c Recreator Soil Surface Area - child 2373 (cm2/day) EPA

SArec-sed- Recreator Sediment Surface Area - adult 6032 (cm2/day) EPA

a

SArec-sed- Recreator Sediment Surface Area - child 2373 (cm2/day) EPA

c

SAs0-02 Surface Area Soil/Sediment - age segment 0-2 2373 (cm2/day) EPA

SAs02-06 Surface Area Soil/Sediment - age segment 2-6 2373 (cm2/day) EPA

SAs06-16 Surface Area Soil/Sediment - age segment 6- 6032 (cm2/day) EPA
16

SAs16-26 Surface Area Soil/Sediment - age segment 16- 6032 (cm2/day) EPA
26

SAwO0-02 Surface Area Water - age segment 0-2 6365 (cm2) EPA

SAw02-06 Surface Area Water - age segment 2-6 6365 (cm2) EPA

SAw06-16 Surface Area Water - age segment 6- 16 19652 (cm2) EPA
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Symbol Description Value Units Sourc
e
SAw16-26 Surface Area Water - age segment 16- 26 19652 (cm2) EPA
A1.4.1 Soil/Sediment
Noncarcinogenic Child
Ingestion
365 days
oL (mg) THQ*AT o ¢ ¢ [BFT EDygec.c (B years:l}xBWrec_c (15 kg)
_ .‘ -- _ mg g =
rec-soil-nc-ing-c o days D (E ears)x RBA RS 200 mg ), 1D'6kg
rec-c | year rec-c \° ¥ mg rec-c [~ day Tmy
[kg-da!r]

Dermal

365 da
THQ=AT, .« [—Emr *ED, . (B years)]xﬁwrec_c (15 ko)

Shiec-sailne-der-c (mgikg) =

2 -6
days |, . 1 2373 em” | 0.2 mg 10" kg
EFrec-c[W] EDrec-c (E years) mg xSArec-c [Ty] AFrec-c[ 2 ]xABde Tmg
[RID [ ]:-:GIABSJ

cm
01 kg-day

Inhalation

THQ=AT

365 days
rec-c

€D . (B years)]

SI‘reu:-sail-n c-inh-c (mgfkg) =

days hours 1 day
EFec-c [year]’EDrec-c (B years)xET [ day ] [24 hours

e [ =)

Noncarcinogenic Adult

Ingestion

THQ=AT

rec-a 80 kg:l

365 days
T uear rec-a (

oo %ED g4 (20 years)]xaw

SLrec-soikn c-ing-a (mgfkg) =

days RBA 100 mg 10'5kg

EF —— |xED 20 i — | 3 —_ =

VEC'a{year]x rec—a( years)x - - x rec-a{ Ty ]x Tmg
01 kg-day

Dermal

365 days
THQ*AT . [WLKE%N (20 years)]XBWrec o (B0 kg)
Slrec-sail-nc-der-a (M9/ke) =

2 -6
days 6032 crm 007 mg 10kg
EF [—]xED (20 years)= xSA [7]»% [ ]xABS x
rec-a rec-a rec-a q rec-a 2 d
year [F‘"Dg[ mg ]xGLABS] ay om mg
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Inhalation

365 days

THO=AT, [ vear

xEDrec-a (20 years)]

SLrta c-soil-nc-inh-a (mg;kg) =

days hours 1 day 1 1 1

F =

E rec—a[ygaerEDrec-a (20 years)<ET o, [ day ] [24 hc;urs]x aicms i Ol m3
43 VFg PEF,, | T

Carcinogenic

Ingestion
TR=AT (MXLT(?D years}J
SL‘ren:—suil—n::al-ing (mg!kg) - X oy
CSF, | 2| =RBA<IFS,, .| T3 [« g
01 ky-day rec-adj| kg Mg
where:
days 200 my
Frec-c (6 years)xEFrec_C [ year ]xmsrec-c [TB’J
+
mg | = Bwrec-c[15k9)
IFSrec-adj ky - days 100 mg
EDygc. 4 (20 years)xEF, [ﬁ}xlﬁ,sre&a [—day J
\ BWWieca (80 kg) )
Dermal
365 days
TRxATrec[ ———xLT {70 years]}
SLygc.soil-ca-der (Ma/ky) =

.
mg
CSF ( ] 6
A ;
_ " A\keday) xDFSrec_adj[E—g]xABSd x[—10 kg]

GIABS mg
where:
2
days 2373 om 0.2myg
EDpec (B years)xEFrec_c[—year]xSArec{[ day JXAF'.EC_C [—2J
cm
OFS [ng _ BWogc.c (15 k)
rec-adj | kg
kg Eb. (20 - days) o B032 om? | 0.07 mg

rec-a (20 years) xEF o . . year |~ Crec-a day | ““reca 5
cm

BW .o (60 ko)

VURAM User Guide| Virginia DEQ | 1111 E. Main St., Suite 1400 Richmond, VA 23219 126



Inhalation

365 days
year

TRxAT [ xLT(70 years)]

Sl‘rec—soila:alinh (mg!kg) =

-1
1000 pg days 1 1
IUR[”%B] x[ mg JXEFrec[year * m3 * 3 *EDpec
VFg PEF,,

Ingestion

TR=AT .

m
kg kg
Mutagenic
[—355 days . 7 (70 ye ars)}
year

E?S years)

Sligc-soil-mu- ing |:m g.t"kg:] =

where:
I"

cor, (M9 Y oo, (0]« 100ke
0l kg-day rec-adj | kg mg

year day

days 200 mg
ED, 5 (4 1|naars):-<EF2_6 ( ]le52_5(

BW;.5 (1 ) kg)

year da

—

mg | _
IFSMrec-adj [E] -

BW, ¢ |:1 5 kg:|

<ET,

days 200 mg ]
EDy.5 (2 years)xEFy 5 [ ]mIPSU_2 [ ]==1D
+

N days |, 100 mg |,
EDG-1B(1D years) EF5'15[yearJ 'RSBJB( Tay J 3+

BWe.16 (680 kg

days
EDy5.06 (10 years) *EF15 0 [ yeaerlRS1 6-26 [

100 my
day

}1

rec

.

BW 6.5 (B0 ko)
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Dermal

Shiec soil-mu-der (""9”‘9) =

where:

mg
DFSMpgc. adj [ kg]

TRxAT [355 I:;a!rstT (70 years)]
CSF [—
° "H'daYJ mg 10‘5kg
GIABS *DFSM ¢ agj *ABS g m

2
ays 0.2 my 2373 cm
EDp.; (2 years)<EFy. g[yea JxAFD_z{ - ]xSAD_z[ e

cm

BV, 5 (15 kg

year

2
x days 0.2 mg 2373 cm® |
ED, g (4 years) EF2_8[ ] AF,_ B[ — ] SAQ-B[ 3

BW, ¢ (15 ko)

year

p
days 0.07 mg 6032 cm
EDg 15 {10 years)XEFE_“3 [ JxAFﬁ_m[ 5 JXSAEJB [ i ]K:.,
+

BWs 15 (80 kg)

da 007 m 6032 cmé
E%zs(myears)xEﬁszs[zreir] Ae- 26[ ] 5“15-26[ oy ]
BW 555 (80 ka)
Inhalation
TR*AT [35'“;’9# «LT (70 years)]
Shte c-soil-mu-inh (mokg) =

PEF,,,

|UR[P%3]1X 1m3 + 1m3 x[mﬂﬂug}
i) 5

kg

mg

EDg. (2 years)XEFD_2 {
8

\EDz 5 (4 years)EF, o [

EDB-1B (10 years)=EF
\

(

WA

da
year

days
yea

hours

ays ]xETD 9 [

2o

[d
Bly

days

ays
ear] *Elg.16 {

day

hours

L1 day
24 hours

]xm]+

day

<[ _1day
24 hours

1 day

}x3]+

hours N
day 24 hours

1 day

y hours
EDyg.og (10 years)xEFyg og [YEEJ"E% 2% [ day }‘ {24 hours

Jx3]+
P

Y
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Ingestion

Shecsoilcave ing (mgfkg) =

Dermal
SL

Vinyl Chloride

TR

i 1 B kY
mg [mg], 10 ky

C5F, [kg-day} xREIA!IFSrel:_adJ[ ko ]x Tmg .
AT . [35;#: LT (70 y‘ears:l}

\

' _1 B 3
mg 200 mg | 10 kg

CSF, [kg-day} XREIAHIRSrEC_C[ Tay *=3 _

BW e c (15 ko)
\ /
TR

tec-soil-ca-vc-der [mgfkg)

CSF,

2]
kg-day] . mg), ame o 10 kg
GIABS DFSrec-adj{E ABSy Tmg

n]

365 days
AToc [W LT (70 years)]

GIABS day 2 1 mg

1
my
[kg‘day] on  |273em? | o (02mg), 4oo, 105k
rec-c rec-c cm

Inhalation

BW o0 (15 kg)

TR

SLrec-suiI—ca-v c-inh [mgfkg) =7

1 day

-1
days hours 1000 pyg
(5] B 51 (22} ) 0)|

\

3
365 days m
ATrec:[ Jear xLT(70 years)Jx\/FS [E]

IUR["'%3]-1 x[mm “g]

3
m
VFg [E]
\

mg
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Ingestion

8l're:l:-sn:IiI-h::e-ing [mg,d-cg) =

where:

mg| _
IFSrac—adj [G] -

where:

mg
IFSMpg . adj- [E]

Trichloroethylene

365 days

TRxAT [ xLT (70 years)]

1
sF [M9 | xpBAx
Sy [kg-day]

CAF. (0.804)xIFS -[ﬂ]}f
[10,5 kg], [ o[ ) rec-ad) kg

mg [WF (0.202)=IFSM, adl[r:g]]

days 200 mg
EDygc-c (B years) xEF ¢ [yaar] IRSgec.c [ day }
+

BW ... (15 ko)

days 100 m
(EDygc (25 years)- ED o . (B years))XEFrec_a[FaLr]xIRSre . a[d_ayﬂ]
BW, ., (80 kg) |

days
EDg.5 (2 years) XEFEI-E [year }-=IRSEI 5 [

] =10
+
BW.5 (15 ko)

days

0 mg
ED2g ':4 years} “EFg [ year}ms‘?-ﬁ [ day ]:-:3 .
BW, 5 (15 ko)

days 100 mg
EDg.15 (10 years):EF5_15 [yaar) IRSg. 15[ ]:3
+

5_15 (ED kg)

days 100 my

BW15-25 (3'3 kg) )
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Dermal
365 days

TRxATrec[ =LT(70 years)]

SLiec-soiktce-der (Ma/ka) =

CSF, [—"‘9 ] 5
0 { kg-day 107kg
GIABS x[ o x| | CAF, (U.&Jd)xDFSrec adj| T g rABS + MAF (0.202)XDFSMrec -adj kg xABS
where:
2
days 2373 cmy 02 mg
EDrec.c (6 Yea's)"EFreo-c[year] SAleo-c[ day ] AF"BC'C[ om? ]
+
DFS [mgj - BWgc.c (15 kg)
rec-adj E - 2
days 6032 cm 007 mg
( rec (25 ,rears) reccEB Yea's))’EFrec-a[Yaar] SAreca[ day ]’“AFrec-a[ o ]
BWiec.q (B0 ke)
where:
2
. days 0.2mg 2373 em® |
EDg_5 (2 years) EFM[mr]xAFD_Q[ 3 ]xSAﬂlz [—day ] 1c|+
BW 5 (15 ka)
days 02 mg 2373 cm
ED, (4 years)xEszs[year]xAFzﬁ[ ! ]xSAZ.S[ o ]
BW, ¢ (15 kg)
mg|_ 26
DF SMyg . agj [ﬁ] =

EDg 15 (10 years)x EFg.1g [

y¥s 0.07 mg 6032 cm
ar]xAFBJB[ ]‘%15[ day ] 3
+

BW;.15 (B0 k)

days
ED, .56 (10 years) xEF g o¢ [,e }‘Aﬁa % [

BWig o6 (80 ko)

6032 cm?
P se [T]‘

Inhalation

365 days
TRxATrec[ e ~LT(?U years)J

Sl‘re c-soil-tce-inh (mg,fkg) =

(1000 pg |,
24 hours

|UR[%3]'1X 1m3 . ‘m3 { 0
HE

1 day Jx
5( kg )

d
CAF,; (0.756) EF, 5, [ﬁ]x ED, g (4 years)xEF, ¢ [

year

hours
ED g (26 years)xET, [W]

[
|
[
[

days
1 ,
EDyg.26 (10 years)=EFyg o [,93,]

hours
]xET25 [ Tay ] *MAF, (0244)x3]
days
EDg_1g (10 EF, ET,
g1 (10 years)x 5-15[,83,]‘ B-

ETi6.26 [ 3

h“”’s] <MAF, (0.244)1 u] +
ay

hours
16 [ day ]’KMAFi(OQM)YG]-r

houys]xMAF (0. 244):1]
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Supporting Equations

Child
ED, ... (B years) =ED 5 (2 years)+ED, o (4 years)

15 kg)=ED 2 15 kg)=<ED 4
BW gc.c (15 kg) = BWOE[ 9)~ UE( YEMSJ%E[ 9)x E-E[ years)
EDg.2 (2 :HEDQ_E [4 rears}

0.2 events

h 0.2 events
AF 0.2 events | _ AFD‘E[ day ]:EDU-E (2 years) AP g [T}‘EDE-E (4 years)
rec-c day =

EDg.- (2 years) +ED5 ¢ (4 years)

o [days] _ Efg.o [:'Ear] EDy., (2 years)+EF, g [i;] ED, g (4 years)

rec-c | year EDy.5 (2 years) +ED, g (4 years)

hours hours
hours ETD-E[ da ay ] EDD 2 [:2 rﬂars:] +ET2 E[ i3 ay ]XEDE'E [4 ]rnaars:l
ETrec-c =

day EDg.5 (2 years) +ED, ¢ (4 years)
2
2373 cm 2373 cm
23?3 2 Sﬁ] 2[ Y ] EDg.5 (2 years) +SA, ¢ [T] xED, ¢ (4 years)
s
Arec-c day EDy .5 (2 years] +ED, ¢ (4 years)

]:EDD_Z[E years) +RS, g [E‘DD ;ng]:EDE_E (4 years)

EDD-2[2 years) +ED ¢ (4 years)

IRS 0 ¢ [2':":' "‘9] ) 8”[

day
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Adult

ED 20 years) =EDg 45 (10 years) +EDy 5 05 (10 years)

rec-a I:

BWg.15 (80 kg)<EDg. 1 (10 years) +BW g o5 (B0 ko) <EDyg o5 (10 years)
EDg 15 |:’IEI ye ar::t+ED-| 526 |:1IJ ],rears:l

B ac-a (80 kg) =

0.07 events 0.07 events
616 [T]“EDE-W[":' years) +AF16.05 [T]‘Enm-za (10 years)

EDE‘1E [1':' rEarS] +ED1E'25 {1 0 fears]

007 events | _
AFrec-a[ day ] B

days days
5IrEEIr]xEr.uE_15 (10 ]rearﬁ}+EF15_25[ o ]rED1&25 (10 years)
EDg 16 |[1[i ]rears} +EDyg g I:11] ye ars]|

hours hours
ET, =E 10 years) +ET }cED 10 years
huum] _ 5-15[ day J Dg.16 (10 years) +ETyg, 25[ day 01626 (10 yeurs)

EDg 15 (10 years) +£046 0 (10 years)

B032 cm? BO32 e
27 66| g [*E6-16{10 years) 4846 55 | ———|EDyg o6 (10 years)
SA E032 cm - ¥ ¥
rec-a day EDE_1E[1D yeara}-l-EDiE_EE (10 years)
100 mg 100 m

]xEDE_m (10 years:|+IRS1ﬁ_25[ g]xEDm_zE[m years)

EDg 15 (10 years) +ED; 5 o5 (10 years)

IRS
RS 100 mg b-16 [ day
RSreca day |

Age-Adjusted
ED, g (26 years) = EDy 5 (2 years)+ED, g (4 years) +EDg 4 (10 years) +EDyg og (10 years)

202 ]xEDUZ (2 years) +EF, 5[ ye“]-euz g (4 years)+EF; ;g [‘:@Y ]xED5_1 g (10 years) +EF, 5_25[ ””]*5915-25 (10 years)

EDg.5 (2 years)+ED, g (4 years) +EDg 1 (10 years) +ED g o (10 years)

da
EF;
days 0-2 [ yea
EFFEC [ ]

year

ours ur

hours hou hou
houre ETM[ = ]xEDD 5 (2 years)+ET,, s[ ]zED2_6 (4 years)+ETg. 15[ Tay ]xED5_.|5 (10 years)+ET;q. 25[ Tay ] ED;g.og (10 years)
rac[ day ] EDp.5 (2 years) +ED, ¢ (4 years)+EDg 4 (10 years) +£0,5 o5 (10 years)

A1.4.2 Surface Water

Noncarcinogenic Child

Ingestion

365 days 1000
THOxAT . [ yeary *ED g e (E years)] oo (‘IS kg)x[m_gg]
SL

. iL) =
rec-water-nc-ing-c (ug da 1 012L
ys . events hours
EFrec-c [ yea,}EDrec-c (6 years)x mg *RWiee.c [ hour ]KEVrec-c [ day }(ETrec-c [g\fgm]

RO, | rog
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Dermal
FOR INORGANICS:

3

ug 1000 crm

DA, x
svent [cmz- evenl] [ L

SLrac-water-no-dar—c ("9’1‘)= w (M Vet hours
P[hour]x e“"“-""t"ec"’[a\renl]

FOR ORGANICS:

1000 cm?
DA 19 ]
hours a"“"t[cmz‘ event) L

J ETevanI-rec-c [event] st |:h0ur) Jhen SLrec—water—nc—dar["'g'ﬂ')= hours hours
om !5 " Tevent [e\rent] *ETeventrec-c [eveni]
2xFAx K 4
P L hour ) § E
or,
ug 1000 cm?
PAgvent| —2 * L
hoursy _ _ cme- event
IF EToyentrecc [—event] >t (hour)thenSL .. oo ne.der (POL)= - oy
FAx K [ cm ]x e\rent-rec-c[wem] +2x¢ [hours]! 1438 +382
P L hour 1+8B event| gvent (1 +8)
where:
. 365 days . [ 1000 pg
u THQ x AT, . . [W ED,pe.c (B years)] [m—g xBW, . . (15 kg)
DAevent b =
cm*- event
events days 2
mg *EViee-c [ day ]'Enrec-c (6 years) x EF g [ year ]’SArac-t['saEs cm ]
. *GIABS
kg-day
Noncarcinogenic Adult
Ingestion

365 days
year
days 1 011L events hours
EFrec-a [year]xEDrec-a(m years)x mg ) Inwrec-a ( hour )“Evre&a[ day J‘ETevent-rec-a[wgm]

R, |1ad

1000
THQ xATrec—a{ *EDygc.q (20 years)]x rec-a (80 ke) [m—gugJ

SL

rec-wat-nc-ing-a (o) =
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Dermal

FOR INORGANICS:

- event

DA ug 1000 em°
event 3 = L
crm

SLrec-water-nc—der—a (”g’”") = hours

cm
KP [hou,]xEravanl-racvc (event]

FOR ORGANICS:

ug 1000 crm?
Pevent [cmz- event] x[ L

hours . )
" Elevert rsca [m] €t (hour) then Sby o yaternc.der (VL) = 6xr hours) , e hours
xFAx K [ ] 4 event| ayent event-rec-a | ayent
P Lhour J .
or,
DA ug__ ) [1000 cm®
hours - avent cm?_ — -
IF EToventreca [m] >t (hour) then SLrEC-water-nc-der(“g’L) = i
ET
FAxK [ﬂ], M+2 = [houm], 1+38 +382
P\ hour 1+B event | eyent (1 +B)
where:
365 days «[1000 pg
THQ ‘ATreo-a[ Joar "‘EDrec-a [20 years)] [W xawrec-a (EID kg)

DA ug ] =
event [cmEA avent

1

mg

RID *GIABS day year
01 kg-day

events da
*EVrec.a [ ]xEDrec-a (20 years) xEF ., [_E]!%rec-a [1%52 cm?]

Carcinogenic

Ingestion

365 days 1000 pg
TR=AT T (70ye
“rec [ year ) ( ars)}[ mg

SL
mg Y’ L
CSFy [kg-day) *IFWee c-adj [@]

rec-water-ca-ing (ll 9"L) =

where:
EVec-c [%?S) % EDrgc.c (B years)x BF . o [%]‘ Elrecc [%] xIRWoe.c [%]
+
erec-adj [%] = X BWec.c (15 I;g) h .
Freca [e\;r;'sJ x EDrgo.q (20 years)x Efgc [ﬁ}‘ Elreca [ﬁ] x RWec.a [ hour ]
BW,e.. o (B0 ko)
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Dermal

FORINORGANICS:

3
DA uy ]: 1000 cr
event [cmz- event L

Cm

S
hours
% [h our]xETe“' ent-rec-ad [eventJ

Lrecwater-ca-der (POL) =

FOR ORGANICS:

A [ ug ]x 1000 en®
event| cm2. event L

5 x hours | hours
2x FA XK [ cm ] . Tevent | avent. eventrec-adj | ayent
PLlh

hours * _
IF BTy entrec-adj [gvem] <t (hour)ihen SLec otercader POL) =

our ) Y 7
or,
3
DA ug .| 1000 cm
- hours * § _ event cm2- event L
IF ETevent-rec-adj | ayent) " (hour) then SLyec water.ca-der (HOL) = P
ET N i
cm event—rec—adj[evem] hours) [1 +3B+382
FAxK, |—|% | ——————_+2 x ¢ nt % —_—
Pl hour 1+6 event | event (1 +3)2

where:
N 365 days [ 1000 pg
u TR ATrec[W LT{70 years)] [m—g
DAe\rsnt 2 = 1
cm“- event m
€S U[k dg ] ts-cm?
g-day events-c
* DFW, c-adj[—]

(L] Ka
where:
events days
EVec-c [ day ]xEDrec-c (6 years) = EFrec—c{ year ]XSArec-c [5365 cm2]
4
DFW d_[aents-cmz] - BWee.c (15k9)
rec-ac) kg events days
BV, ecea [d_ay] <ED, g, (20 yours) x EF, [H] <A ye.q (19652 or?
BW s (BD kg)
and;
hours hours
- [houm] B [Erevenl-rec-c [m]xEnrec-c |:5 years)+ ETevent-rec-a [evem]xEDmc-a [:20 years)]
event-rec-adj | gyent EDoc.c (B years) + ED . (20 years)
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Mutagenic

Ingestion

365 days 1000 pg
TRxAT [WxLT (70 ysars)] x [m_g

Sbrec-water-m u-ing (pgit) =

K
_mg (L
CSF, [kg_ iy TP a1

where:

days 012L events hours
EDg., (2 !|f|aar's)=‘EFE|_2 [ Joar }‘IRW’D'2 { v ]xEVD_z[ Tay ]:-&EI'O_2 [e\reni ] <10 .
BV (15 ko)
days 012L events hours
yeaerlRWQ'a [ hour ]xE\fz_G[ day ]xETZE [evant]xa .

BW).6 (15 kg)

ED, g (4 years)xEF, ¢ [

days 0071L events hours
EDg 15 (10 years)xEFa_m[Year]!IRWE_,lB[ s }:EVE_"S[ A ]:ETE_"; [_even:]"

BW 1 (80 ko)
days 0071 L events hours
EDyg.26 (10 Yea’s)‘Eﬁszs[,ea,]"RW15-25 [—hau, ]"EV16-25[ day ]"ET15-25 [—mm}”
BW,5.26 (80 ko)

L)-
IFWMrac-adj [E] -
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Dermal

FORINORGANICS:
. _ (1009 e
8 (o) = ° [ wul L L ]
(T2 TN T, B g
[ T avann.rac.mac) :‘L..:']
FOR ORCANICE:

Ot s 20

. Kp[%] r' ‘hﬂt[:,_azl 'E:ﬂlﬂfli-ﬂﬂ. !L%]

Chv 2 (235

Aarg * =
El vz rocmady [.,“ LU o L ——— L

ar,

L T— [H: >t (rous] B S, g BPIL) =

e
B g [u;"r’ﬂr: - [ﬂ_:ﬂ - l‘nm}‘] [HJII]
e g
CsF, u-iu] .mmm“j[n-n::tn*]
where: )
(8.5 ““'"] EDy.; [2 yeers) = EFy [—L]-eam (6385 i J-10
W2 (15 +) ’
'Ev'“ [%]-ED:, ¢ (4 years)  EF, -e[:—:E]‘a"'z-s [aas cmﬂ]-s
S B (15 43) i
DF'Mllr ) [wnﬂtn-r ]_ :
T B%-16 [“::‘]‘Ene-wl‘ 0 years) = Efg g [ﬁﬁ]‘”ﬁ-m (19662 ca )3]
EWs. 1 (50 kg)
(6,5 20 ['::';"]:Enm_m (10 years) « Erm_m[%].sp“_m (15552 -:m'*’]n
BW5 5 (0 43
and: a
ET evont. roe 0. 2](:.,“: TEOg 3 (2 years)« T evert rec|2-5) [: :::] TEDy g (4 years)+
hnur'] - Erﬂ.nmtiﬁ'm:'[ wll't] o6 [m 1'“"1] nrt-ric':lﬁ Jﬂ[wui] 016 15["? mrs]

ETevent- rec-mad) | gvam |

B0y 2(2 rere) +ED 54 yoars] +EDg 45 110 yoars] 1E01g 3510 yoors]
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Vinyl Chloride

Ingestion
TR

Sl

rec—water—ca—vt—ing(”gﬂ-) =

L m
coF [ 8| «Fw NN S
o [kg—dayJ rEC'-"-“flJ[ng [1DED pg} .

365 davs
AT [WKLT (0 years)J

51
rrg ET hours IR oa2L g
i} (kg_ﬁay' " rEC-B[. day JK rec-¢  hour " 1DDD Ho
= 15 kg:]

rec-c lr

where:
Evrec—c[ezzr;tg] *ED o (B years)=EF . o [%}‘ BT ecc [%JHRWED_E [%} )
lFWret—adj[é] i events BWFEEWCUE :ga:ls hours 0.071L
EVera [W} = ED, o g (20 years)« EF, . [TB:T} “ET e [MJ' IRW o [WJ
BW, .5 (80 ka)
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Dermal

DA vg ) [1000 em®
hours - _ event cm?- evenl L
F ETevent-rec-ad) | gyant )< ! theurs).then SLioc yaterve.ger (PO = — —
N T [evem] * ETe\fent-rec-adj[evem]
2 FAXK [ ]
P haur -
ar,
3
ug ), [ 1000 em
hours = DAevent [CITI2- BVEHJ [ L ]
'F ETeventrecac) [everd] >t (hours) thon SLy o ater.y o ger (WI/L) = —
cm ETavent-rac-adj [ew_ent] haurs 1 +35+382
Fax K, [ S0 - W2 .
P [hnur] 1+B even: [eveni] 7{1 . B)Z
whare:
U |= TR
Horont [cm2 evenl] B e ! I
—CSFo[kg'dgayJ events-cm? o [kg‘dgaY] events 2
GIABS ‘Dmrec-adj[ p ] SAfS “EvreC—c[W]“SArec-c [5355 em J
+
3b5 days L[1000 py N
ATreB[ L (70 years) e EW.g.. (15 kg) _I-lﬁl.mgI
whara:
s events |, . days 5
E\rem[ - ] ED g, o (6 yeurs) = EFo,. [WJ SAygp. (0365 )
+
DFW d'[M] = BW,c o (15 H9)
oo kg , events days
EVec-a [ Toy ]:EDrec_a (20 years) = Ech_a[W]zSArec_a [19652 wﬁ]
EF\|F'\1’P,':";_a [B[I kg)
and:
hours hours
eventrecad) Levent ED, ... (6 rears) +E0, (20 years)
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Trichloroethylene

Ingestion

TR*AT [35;"3’9 xLT (70 years)] * [M]

aL rec ar mg

rec-water.ice-ing("gﬂ-): 7 - :
CSF, [kg_day] *RBAX [[CAFD (0.804)xIFW,g ¢ o [Em +[MAFU (0202) < F WMo [k_g]]

where:

events days hours 012L
Evrec-c{ day ] * EDpgq ¢ (6 years)x EFrec-c[year]x ETrec-c[e\,em]*lRwrec-c[ hour ]
+

Ly_ E"I“"Frlac-c (15 kg)
'erec-adi kg )~ events days hours 0071L
Evrec-a [ day ] * EDrec—a (20 years)x EFrec-a [year]x ETrec-a [e\rent]x IRWre-:-a [ hour ]
Bwrec-a (BIJ kg)
where:
days 012L events hours
EDgo (2 years)xEFu_Q[Year]XIRWD_2[ hour ]:KE\fo_z[ dey ])«ETO_2 {e\rent}m .
EMIU_2 (15 kg)
days 012 L events hours
ED2_6 (4 )fears)xEFz_6 [year]xmw}s [ P ]XEVZ_B [ day ]"ET}B [evem] <3 .
FWM,g o agi [L] - BW, 5 (15 kg
ec-ati kg days 0071L events hours
EDg.1g (10 years)<EF; 1o [ Far]xIRWB'.lB[ hour JxEVEJB [ Tay ]:tETE_IE [event]xa .
BWs 15 (ElU kg)
days 0o71L events hours
EDyg.5 (10 years) <EF g ¢ [year ]"'R""ﬁ 626 [—hour J"E‘ﬁs-za[ &y ]"ET16-25 [—e\,em]”
EIW15_23 (BU kg)
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Dermal

| _[m o ]
io-peer|
= 1 Fgur L % - - = weenl )
Bl eventrocmads | avam ] St hoors] her e water 0e-cor WIS I heuns 7T
P {h_] B2t u“"’] F:wl ety ,h,“-,]
o
1000 o

)+ Ces unm[_'_l_h; ' —'_—]

¥ Elyypnmemay I\""‘"] >0 (Wours] 1000 PR G s iogader WOL) = hears)
A r Eevert rec 'Mﬂ nnl“.‘_. run _: ﬂn‘h‘
Kl.,ll.lul h ““‘“ n-‘f 1By
whare
TR« AT, [E“'“ruf’tm}] [ m"”
a3 = /
M‘““‘l [("2' ll'ﬂ'll

GLART kg

- -1
ceE || «
ol:-} !I:r] [“ (0804) = 0w, '*lwn ot )] [wn 0202) = '_"F"'Nret-ul[“m‘ c-r?]]]

(1

where:

f 3
BVecc [wu;-“]'cnrm (6 years) <EF, . :[d“:] Sﬂ'ﬂc‘: EJE‘S:M )

[muﬂ: . ﬂng] - t::-c [\l'5 I"'-'":l )

ré - ad) kg —

E\'m}a[ “35].5:.“_31:::“:“}.frfma[ J gg?&i(mmmf]
er:i [m h]:l

L

whee
[y E“"h.? [%] IEﬂn_J t? ¥ ir\e] 5 EFD-]‘ [%]l S""J-? (EH C‘f‘nz]:l i
5.2 (15 1a) -

Em_l&psng}

ooty

2
mvenls - om” | _ |
W""m:.:q[T]‘ ¢

BW; 15100 ke)

Bv-16 [e:::ﬂ]ﬂnamlm years) *51"545[%:3']-9.&5,15(1%52 :m:-’]-,'i]*

L

e

rE"HE.;s oy ]‘E'-'Ha.x('ﬂ yoirs) x EF, [’“:Jﬂﬂ&zs(lwg :nr]ﬂ
EWy5.2¢ (80 )

L]
and

’Eln-m-:tr: I:J-?}[::::] EDy.p (2 years) + me_m_.l: ] *EDo g |4 years)

heurs _ Elﬁ‘“'“l‘.ﬁm][lmﬂ] €16 (10 yoa15) mm1-rt~[lﬁ.15}[ﬁ} "ECyg.z6 (10 years]
evont-recw-mad arver-l] : EDig o (2 years) = EDy 5 [4 years) + EDg 4o (10 y2ars) +EDyg o (10 yeass)

ET

A1.5 Trespasser
The trespasser soil, sediment, and surface water scenarios are calculated using the recreator soil,
sediment, and surface water equations in section A1.4 with the following trespasser exposure defaults.
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Table A1.5-1 Trespasser Exposure Parameters

Symbol Description Value Units Sourc
e
AF0-02 Soil Adherence Factor - age segment 0-2 0.2 (mg/cm2) EPA
AF02-06 Soil Adherence Factor - age segment 2-6 0.2 (mg/cm2) EPA
AF06-16 Soil Adherence Factor - age segment 6-16 0.07 (mg/cm2) EPA
AF16-26 Soil Adherence Factor - age segment 16-26 0.07 (mg/cm2) EPA
AFsed0-02 | Recreator/Trepasser Sediment Adherence Factor - 0.3 (mg/cm2) DEQ
age segment 0-2 - Virginia DEQ
AFsed02- Recreator/Trepasser Sediment Adherence Factor - 0.3 (mg/cm2) DEQ
06 age segment 2-6 - Virginia DEQ
AFsed06- Recreator/Trepasser Sediment Adherence Factor - 0.2 (mg/cm2) DEQ
16 age segment 6-16 - Virginia DEQ
AFsed16- Recreator/Trepasser Sediment Adherence Factor - 0.2 (mg/cm2) DEQ
26 age segment 16-26 - Virginia DEQ
AFtrs-a Trespasser Soil Adherence Factor- adult 0.07 (mg/cm2) EPA
AFtrs-c Trespasser Soil Adherence Factor - child 0.2 (mg/cm2) EPA
AFtrs-sed- | Trespasser Sediment Adherence Factor - adult - 0.2 (mg/cm2) DEQ
a Virginia DEQ
AFtrs-sed- | Trespasser Sediment Adherence Factor - child - 0.3 (mg/cm2) DEQ
c Virginia DEQ
ATtrs Trespasser Averaging Time 365 (days/yr) EPA
ATtrs Trespasser Averaging Time: 365 x LT 25550 (days) EPA
ATtrs-a Trespasser Averaging Time - adult: 365 x EDtrs-a 7300 (days) EPA
ATtrs-c Trespasser Averaging Time - child: 365 x EDtrs-c 2190 (days) EPA
BWO0-02 Body Weight - age segment 0-2 15 (kg) EPA
BW02-06 Body Weight - age segment 2-6 15 (kg) EPA
BWO06-16 Body Weight - age segment 6-16 80 (kg) EPA
BW16-26 Body Weight - age segment 16-26 80 (kg) EPA
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Symbol Description Value Units Sourc
e

BWtrs-a Trespasser Body Weight - adult 80 (kg) EPA
BWtrs-c Trespasser Body Weight - child 15 (kg) EPA
DFSMtrs- Trespasser Soil Mutagenic Dermal Contact Factor - 29366. | (mg/kg) DEQ
adj age adjusted - Virginia DEQ calculated using age- 4

segment values
DFSMtrs- Trespasser Sediment Mutagenic Dermal Contact 50926. | (mg/kg) DEQ
sed-adj Factor - age adjusted - Virginia DEQ calculated 08

using age-segment values
DFStrs-adj | Trespasser Soil Dermal Contact Factor - age 7089.6 | (mg/kg) DEQ

adjusted - Virginia DEQ calculated using age-

segment values
DFStrs- Trespasser Sediment Dermal Contact Factor - age 14072. | (mg/kg) DEQ
sed-adj adjusted - Virginia DEQ calculated using age- 64

segment values
DFWMtrs- | Trespasser Surface Water Mutagenic Dermal 56171 (cm2- DEQ
adj Contact Factor - age adjusted - Virginia DEQ 2 event/kg)

calculated using age-segment values
DFWtrs- Trespasser Surface Water Dermal Contact Factor - 17901 (cm2- DEQ
adj age adjusted - Virginia DEQ calculated using age- 6 event/kg)

segment values
ED0-02 Exposure Duration - age segment 0-2 2 (yrs) EPA
ED02-06 Exposure Duration - age segment 2-6 4 (yrs) EPA
EDO6-16 Exposure Duration -age segment 6-16 10 (yrs) EPA
ED16-26 Exposure Duration -age segment 16-26 10 (yrs) EPA
EDtrs Trespasser Soil/Sediment Exposure Duration 26 (yrs) EPA
EDtrs-a Trespasser Soil/Sediment Exposure Duration - adult 20 (yrs) EPA
EDtrs-c Trespasser Soil/Sediment Exposure Duration - child 6 (yrs) EPA
EFtrs Trespasser Exposure Frequency - Virginia DEQ 24 (days/yr) DEQ
EFtrs0-02 Trespasser Exposure Frequency - age segment 0-2 - 24 (days/yr) DEQ

Virginia DEQ
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Symbol Description Value Units Sourc
e

EFtrs02- Trespasser Exposure Frequency - age segment 2-6 - 24 (days/yr) DEQ

06 Virginia DEQ

EFtrs06- Trespasser Exposure Frequency - age segment 6-16 24 (days/yr) DEQ

16 - Virginia DEQ

EFtrs16- Trespasser Exposure Frequency - age segment 16- 24 (days/yr) DEQ

26 26 - Virginia DEQ

EFtrs-a Trespasser Exposure Frequency - adult - Virginia 24 (days/yr) DEQ
DEQ

EFtrs-c Trespasser Exposure Frequency - child - Virginia 24 (days/yr) DEQ
DEQ

ETevent- Recreator/Trespasser Exposure Time - age segment 2 (hrs/event DEQ

rec/trs(0- 0-2 - Virginia DEQ )

02)

ETevent- Recreator/Trespasser Exposure Time - age segment 2 (hrs/event DEQ

rec/trs(02 2-6 - Virginia DEQ )

-06)

ETevent- Recreator/Trespasser Exposure Time - age segment 2 (hrs/event DEQ

rec/trs(06 6-16 - Virginia DEQ )

-16)

ETevent- Recreator/Trespasser Exposure Time - age segment 2 (hrs/event DEQ

rec/trs(16 16-26 - Virginia DEQ )

-26)

ETevent- Trespasser Surface Water Exposure Time - adult - 2 (hrs/event DEQ

trs-a Virginia DEQ )

ETevent- Trespasser Exposure Time - age adjusted - Virginia 2 (hrs/event DEQ

trs-adj DEQ calculated using age-segment values )

ETevent- Trespasser Surface Water Exposure Time - child - 2 (hrs/event DEQ

trs-c Virginia DEQ )

ETevent- Trespasser Exposure Time - mutagen age adjusted - 2 (hrs/event DEQ

trs-madj Virginia DEQ calculated using age-segment values )

ETrec/trsO Recreator/Trespasser Exposure Time - age segment 2 (hrs/day) DEQ

-02 0-2 - Virginia DEQ
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Symbol Description Value Units Sourc
e
ETrec/trsO | Recreator/Trespasser Exposure Time - age segment | 2 (hrs/day) DEQ
2-06 2-6 - Virginia DEQ
ETrec/trsO | Recreator/Trespasser Exposure Time - age segment | 2 (hrs/day) DEQ
6-16 6-16 - Virginia DEQ
ETrec/trs1 Recreator/Trespasser Exposure Time - age segment 2 (hrs/day) DEQ
6-26 16-26 - Virginia DEQ
ETtrs Trespasser Soil Exposure Time - Virginia DEQ 2 (hrs/day) DEQ
ETtrs-a Trespasser Exposure Time - adult - Virginia DEQ 2 (hrs/day) DEQ
ETtrs-c Trespasser Exposure Time - child - Virginia DEQ 2 (hrs/day) DEQ
ETtrs-sed Trespasser Sediment Exposure Time - Virginia DEQ 2 (hrs) DEQ
EV0-02 Events - age segment 0-2 1 (events/da | DEQ
y)
EV02-06 Events - age segment 2-6 1 (events/da | DEQ
y)
EV06-16 Events - age segment 6-16 1 (events/da | DEQ
y)
EV16-26 Events - age segment 16-26 1 (events/da | DEQ
y)
EVitrs-a Trespasser Events - adult - Virginia DEQ 1 (events/da | EPA
y)
EVitrs-c Trespasser Surface Water Events - child - Virginia 1 (events/da | DEQ
DEQ y)
IFMtrs- Trespasser Mutagenic Sediment Ingestion Rate - 11440 (mg/kg) DEQ
sed-adj age adjusted - Virginia DEQ calculated using age-
segment values
IFSMtrs- Trespasser Mutagenic Soil Ingestion Rate - age 11440 (mg/kg) DEQ
adj adjusted - Virginia DEQ calculated using age-
segment values
IFStrs-adj Trespasser Soil Ingestion Rate - age adjusted - 2520 (mg/kg) DEQ

Virginia DEQ calculated using age-segment values
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Symbol Description Value Units Sourc
e

IFStrs-sed- | Trespasser Sediment Ingestion Rate - age adjusted 2520 (mg/kg) DEQ
adj - Virginia DEQ calculated using age-segment values
IFWMtrs- Trespasser Mutagenic Surface Water Ingestion 15.111 (L/kg) DEQ
adj Rate - age adjusted - Virginia DEQ calculated using

age-segment values
IFWtrs-adj | Trespasser Surface Water Ingestion Rate - age 3.624 (L/kg) DEQ

adjusted - Virginia DEQ calculated using age-

segment values
INHMtrs- Trespasser Sediment Inhalation Exposure Duration 144 (days) DEQ
sed-adj Mutagen - age adjusted - Virginia DEQ calculated

using age-segment values
INHMtrs- Trespasser Soil Inhalation Exposure Duration 144 (days) DEQ
soil-adj Mutagen - age adjusted - Virginia DEQ calculated

using age-segment values
IRS0-02 Soil/Sediment Ingestion Rate - age segment 0-2 200 (mg/day) EPA
IRS02-06 Soil/Sediment Ingestion Rate - age segment 2-6 200 (mg/day) EPA
IRS06-16 Soil/Sediment Ingestion Rate - age segment 6-16 100 (mg/day) EPA
IRS16-26 Soil/Sediment Ingestion Rate - age segment 16-26 100 (mg/day) EPA
IRStrs-a Trespasser Soil Ingestion Rate - adult 100 (mg/day) EPA
IRStrs-c Trespasser Soil Ingestion Rate - child 200 (mg/day) EPA
IRtrs-sed- Trespasser Sediment Ingestion Rate - adult 100 (mg/day) EPA
a
IRtrs-sed- Trespasser Sediment Ingestion Rate - child 200 (mg/day) EPA
c
IRW0-02 Surface Water Ingestion Rate - age segment 0-2 0.12 (L/hr) EPA
IRW02-06 Surface Water Ingestion Rate - age segment 2-6 0.12 (L/hr) EPA
IRWO06-16 Surface Water Ingestion Rate - age segment 6-16 0.124 (L/hr) EPA
IRW16-26 Surface Water Ingestion Rate - age segment 16-26 0.0985 | (L/hr) EPA
IRWtrs-a Trespasser Surface Water Ingestion Rate - adult 0.11 (L/hr) EPA
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Symbol Description Value Units Sourc
e
IRWtrs-c Trespasser Surface Water Ingestion Rate - child 0.12 (L/hr) EPA
SAs0-02 Surface Area Soil/Sediment - age segment 0-2 2373 (cm2/day) EPA
SAs02-06 Surface Area Soil/Sediment - age segment 2-6 2373 (cm2/day) EPA
SAs06-16 Surface Area Soil/Sediment - age segment 6-16 6032 (cm2/day) EPA
SAs16-26 Surface Area Soil/Sediment - age segment 16-26 6032 (cm2/day) EPA
SAtrs-a Trespasser Soil Surface Area - adult 6032 (cm2/day) EPA
SAtrs-a Trespasser Surface Water Surface Area Surface - 19652 (cm2) EPA
adult

SAtrs-c Trespasser Surface Water Surface Area - child 6365 (cm2) EPA
SAtrs-c Trespasser Soil Surface Area - child 2373 (cm2/day) EPA
SAtrs-sed- | Trespasser Sediment Surface Area - adult 6032 (cm2/day) EPA
a

SAtrs-sed- | Trespasser Sediment Surface Area - child 2373 (cm2/day) EPA
c

SAwO0-02 Surface Area Water - age segment 0-2 6365 (cm2) EPA
SAw02-06 Surface Area Water - age segment 2-6 6365 (cm2) EPA
SAw06-16 Surface Area Water - age segment 6- 16 19652 (cm2) EPA
SAw16-26 Surface Area Water - age segment 16- 26 19652 (cm2) EPA
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A1.6 Vapor Intrusion (VI) Equation
Vapor Intrusion (VI) evaluation relies on multiple lines of evidence. Soil gas screening values are
calculated by dividing the indoor air screening level by an attenuation factor of 0.03 (unitless) for
shallow/sub-slab soil gas, and 0.01 for deep soil gas. Sub-slab/shallow soil gas concentration units are
ug/m3. These values are valid only for the screening levels module. VURAM'’s quantitative hazard/risk
calculations are based on contaminant concentrations in indoor air. The construction worker scenario
follows appendix A2.0 calculations for groundwater inhalation and trench soil gas. Screening levels for
groundwater VI are developed as calculated below. Groundwater VI screening levels for both
residential and industrial receptors are computed for the groundwater medium, NOT the air medium.

Screening level units are pg/L.

Slgw
HLC x AFgw X cf)

Where:

ngw
level for groundwater

SLtarget, ia
specific indoor air screening value

AFgW
groundwater attenuation factor

HLC

groundwater temperature

cf
conversion factor

= S I—target, ia / (
ug/L

= screening
ug/L

= chemical-
pg/m3

= 0.001
unitless

dimensionless Henry’s Law Constant at specified
Unitless

= 1000
L/m?3

A1.7 Soil Screening Level (SSL) Groundwater Dilution Attenuation Factor (DAF) Equations
The SSL for groundwater is computed using a DAF value multiplied by the chemical specific target
concentration equation. For the risk-based SSL, the groundwater (residential tapwater) screening level
is used. For the MCL-based SSL, the MCL value is used. The soil-water partition equation for the
migration to groundwater depends on whether the chemical is organic or inorganic. Under RCRA
corrective action, screening is DAF-1, or C; X 1 = C;. For VRP, the SSL is DAF-20, calculated as C; x 20.
DAF equations are from Soil Screening Guidance Technical Background Document Part 2 (EPA, 1996a).

Inorganic C;
Ow + 04 HI)/pb]}

Organic C,
+[(Ow+0aH")/ps]}

Where:

G
level in soil SSL DAF

= Cw { Kd + [(
mg/kg

= Cw { (Koc foc )
mg/kg

= screening
mg/kg
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Cw = target

groundwater (soil leachate) concentration ug/L
Kq =
chemicalspecific soil-water partition coefficient
L/kg
BOw = 0.3 (30%)
water-filled soil porosity unitless
SH = 0.13 air-
filled soil porosity unitless
H' = chemical-
specific dimensionless Henry's law constant unitless
Koc = chemical-
specific soil organic carbon-water partition coefficient L/kg
foc = 0.002 (0.2%)
organic carbon content of soil unitless

A1.8 Algebraic Process Example for Solving for Quantitative Hazard/Risk Calculations
Computation of quantitative hazard/risk levels requires solving algebraically for total hazard quotient
(THQ)total risk (TR) with chemical concentrations (CON) in place of the screening level term to obtain a
hazard quotient/risk level.

The following examples use the residential soil equations for both hazard quotient (noncarcinogenic)
child and carcinogenic risk for the ingestion exposure pathway. Numeric values are excluded for
mathematical clarity. A complete list of VURAM exposure defaults for each receptor is presented in the
tables at the beginning of each receptor section in this appendix.

EPA RSL User’s Guide provides the equation for calculating screening level in the following format:

THQ x ATressc x EDrese x BWressc

EFresse x EDressc x :{:;fﬂ x IRSressc x 10 °

SLres — soil — ne — inge

The hazard quotient (HQ) is obtainted by algebraic rearrangement to solve for THQ where the SL term
is reassigned as concentration (CON):
EFressc x EDressc x % x IRSressc x 10 °

ATressc x EDressc x BWressc

HQres — soil — ne —inge = CON x

EPA RSL User's Guide provides the equation for calculating the screening level in the following format:
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TR x ATress x LT
CSFo x RBA x IFSres —adj x 10 °

SLres — soil — ¢ — ing =

Risk level is calculated in the following formula by solving for TR where the SL term is reassigned as
concentration (CON):

CSFo x RBA x IFSres —adj x 10 °

Riskres — soil — ¢ —ing = CON x ATress x LT
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A2.0. Construction Worker Trench Model

There are no well-established models available for estimating migration of volatiles from groundwater
into a construction/utility trench. Virginia DEQ recommends the following trench model, developed by
Virginia DEQ, for evaluating construction groundwater and soil gas. This approach is incorporated into
the screening levels module of VURAM and used to calculate hazard/risk values for the construction
study area in the quantitive module. As construction workers are presumed to be adults, age-adjusted
and mutagenic equations, as well as TCE and VC specific equations, do not apply to the construction
worker computations.

Both models are based on a two-step process. First, a simple fate and transport equation of a vadose
zone model to estimate volatilization of gases (emission flux of VOCs) from contaminated groundwater
into the air of the trench. Then a box model is used to estimate dispersion of the contaminants from
the air inside the trench into the above-ground atmosphere to estimate the EPC for airin a
construction trench (Cy..r). For chemicals that are not included in the RSL table, calculate EPCs for air in
a construction trench following the soil gas equations. Provide references for all chemical-specific
parameters used.

In October 2017, Virginia DEQ revised the parameterization of the soil gas equations underlying the
Construction Worker Trench Model. During a review of the equations and approaches utilized in the
Virginia DEQ’s construction worker trench model, risk assessment staff identified the need for a
modification to the soil gas trench model that evaluates risks from soil vapor to construction workers in
a trench. Currently, Virginia DEQ’s application of the groundwater trench model assumes that the
distance from the bottom of the trench to a vapor source is 31 cm. This value is adjusted to 1 cm for
the soil gas trench model; this change applies ONLY to the soil gas portion of the trench model. This
modification is made because soil gas analytical results are direct measurements of vapors within the
soil column that could be directly adjacent to the trench and diffusing directly through the trench walls.
It is a reasonable assumption that the contaminated source materials or soil gas would intersect with
the trench walls. The change is also consistent with EPA’s recent acknowledgment that contaminated
groundwater is not the only source of vapor and that soils saturated with volatiles can also be a
significant driver of vapor contamination (EPA VI Guidance, HRS Scoring). As a result, there is a
substantial change in the construction worker soil gas screening levels. Modifying the model in this way
provides a more accurate representation of both exposures and risks to construction workers in these
scenarios, and is consistent with other regulatory agencies’ approaches and their application of Virginia
DEQ’s Construction Worker Trench Model.

Virginia DEQ’s Construction Worker Trench Model (groundwater) has been adopted by other state
agencies because it captures scenarios involving the exposure of a construction worker to vapors from
contaminated groundwater. With the 2017 revision of the soil gas portion, the Construction Worker
Trench Model also captures scenarios involving exposure to gases directly measured in the trench and
incorporates vapor concentrations directly measured in the subsurface. The Virginia DEQ Construction
Worker Trench Model (for groundwater and soil gas) was reviewed by Contaminated Sites Approved
Professionals of British Columbia (CSAP) Society in October, 2012 (Meridian, 2012).
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Table A2.0-1 Trench Exposure Parameters

Symbol Description Value Units Source

TR-ACH Trench Air Changes per Hour - Virginia 2 (h)-1 DEQ
DEQ

TR- Trench Advection Coefficient 0.25 (cm3/cm3) DEQ

ACvad Groundwater greater than 15ft - Virginia
DEQ

TR-CF1 Trench Conversion Factor-1 0.001 (L/cm3) DEQ

TR-CF2 Trench Conversion Factor-2 10000 (cm2/m2) DEQ

TR-CF3 Trench Conversion Factor-3 3600 (s/hr) DEQ

TR-CF4 Trench Conversion Factor-4 1000000 (cm3/m3) DEQ

TR-D-dir | Trench Depth - groundwater less Than 2.44 (m) DEQ
15ft - Virginia DEQ

TR-D-ind | Trench Depth - groundwater greater 4.57 (m) DEQ
than 15ft - Virginia DEQ

TR-Dsg Trench - Depth to soil gas vapor source - 1 (cm) DEQ
Virginia DEQ

TR-EFcw | Trench Construction Worker Exposure 125 (days/yr) DEQ
Frequency - Virginia DEQ

TR-ETcw | Trench Construction Worker Exposure 4 (hrs/day) DEQ
Time - Virginia DEQ

TR-EVcw | Trench Construction Worker Events - 1 (events/day) | DEQ
Virginia DEQ

TR-F Trench Fraction of floor through which 1 (unitless) DEQ
contaminant can enter - Virginia DEQ

TR-HV Trench Thickness of Vadose Zone - 30 (cm) DEQ
groundwater greater than 15 ft -
Virginia DEQ

TR-IRcw Trench Construction Worker 0.02 (L/day) DEQ

Groundwater Ingestion Rate - Virginia
DEQ
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Symbol Description Value Units Source

TR- Trench Gas-phase mass transfer 0.833 (ecm/s) DEQ
KGH20 coefficient of water vapor at 25deg C -
Virginia DEQ
TR-KLO2 | Trench Liquid-phase mass transfer 0.002 (cm/s) DEQ
coefficient of oxygen at 25deg C -
Virginia DEQ
TR-L Trench Length - Virginia DEQ 2.44 (m) DEQ
TR-Lgw Trench Depth to groundwater - Virginia 488 (cm) DEQ
DEQ
TR- Trench Molecular Weight of Water - 18 (unitless) DEQ
MWH20 | Virginia DEQ
TR- Trench Molecular Weight of Oxygen - 32 (unitless) DEQ
MWQO2 Virginia DEQ
TR- Trench Porosity in Vadose Zone - 0.44 (cm3/cm3) DEQ
Porvad groundwater greater than 15ft - Virginia
DEQ
TR-R Trench Ideal Gas Constant - Virginia DEQ 0.000082 (atm- DEQ
m3/mol-K)
TR- Trench Temperature Fahrenheit - 77 (F) DEQ

Temp-F Virginia DEQ

TR- Trench Temperature - Virginia DEQ 298 (K) DEQ

Temp-K

TR-W Trench Width - Virginia DEQ 0.91 (m) DEQ

TR-W/D Trench Width to Depth Ratio - Virginia 0.38 (unitless) DEQ
DEQ

A2.1 Groundwater
Two exposure scenarios are evaluated based on the site-specific depth of the groundwater: indirect
contact based on contaminant transport through the vadose zone groundwater depth greater than 15
feet and direct contact based on groundwater pooling in the trench groundwater depth less than or
equal to 15 feet. Two unique volatilization factors (VF) are computed for each chemical. For indirect
contact, where the groundwater is greater than 15 feet, the VFg equation (2-2) is used. For direct
contact, where the groundwater is less than 15 feet, VF; equation (2-4) is applied. Virginia DEQ
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
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Virginia DEQ project manager and risk assessor to discuss the appropriate assumptions for site-specific
parameters.

Equations (2-2) or (2-4) are used to calculate chemical-specific VFi; and VFg. Residential groundwater
equations for noncancer adult and cancer, found in appendix A1.1.2, and construction worker
exposure values, are used to compute screening levels or hazard/risk values. The appropriate
groundwater VF (VF or VFg) replaces the Andelman Volatilization Factor (K=0.5) in the residential
groundwater equations.

Airborne concentration of a contaminant in a trench can be estimated using Equation 2-1:

Ctrench=Cew % VF (2-1)
Where:

Definition Units
Ctrench=concentration of contaminant in the trench ug/m3
C.w=concentration of contaminant in groundwater ug/L
VF=volatilization factor see equations 2-2 and 2-4 (chemical-specific) L/m

A2.1.1 Groundwater Greater Than 15 Feet Deep

VF=(Hi X Dair X ACyag>** x Ax Fx 103 x 10*x 3600 ) / (RXx T X Ly x ACH x V X Porya¢?) (2-2)
Where:

Definition Units

H.= Henry's Law constant for contaminant (RSL atm-m3/mol

table)

D.ir = diffusion coefficient in air (RSL table) cm?/s

AC...= volumetric air content in vadose zone soil cmi3/cm3

A = area of trench m?

F = fraction of floor through which contaminant unitless

can enter

R = ideal gas constant

atm-m3/mole-K

T = average system absolute temperature K
L, = distance between trench bottom and cm
groundwater equation 2-3

ACH = air changes per hour ht
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Definition Units

V = volume of trench m3

Por... = total soil porosity in vadose zone cm3/cm?
10 = conversion factor L/cm?3
10* = conversion factor cm?2/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 lll, Virginia
DEQ has assumed an ACH in this case of 2/hr -- based upon measured ventilation rates of buildings.

Ld = Lgw - Drench (2-3)
Where:
Definition Units
Lgw = depth to groundwater cm
Dtrench = depth of trench cm

A2.1.2 Groundwater Less Than or Equal to 15 Feet Deep

If the depth to groundwater at a site is less than 15 feet, DEQ 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. Virginia
DEQ 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. Equation (2-4) is used to calculate
VFi.

VF=(KxAxFx103x10*x3600)/(ACHxV) (2-4)

Where:
Definition Units
K: = overall mass transfer coefficient of cm/s

contaminant equation 2-5

VURAM User Guide| Virginia DEQ | 1111 E. Main St., Suite 1400 Richmond, VA 23219

156



Definition
A = area of the trench

F = fraction of floor through which contaminant
can enter

ACH = air changes per hour
V = volume of trench

103 = conversion factor

104 = conversion factor

3600 = conversion factor

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, DEQ has
assumed an ACH in this case of 2/hr based upon measured ventilation rates of buildings.

Ki=1/{(1/kd)+[(RT)/ (Hikic)]
Where:
Description

ki = liquid-phase mass transfer coefficient of i
equation 2-6

R = ideal gas constant
T = average system absolute temperature
H: = Henry's Law constant of i

Kic = gas-phase mass transfer coefficient of i
(Equation 3-7)

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

temperature.
kit = (MWo2/MW;)"0.5 x (T/298) x ki02
Where:

Description

ki = liquid-phase mass transfer coefficient of
component i
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mZ

unitless

ht
m3
L/cm3

cm?/m?

s/hr

(2-5)

Units

cm/s

atm-m3/mol-K
K
atm-m3/mol

cm/s

(2-6)

Units

cm/s
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Description Units
MW, = molecular weight of O, g/mol
MW, = molecular weight of component i g/mol

ki, 02 = liquid-phase mass transfer coefficient of cm/s
oxygen at 25°C

The value of k,, O, is 0.002 cm/s.

kic = (MWh20/MW;)20.335 x (T/298)"1.005 x ke,

H20(2-7)

Where:
Definition Units
kic = gas-phase mass transfer coefficient of cm/s
component i
MW, = molecular weight of water g/mol
ke, 20 = gas-phase mass transfer coefficient of cm/s

water vapor at 25°C
The value of ks, H,O is 0.833 cm/s.
(Superfund Exposure Assessment Manual, EPA, Office of Remedial Response, April, 1988.)

A2.2 Soil Gas
This model can be used to estimate the contaminant concentration in soil vapor (Cs,) partitioning from
the groundwater concentration. The contaminant is then transported by diffusion to the trench base or
face (where applicable) and diluted by mixing within the trench. In order to accommodate the
assumption that the construction worker could intersect with the sample collection depth, distance
between the trench bottom and vapor source (Lg) is modified to 1cm.

A unique, chemical-specific, dimensionless volatilization factor for soil vapor (VFs) is developed based
on the groundwater VFg equation (2-2). Trench dimensions remain consistent with groundwater
equations. Apply the construction exposure parameters to the residential air equations for noncancer
adult and cancer, found in appendix A1.1.3. The resulting hazard/risk is multiplied by the chemical-
specific VF as an attenuation factor to obtain a final hazard/risk value. Screening values are likewise
computed by using the residential equations and then dividing by VFs. The final screening value is the
lower of the calculated noncancer/cancer screening values.

Soil gas volatilization factor is based on groundwater depth greater than 15 feet, equations (2-1) and
(2-2). Combining these two equations yields:

Ctrench = Caw X ( Hi X Dair X ACyad®** x Ax F x 103 x 10*x 3600 ) / (R x T x Ly x ACH x V x Poryaq?)

Where:
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Definition Units

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

D.ir = diffusion coefficient in air (RSL table) cm?/s
AC... = volumetric air content in vadose zone soil cm3/cm3
A = area of trench m?

F = fraction of floor through which contaminant unitless

can enter

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

L, = distance between trench bottom and cm

groundwater equation 2-3

ACH = air changes per hour ht

V = volume of trench m3

Por... = total soil porosity in vadose zone cm3/cm?
103 = conversion factor L/cm3
10* = conversion factor cm?/m?
3600 = conversion factor s/hr

Soil gas concentrations are estimated from groundwater concentrations using the following equations:

Csg = HLC X Caw (2-8)
HLC=Hi/RxT (2-9)
Where:

Definition Units

Csg = concentration in soil gas (ug/m3)

HLC = dimensionless Henry’s Law Constant (unitless)

Combining equations (2-8) and (2-9) and solving for the groundwater concentration yields:

Cew =Csg x [(RxT) / H] (2-10)
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Substituting equation (2-10) in trench concentration equation yields:

Ctrench = Csg X [( RX T) / Hi] X [( Hi X Dair X ACyaa>** x Ax Fx 103 x 10 % 3600 ) / (Rx T x Ly x ACH x V x
Porvadz)] (2'11)

Equation (2-11) simplifies to the following:
Ctrench = ng X [(Dair X ACvad3'33 X A X F X 104 X 3600 ) / (Ld X ACH X V X Porvadz X 106)] (2'12)

Since the concentation in the trench is equal to the soil gas concentration times VF.,:

VFsy = (Dair X ACyad®33 x A x F x 10% x 3600 ) / (Lg X ACH x V x Poryag® x 10°)] (2-13)
Where:

Definition Units

D.ir = diffusion coefficient in air (RSL table) cm?/s

AC... = volumetric air content in vadose zone soil cm3/cm3
A = area of trench m?

F = fraction of floor through which contaminant unitless
can enter

L, = distance between trench bottom and cm
groundwater assumed to be 1

ACH = air changes per hour ht

V = volume of trench m3

Por... = total soil porosity in vadose zone cm3/cm?
10° = conversion factor cm3/m?3
10* = conversion factor cm?/m?
3600 = conversion factor s/hr

A3.0 Chemical Notes

Several chemicals have special circumstances for calculation in screening, quantitative risk assessment,
or both. The following notes are repeated throughout this User Guide in the relevant content sections.
They are compiled here for quick reference.

A3.1 Trihalomethanes (THMs) and Haloacetic Acids (HAASs)
The individual trihalomethanes (bromodichloromethane; bromoform; dibromochloromethane,
chloroform) all have the MCL of 80 ug/L listed in the RSL table. However, 80 ug/L is the MCL for Total
Trihalomethanes. The individual haloacetic acids (dichloroacetic acid, trichloroacetic acid, chloroacetic
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acid, bromoacetic acid, and dibromoacetic acid) all have the MCL of 60 pg/L listed in the RSL table.
However, 60 pg/L is the MCL for Total haloacetic acids.

These MCL are based on the ability of public water suppliers or treatment systems to maintain certain
chlorine levels to control bacteria and other pathogens. Virginia DEQ current policy allows for the use
of MCLs as the final acceptable value for closures and as GPS. Facilities may be allowed to use the MCL
for total THMs or total HAAs, provided that the sum of detected concentrations and the detection
limits (for non detects) is below the MCL value of 80 pg/L or 60 pg/L respectively.

A3.2 Lead
VURAM'’s quantitative risk assessment module does NOT perform an evaluation for lead exposure.
However, VURAM does include lead in the screening for soil and groundwater. EPA guidance updated
April. 2024 establishes a screening value for lead in soils is 200 mg/kg and if other sources of lead are
present, the screening level is 100 mg/kg and 800 mg/kg for industrial. Details are available in the
Updated Residential Soil Lead Guidance for CERCLA Sites and RCRA Corrective Action Facilities.

Lead does not have an MCL; however, EPA assigns an action level based on treatment technology,
which serves as an MCL for screening. This action level is propagated to the residential tapwater
screening level for lead in RSL.

A3.3 Refractory Ceramic Fibers and Asbestos
The ATSDR chronic RfC for refractory ceramic fibers is presented in units of fibers/cm? (0.03
fibers/cm3). The RfC presented in the RSL tables and calculator is converted to units of fibers/m? (3E+04
fibers/m3), to be consistent with all other chemicals where the RfC unit is mg/m3. When the chronic RfC
is used in the standard RSL air inhalation equations, the resulting units are not in ug/m?3 like all the
other chemicals, rather the units are in fibers/m3. RSLs are only calculated for air as the medium. The
air values in the RSL table are calculated using the equations provided in equations for residential and
industrial receptors. The units for the MCL for asbestos are in millions of fibers per liter (MFL).

A3.4 Mercury Inhalation

The inhalation pathway and VI scenarios for mercury use screening levels for elemental mercury, CAS
7439-97-6.

A3.5 Chrome

In the absence of speciation data, assume that all chromium concentrations are in the hexavalent form,
chromium VI, CAS 18540-29-9.

A3.6 Methyl Mercury
For surface water screening methyl mercury, CAS 22967-92-6, concentrations are in mg/kg instead of

ug/L. This fish tissue residue criterion for methylmercury is based on a total fish consumption rate of
0.0175 kg/day.

A3.7 Total Petroleum Hydrocarbons (TPHs)
The hazard and health risk assessments require some level of understanding of the hydrocarbon

chemical composition present in the contaminated media. Traditional TPH measurement techniques,
however, provide no specific information about the detected hydrocarbons. Because TPH is not a
consistent entity, the assessment of health effects and development of toxicity values for mixtures of
hydrocarbons are problematic, do not use total TPH values for risk assessment purposes.
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A3.8 Per- and Polyfluoroalkyl Substances (PFAS)
In April, 2024 EPA issued the final National Primary Drinking Water Regulation for 6 PFAS. MCLs were

added for perfluorooctanesulfonic acid (PFOS), perfluorooctanoic acid (PFOA), perfluorohexanesulfonic
acid (PFHxS), hexafluoropropylene oxide dimer (HFPO-DA), perfluorononanoic acid (PFNA), and
perfluorobutanesulfonic acid (PFBS) (Per- and Polyfluoroalkyl Substances (PFAS). (Per- and
Polyfluoroalkyl Substances (PFAS) Final PFAS National Primary Drinking Water Regulation. EPA, 2024).

The MCLs are associated with any form of these six PFAS (acid, ion, or salt) but are listed in the Federal
Register Notice with the ion forms of these PFAS. However, in the May 2024 RSL, the MCLs are
associated with the acid forms. In November 2024, the MCLs will be added to the ion forms of these
PFAS; they will remain with the acid forms as well.

For mixtures containing at least two or more of PFHxS, PFNA, HFPO-DA, and PFBS use a Hazard Index
MCL to account for the combined and co-occurring levels of these PFAS in drinking water; total HI = 1.
This may be computed as the site wide Hl in a VURAM quantitative evaluation.

A3.9 Proxy Chemicals
VURAM includes proxy values for some chemicals with similar toxicity properties. These values are not
applied to surface water screening. However, in accordance with the human health criteria table, the
screening value for PCBs is applied to all PCBs (i.e., the sum of all congeners or all isomers or homologs
or aroclors). For surface water screening under both RCRA and VRP, both EPA and Virginia water
quality criteria are used. Refer to section 2.5.1 for screening criteria.

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.” Proxy chemicals update
chemical-specific values to selected target chemicals. All screening values and toxicity values are
included in the proxy chemical update. Chemical properties are NOT updated as proxy values. As a
result, hazard/risk values are not computed for target chemicals unless all necessary chemical
properties are available. Screening values are directly populated by proxy.

Table 3.1-1 Proxy Chemical Updates

Target Chemical Target CAS Proxy Chemical Proxy 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
delta-BHC 319-86-8 alpha-BHC (Hexachlorocyclohexane, Alpha-) |319-84-6
Endosulfan | |959-98-8 Endosulfan |115—29—7
Endosulfan II 33213-65-9 Endosulfan 115-29-7
Endrin Aldehyde 7421-93-4 Endrin 72-20-8
Endrin Ketone 53494-70-5 Endrin 72-20-8
isopropyltoluene 99-87-6 Isopropylbenzene (cumene) 98-82-8
Aroclor-1262 37324-23-5 Polychlorinated Biphenyls (high risk) 1336-36-3-Hi
Total PCBs 1336-36-3Total [Polychlorinated Biphenyls (high risk) 1336-36-3-Hi
Aroclor-1268 11100-14-4 Polychlorinated Biphenyls (high risk) 1336-36-3-Hi
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Target Chemical Target CAS Proxy Chemical Proxy CAS

Phenanthrene 85-01-8 Pyrene 129-00-0
IAcenaphtherne |208-96-8 |Pyrene |129—00—0
‘Benzo(g,h,i)perylene |191-24-2 ‘Pyrene ‘129-00—0

A3.10 Chemical Abstract Service Registration Number (CAS RN) Substitutes
Beginning in June 2017, the EPA began issuing an identification number for some RSL analytes which
had previously been assigned a CAS value of “na”. This E# can be found at the Substance Registry
Service (SRS). CAS RN and EPA Identification numbers are used wherever available. For chemicals that
have no CAS RN, or have a duplicate CAS RN with distinct chemical properties, an unofficial value is
assigned in the CAS column of VURAM (e.g., cadmium, which has different properties in soil than
water).

Table 3.2-1 EPA Identification Number CAS RN Substitutions

Analyte CAS No
Dinitrotoluene Mixture, 2,4/2,6- E1615210
Diesel Engine Exhaust E17136615
JP-7 E1737665
Dibutyltin Compounds E1790661
Thiocyanates E1790665
Total Petroleum Hydrocarbons (Aliphatic Low) E1790666
Total Petroleum Hydrocarbons (Aliphatic Medium) E1790668
Midrange Aliphatic Hydrocarbon Streams E1790669
Total Petroleum Hydrocarbons (Aliphatic High) E1790670
Total Petroleum Hydrocarbons (Aromatic Low) E1790672
Total Petroleum Hydrocarbons (Aromatic Medium) E1790674
Total Petroleum Hydrocarbons (Aromatic High) E1790676
Tributyltin Compounds E1790679
Toxaphene, Weathered E1841606
Hexane, Commercial E5241997
Potassium salts of inorganic phosphates E524680403
Sodium salts of inorganic phosphates E524680404
Aluminum salts of inorganic phosphates E524680405
Coke Oven Emissions E649830
Nitrate + Nitrite (measured as nitrogen) E701177
Chloramines, Organic E701235
Nickel Refinery Dust E715532
Refractory Ceramic Fibers (units in fibers) E715557
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Table A3.2-2 DEQ CAS RN Substitutions

Analyte

CAS

Polychlorinated Biphenyls (high risk)

1336-36-3-High

Polychlorinated Biphenyls (low risk)

1336-36-3-Low

Polychlorinated Biphenyls (lowest risk)

1336-36-3-Lowest

Total PCBs

1336-36-3Total

Chromium(lll), Insoluble Salts

16065-83-1-Insoluble

Chromium(Ill) (Soluble Compounds)

16065-83-1-Soluble

2,3,4,6-tetrachlorophenol, sodium salt

255675-5-9

Lead and Compounds (with other sources of lead present, see Guidance)

7439-92-1-Other

Lead and Compounds

7439-92-1-Single

Manganese (Diet)

7439-96-5-Diet

Manganese (Non-diet)

7439-96-5-NonDiet

Cadmium (Diet)

7440-43-9-Diet

Cadmium (Water)

7440-43-9-Water

Creosote

Creosote

Endrin metabolites

Endrin-Metab

Ethylenebisdithiocarbamic acid, salts and esters

Etybisdithiocarb-salts

Heptochlorodibenzofurans

Hexdibenzfur

Heptachlorodibenzo-p-dioxins

Hexdibenz-p-diox

Nicotine salts

Nico-salt

Nitrogen mustard, hydrochloride salt

Nmust-HCl-salt

Nitrogen mustard, N-oxide, hydrochloride salt

Nmust-Nox-HCl-salt

Pentachlorodibenzofurans

Pentchlordibenzfur

Phthalic acid esters, N.O.S.

Phth-Acd-Estr

Polychlorinated dibenzo-p-dioxins; PCDD's

Polychlordibenz-p-diox

Saccharin salts

Sacch-salts

Tetrachlorodibenzofurans

Tetchldibenzfur

Tetrachlorodibenzo-p-dioxins

Tetchldibenz-p-diox
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