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EXECUTIVE SUMMARY

The Plan for Prevention of Contaminant Dispersion (PPCD) is a "primary
document" specified under the Interagency Agreement (IAG) between the
Environmental Protection Agency (EPA), the Colorado Department of Health
(CDH), and the Department of Energy (DOE) Rocky Flats Operations.

The technical scope of work as presented in the IAG has two primary

functions: (1) The PPCD shall provide a management plan to prevent airborne

transport of hazardous or dangerous materials; and (2) The PPCD shall include a
_proposal to evaluate the potential for and risk of windblown contaminants from the
i

| Rocky Flats Plant (RFP).

!

The applicability of the PPCD to intrusive field activities conducted as part of
a RCRA Facility Investigation/Remedial Investigation (RFI/RI) or Interim Remedial
Action (IM/IRA) consists of four key components: (1) establishment of soil
threshold levels, (2) assessment/selection of preventive measures, (3) establishment

of a monitoring plan, and (4) development of an implementation plan.

The PPCD presents criteria for designating intrusive RFI/RI or IM/IRA
activities at site locations as Stage 1 or Stage 2. Risk-based soil thresholds for
contaminants are derived as a function of activity to be conducted and distance from

the site boundary. The application of these soil thresholds is based on public

protection criteria; however, implementation of the required control measures and

airborne monitoring will ensure that the workers are protected as well.

Activities conducted under Stage 1 are performed at site locations which have
soil data indicating contaminant concentrations do not exceed the established soil

thresholds. The Stage 1 contaminant dispersion control measures will include the

—wdl @R G
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following: establishing wind speed thresholds, water spray soil applications, waste pile
covering, and general administrative control measures such as vehicular speed
limitations. The effectiveness of such controls will be measured by occupational
health and safety real-time particulate and vapor monitors, soil moisture gauges, and

anemometers.

Activities conducted under Stage 2 are performed at locations where RFI/RI
intrusive activities such as IM/IRAs will require additional preventive measures and
airborne contaminant monitoring. The Stage 2 dispersion control measures will
consist of Stage 1 methods plus additional suppression techniques such as extensive
wetting, wind screens, spray curtains or paving. The selection of any particular
technique will depend on the activity performed and the effectiveness and/or
implementability of the technique under consideration. In addition to real time
monitoring, air sampling provides an integrating record of the dust concentrations

during the work activities.

Site-specific implementation plans and monitoring programs will be developed
to verify proper execution and effectiveness of the control measures applied. Work
will cease when the monitoring indicates unacceptable airborne concentrations of
contaminants. Work will only resume these concentrations have been reduced to

acceptable levels.

The PPCD has been developed through a working committee consisting of
representatives from EPA, CDH, DOE, and EG&G. The technical approach and
compliance measures that form the basis of this document were jointly discussed

through a series of working group sessions.
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1.0 INTRODUCTION

1.1 Background

The Rocky Flats Plant (RFP) is a federally owned nuclear weapons research,
development, and production complex situated on 6,550 acres of federal property 16
miles northwest of downtown Denver, Colorado. The plant is managed and operated
by EG&G Rocky Flats, Inc. (EG&G), a contractor to the U.S. Department of Energy
(DOE). In August of 1990, the State of Colorado, the Environmental Protection
Agency (EPA), and the Colorado Department of Health (CDH) entered an
agreement with the U.S. Department of Energy (DOE) to ensure thorough
investigation and appropriate response actions to environmental impacts and to
ensure compliance with the Resource Conservation and Recovery Act and the
Colorado Hazardous Waste Act. Under the terms of the Inieragency Agreement
(IAG), the site is broken into 16 operable units (OU) containing 187 Individual
Hazardous Substance Sites (IHSS). Each IHSS has a unique set of contaminants

ranging from a single hazardous substance to multiple potential contaminants

(radionuclides, volatile organics, metals, and semivolatiles).

The Plan for Prevention of Contaminant Dispersion (PPCD) is a primary
document mandated by the IAG. The general guidance provided in the IAG led to
several draft versions of the PPCD.

The PPCD purpose was clarified to address the wording of the IAG:

The PPCD shall provide for the management of wastes associated with
sites in such a manner as to prevent windblowing of hazardous or
dangerous materials through techniques such as soil cover over
hazardous and dangerous materials and/or use of appropriate wetting
techniques which DOE shall include as part of the Plan, a proposal to
evaluate the potential for and risk of windblown inorganic, radioactive,
and organic hazardous constituents released from sites at the Rocky
Flats Plant. . .
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The PPCD draft version 1.0 was reviewed by the Colorado Department of Health
(CDH) and the Environmental Protection Agency (EPA) Region VIII. The review
resulted in a revised approach to develop a more project-specific plan with a defined
purpose. A working group was formed to jointly develop a document addressing the
intent of the IAG PPCD. The working group consisted of representatives from the
following organizations: Colorado Department of Health (CDH), EPA, DOE, and
EG&G. Approximately every three to four weeks, meetings were held to discuss the
technical approach to fulfilling the purpose of the PPCD.
| | |

Upon review of the initial PPCD Draft (Version 2.0) EPA commentors
(EPA/CDH 1991) recommended the following:

|

i
An acceptable Plan will institute appropriate standards and procedures,
establish monitoring programs, to verify the effectiveness of implementation
procedures, establish decision processes, and specify actions that will be taken
based on those decisions.

The clarification of the PPCD purpose was provided during the working group
meetings. This plan, addressing the above-stated purpose in an easy to follow
manner, will ensure that the public is protected by a site- and contaminant-specific
plan to evaluate and prevent unacceptable hazards resulting from windblowing of

hazardous or dangerous materials.

The PPCD has been organized in the following manner: Section 2.0 contains
the entire plan in three subsections and includes a synopsis of the appendices.
Section 2.1 provides the specific components of the PPCD. Section 2.2 includes a
specific example of how the PPCD is intended to work. Section 2.3 describes the
administrative responsibilities flor executing the PPCD. The appendices which follow

include the calculations, assumptions, and conclusions which contain significant




information to support the various aspects of the PPCD. The document has been

written for the lay public as well as the direct users.

This document has been developed from a working group approach and is
considered to be a "final PPCD". A final responsiveness summary addressing public
comments will be developed after the public has had an opportunity to thoroughly
evaluate and publicly comment as stated in the IAG. The RFP Community Relations
Plan will be the means for public involvement, awareness and communication

regarding the approval and implementation of the PPCD.

1.2 Scope and Application

The PPCD has been developed to ensure that the public is protected from the
potential increased health risk associated with inhaling windblown hazardous or
dangerous constituents from RFP. Several other federally mandated studies involve
a similar scope of work; however, each study is directed at a specific stage of the
RFI/RI process. The scope of the PPCD is to address the potential off-site public
health hazards resulting from intrusive actions occurring during the RCRA Facility
Investigation/Remedial Investigation (RFI/RI) and Interim Remedial Action
(IM/IRA) activities. Protection of on-site populations, such as plant site general
workers, is addressed under the RFP site-wide Health and Safety Program. Section
1.2.1 describes the applicability of the PPCD and further clarifies the document’s

scope.
12.1 PPCD Applicability

The PPCD is applicable to intrusive field activities conducted as part of a

RFI/RI field investigation or IM/IRA. The RFI/RI field investigation refers to the
RCRA/CERCLA-SARA investigation, remedial action alternatives assessment, and
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remedial action process. The investigation phase of an RFI/RI includes the test pits
and drilling phases, etc. This process includes activities such as preparation of
workplans and health and safety plans, conducting RFI and RI field studies,
evaluating potential public and environmental health impacts through Baseline Risk
Assessments (BRAs), analyzing remedial action alternatives through completion of
Feasibility Studies and Corrective Measures Studies, and obtaining a Record of
Decision (ROD), as well as remedial design, remedial action (RD/RA) and
compliance verification. The RFI/RI phase of this process includes activities directed
at|hazafd9us waste site investigation. For purposes of the PPCD, Interim Remedial
Actions (IM/IRAs) are also considered.

Table 1 idlelntiﬁes three specific stages of intrusive field activities that could |
occur during the RFI/RI process at RFP. Table 1 also identifies three populatiolns :
of human receptors that could potentially be exposed to site related contaminants
released during intrusive activities. Following is a brief functional description of these

stages and populations:

Table 1

PPCD

Baseline Risk Assessment

Site-Specific H&S Plan Baseline Risk Assessment FS Risk Assessment

Site-Specific H&S Plan . Site-Specific H&S Plan FS Risk Assessment

| e Remedial Investigation/Interim Remedial Action Period. During this
period of RFI/RI activities, investigation-driven intrusive activities are
being performed at the site. Such! a‘ctivities include: borehole and
monitoring well installation and small scale excavation such as test-pit

installations. = Additionally, as indicated above, IM/IRAs may be
4 DRAFT



conducted during this period. The latter are expected to result in
higher emissions than RFI/RI activities. Overall, the emissions
generated from the Remedial Investigation/ Interim Remedial Action
activities at the RFP are expected to be relatively small compared to
large-scale remediation projects. The environmental impacts for these

activities are considered minimal.

. No Action Period. This segment of the RFI/RI process coincides with
periods when no intrusive field activities are being conducted. Since
no intrusive activities are being performed, contaminants are not being

- released as a result of investigation or remediation/IM/IRA activities.

. Remedial Action Period. This period of activity occurs after approval
of the Proposed Remedial Action Plan and signing of the ROD. The
remedial action period includes remedial design and remedial actions,
and is often characterized by large-scale construction, earth-moviﬂg,—-
and other heavy mechanized actions related to cleanup. Generally,
emissions generated as a result of Remedial Action Period activities
have the potential to be of considerably greater magnitude than those
associated with the Remedial Investigation/Interim Remedial Action

Period.

. Off-Site Public. This population of potential receptors is the general
off-site public who could be exposed to emissions from intrusive
RFI/RI activities. For purposes of this assessment, this population is

conservatively assumed to live at the RFP site boundary.



General Plant Workers. RFP workers involved in production, plant
support, and any other nonenvironmental restoration job activities are

considered General Plant Workers.

Remediation Workers. Environmental restoration workers comprise
the population in this category. This includes workers involved in any
stage of the environmental restoration program.

; | Inspection of Table 1] indicat'es that the hazard;s to the three potentially
exposed populatlons during the no action stages, wnh the exception of remediation
workers, will be evaluated in the BRAs. BRAsl
ou ‘as part of the RFI/RI report. Potential hazards to each of the three potentially

are requued under the IAG for each

exposed populations as a result of implementing remedial action alternatives will be
evaluated as short term 1mpacts in the detailed analysis of alternatives risk
assessments in the Feasibility Studies. EPA Guidance requires that short-term
impacts of remedial action be evaluated as one criterion in the Feasibility Study
(EPA, 1988). The PPCD addresses the potential hazards to the site boun'dary public
resulting from intrusive activities during the Remedial Investigation/Interim Remedial
Action Stage. Site-specific Health and Safety Plans (SSHSPs) will address potential
worker hazards associatedlwith intrusive activities conducted during the Remedial

Investigation/Interim Remedial Action Stage.

As indicated by Table 1, the hazards to plant site general workers as well as
remediation workers will be addressed in the individual OU SSHSPs. Note that the
PPCD and SSHSPs share the issue of worker health and safety. The PPCD draws
heavily frqrﬁ the SSHSPs in cstaﬁﬁshing acceptable exposure levels for workers and

in the establishment of monitoring requirements.

|
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The following paragraphs have been included to provide a clear explanation
of the various studies required to evaluate the risk of contaminant wind dispersion.

The general focus of each study has been presented below.
1.2.2 Baseline Risk Assessment

Individual hazardous substance sites at RFP have been grouped into 16 OUs.
A Baseline Risk Assessment will be conducted for each OU (IAG 1991) to evaluate
the potential threat to the health and environment of potential receptors: the plant

site general workers and the general public during the No Action Period.

The basic elements of the Baseline Risk Assessment are data evaluation,
exposure assessment, toxicity assessment, and risk characterization. During the data
evaluation phase available information on the hazardous substances located at each
OU will be screened to identify principal contaminants. The exposure assessment will
identify the point of potential contact with the principal contaminants and the
exposure route at that point. In the toxicity assessment stage, the following factors
will be considered: the types of adverse health effects associated with individual and
multiple contaminant exposures; the relationship between the magnitude of exposures
and adverse effects; and the related uncertainties. The risk characterization will
identify the potential exposure to the receptors and evaluate the potential effects

impacting the off-site public and on-site workers associated with such exposures.

Currently, risk assessments are planned for the 16 OUs under the no action
condition. The risk from windblown contaminants will be assessed for each OU in
accordance with the Risk Assessment Guidance for Superfund; Volume 1, Human
Health Evaluation Manual (Part A).



\
//
A

G G S Am A B m v s

|

1.2.3 Feasibility Studies

The Comprehensive Environmental Response, Compensation, and Liability
Act (CERCLA) requires a remedial investigation and feasibility study for each facility
included on the National Priorities List. The JAG among EPA, DOE, and the State
of Colorado established the requirements for the performance of a feasibility study
for each OUjat RFP in order fo identify, evaluate, and select. alternatives for the
appropriate remedial action to prevent, mitigate, or abate the release of the pn'ncipal
contaminants. At this timlc, feasibility studies are only be‘ginningito be developed.

Much of the necessary data irequircd for these studies is generated in the Remedial

| Investigation phase described in the next section. The feasibility study process} has

four basic components: | | |
|

! |

development of ]alternatives for remediation;
screening|of alternatives;

detailed analysis of alternatives; and |

el A

selection of preferred altexl'native(s).
i

In the analysis of alternatives, each alternative will be individually evaluated
to determine whether it will adequately protc".ct the health of the identified receptors.
The alternatives will then be compared using established criteria to select an
appropriate remedy. One evaluation criterion is short-term effectiveness.
Assessment against this criterion examines the effectiveness of the alternatives during
implementation of the alternative under consideration. Factors addressed under this
criterion are: protection of the community during remedial actions; protection of
workers during remedial actions; environmental impacts; and time until the remedial
action objectives are achieved. This evaluation will cons'ider the potential impacts
associated with conducting a remedial action program weighing the results against the

benefits. Each feasibility study will include an evaluation of the measures to be taken
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to protect the public and the surrounding environment from windblown hazardous

and/or dangerous constituents that may result from remedial actions. The IAG

instructs the DOE to "prepare RCRA Facility Investigation/Remedial Investigation
Reports which will include the Baseline Risk Assessment resuits..and shall be
developed using the RCRA Facility Investigation Guidance (Interim Final), and the

Guidance for Conducting Remedial Investigations and Feasibility Studies Under
CERCIA, Interim Final, October 1988" (EPA 1988).

124 PPCD Implementation

The PPCD will be applied primarily by the Project Manager (PM) during
remedial investigations such as monitoring well installations, test pit excavation, and
other larger dirt moving applications. - Along with the PPCD, the PM will use the
EPA/CDH approved site-wide Standard Operating Procedures (SOPs). The SOPs
contain specific procedures for General Equipment Decontamination and many other
field operations, groundwater, geotechnical surface water, and ecology operations.

These are additional procedures that are intended to guide the PM.

Besides guiding field activities, the PPCD outlines the necessary steps which
shall be taken to "evaluate the potential for and risk of windblown inorganic,
radioactive and organic hazardous constituents released from sites of the Rocky Flats
Plant" (IAG, 1991). The PPCD includes specific procedures that 1) establish soil
threshold levels, 2) determine the dust emission mitigation required when
concentrations are in excess of the thresholds (Stage 2 areas), and 3) establish a

monitoring program that will evaluate the effectiveness of dust control measures.

The PPCD uses simple airborne exposure and risk assessment techniques to |
evaluate the effectiveness of dust control measures. An emission model is used to

predict the rate at which contaminants are released into the air from a source, and
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a dispersion model predicts associated concentrations in air at receptor points. A
complete modeling set (see Appendices 2 through 6) will permit the PM to evaluate
the potential for off-site impacts resulting from intrusive activities and guide the PM

in selection of appropriate dust control measures.

The PPCD references the most current information in determining the uptake
concentration of a hazardous substance that would result in an increased lifetime
excess cancer risk or noncarcinogenic health effects. The methodology for obtaining
this information and the specific application of how th? ';toxicological data are used

is discussed in Appendix 1 - Principal Contaminants. |
| | |
The application of the PPCD mom'toririlg program cofincides with the health
and safety monitoring program currently being enforced at RFP. The primary
purpose of the monitoring program is to provide real-time monitoring to verify that
emissions resulting from ilntrusive activities are within accelptable guidelines. Figure
1 depicts a flow diagram which outlines the key diecision making process in executing
the PPCD. Activities conducted under Stage 1 are those activities performed at site
locations which have siite data indicating soil antammant concentlrations do not
exceed the established risk-based soil thresholds. Activities conducted under Stage
2 are those activities performed at locations where RFI/RI intrusive activi!ties such as
IM/IRAs will require additional monitoring surveillance and preventive measures.
The Stage 1 contaminant dispersion control measures will include the following: wind
speed measurements, water spray applications, moisture testing, waste pile covering,
occupational health and safety monitoring using real-time total suspended particulate
capabilities, and general administrative control measures such as vehicular speed
limitations are detailed in the Interim Plan for Prevention of Contaminant Dispersion
(IPPCD, Appendix 8). The Stage 2 preventive measures consist of Stage 1 methods

plus additional suppression techniques such as surfactants, enclosures, etc. Each

10 : DRAFT
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FIGURE 1
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Stage has a specific monitoring program and implementation plan that verify proper

execution.

Using existing data, the PM will determine if the OU specific (possibly IHSS
specific) contaminant concentration levels in soil are above the derived soil threshold
levels. Soil threshold levels have been calculated based on gaussian plume dispersion
(provides the dust concentration at the site boundary) and intake fac'tors based on
toxicity values obtained from EPA sources. Appendix 1 provides' a discussion of
selection of PCs. Appendix 2 discusses the intrusive activities considered. Appendﬂ
3 discusses the dispersion model and the calculat}'on of soil thr'eshold levels
(summarized in Appendix 5). Appendix 4 discusses the performance criteria and

intake factors used. |

It is expected that the soil being disturbed by intrusive field activlities
associated with the RFI/RI field investigation or ' IM/IRA normally wﬂ‘l hiave
contaminant concentrations below the soil thresholds. The PPCD then instructs the
PM to implement the intrusive activity under Stage 1 monitoring and dust suppression

programs. | I

The Stage 1 monitoring and dust suppression programs encompass normal day
to day health and safety monitoring requirements. This is supported by the RFP
Environmental Restoration SOPs, Sitewide H&S plans, OU-specific H&S plans, and
the subcontractor site H&S plans. Appendix 7 (Monitoring) discusses the specific
procedures and instrumentation requirements. To assist the PM in his assessment
of the need to implement dust suppression techniques, wind speed monitoring (with
shutdown criteria 15 or 35 mph, dépending on the intrusive activity) and occupational
real-time air monitoring will be conducted. As a minimum, the following dust
suppression techniques will be performed/enforced for those activities categorized as

Stage 1:
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d soil wetting
d soil covering during non-work periods

. vehicular traffic restrictions

The procedure for application of these measures is listed in the IPPCD
(Appendix 8). As discussed previously, the IPPCD will serve as interim guidance
until the PPCD is approved in final form. The joint working group of
EPA/CDH/DOE/EG&G has reviewed and approved the IPPCD for interim use.

If soil contaminant concentrations are above the soil threshold concentrations,
Stage 2 becomes applicable. The first step performed is the evaluation of Stage 2

prevention alternatives. Appendix 6 - Dispersion Prevention Techniques provides a

. detailed comparison of alternatives to be considered prior to startup. Stage 2

prevention alternatives provide for dust control and contaminant monitoring over and

above that normally applied at RFP (i.e., Stage 1).

The remedial investigation or interim remedial action activities would begin
upon completion of the Stage 2 evaluation of dust prevention alternatives. This
phase of the Stage 2 implementation process may take significant setup time and
could result in significant expenditure of resources. The PM will make the field
decision of which alternative will be implemented and when it is fully operational

before beginning intrusive activities.

Stage 1 and 2 have specific monitoring requirements to verify acceptable -
airborne contaminant concentration levels both to the on-site workers and the
potential off-site receptor. Monitoring requirements under Stage 1 incorporates on-
site soil moisture, total suspended particulate, and other meters (OVA, HNU) as
deemed appropriate by the site Health and Safety (H&S) officer. The on-site real-

time instrumentation will provide the information necessary to evaluate the adequacy
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of Stage 2 prevention measures and to verify that the on-site workers are operating

under acceptable conditions under Stage 1.
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2.0 THE PLAN FOR PREVENTION OF CONTAMINANT DISPERSION

2.1 Specific Components of the PPCD

This section of the PPCD will describe how the plan was developed and what
assumptions were used to evaluate the risk of windblown contaminants. The PPCD

was organized around four major tasks:

1) | Establish soil threshold levels;

2) Conduct a preventive measures assessment;

3) Establish monitoring requirements; and

4) Develop i:mplementation plan.

These tasks were identified through a series of meetings with the
EPA/CDH/DOE/EG&G representatives. The technical focus was jointly developed
based on comments received from earlier PPCD versions and public information
needs as witnessed in previous public comment periods. This draft of the PPCD has
been written in a manner that explains the technical approach in a concise, easily
understood, uniting style. Supporting data is found in a series of appendices along

with a step by step approach to developing each task.

A brief explanation of the individual task objectives and methodology is

discussed in the following sections.
2.1.1 Establish Soil Threshold Levels

The RFP has a potential for numerous remedial investigation activities
occurring at the same time with varying emission factors. In order to simplify and

ensure PPCD application, soil threshold levels have been established for three
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modeling zones (A, B, and C) at RFP (see Drawing 1). An additional modeling zone
was chosen for Operable Unit 3 (OU3) for off-site releases (Drawing 2). OU3
includes Individual Hazardous Substance Sites 199 (Contamination of the Land
Surface), 200 (Great Western Reservoir), 201 (Standley Reservoir), and 202 (Mower
Reservoir). Each area has a number of emission activities at various points within
the modeling zones. A specific modeling point has been conservatively selected on
the wind vector having the highest frequency (1990 Rocky Flats Wind Rose, in
Appendix 3) with a location in the middle of the zone (Zone A and OU3) or at the
boundary nearest to the receptor (Zone B and C). Additional conservatism was
introduced into the modeling of exposure by assuming that human receptors are
closer to the emission source than they actually are. The modeling zones were
designated based on OU-specific workplans and remedial investigation schedules.
Modeling Zone B contains the majority of remedial investigation activities planned
over the next five years (IAG scheduled final Field Activity Finish, January 1997);
Modeling Zone A contains the most acreage and Zone B contains the site buildings

and perimeter security zone.

Emission scenarios under the scope of the PPCD were narrowed down to the
specific activities that may produce appreciable amounts of fugitive dust. Those
activities needed to be broad based in order to cover the range of RI and IM/IRA
activitiesl proposed over the next five years. It has been assumed that during the next
five years, most of the RI type activity will occur, and the Remedial Action Stage will

become the primary reference for intrusive activities in the following five years.
2.1.1.1 Emission Scenarios
The following scenarios were used for general descriptions of dust producing

RFI/RI type activities (see Appendix 6 for details of each of the scenarios described;

Appendix 2 introduces emission factor models applied to the scenarios):
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)

®3)

(4)

Major Excavations: activities involving earthmoving activities such as
using scrapers and backhoes with large buckets. Typically hundreds of |
cubic yards of soil are handled in these types of activities. Example:
881 Hillside Phase II, B, Interim Remedial Action Project.

Minor Excavations: smaller construction projects involving a limited
amount of soil displacement usually less than fifty cubic yards.
Excavation activity typically involving a single backhoe digging a small

- trench.. Example: Test Pit Installations.

Drilling: borings typically penetrate approximately 30 feet of vadose
zone into the groundwater. Hollow-system augering has been proposed
as the primary drilling method. The emission factor for drilling has
been assigned a constant as presented in Appendix 2 - Estimation of

Emission Rates.

Vehicular Traffic on | Unpaved Roadways: the volume of traffic
associated with a particular RFI/RI activity will vary according to the
type of excavation performed. Heavy vehicular traffic flow is assumed
to be associated with major excavations. Light vehicular flow is
associated with minor excavations primarily due to equipment needs
and support team involvement. A sensitivity analysis of the vehicular
traffic model is presented in Appendix 2, Estimation of Emission
Rates.

Other activities have been proposed in RI workplans; however, based upon

preliminary computations, the scenarios identified will result in the highest emissions.

Appendix 2 provides a detailed analysis of the emission rate calculations for each of
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the scenarios. The references for each of the modeling algorithms have been

provided as well as the actual formula used.
2.1.1.2 Step by Step Process Explanation
The establishment of soil thresholds was based on the following basic steps:

1) Identify the principal contaminants (Appendix 1)

2) Calculate activity-specific emission rates (Appendix 2):

31) Disperse the contaminant to the site boundary (Appendix 3)

4) Calculaite the relative intake and resulting risk (Appendix 4)

5) Est'ablish soil threshold levels based on acceptable risk (Appendi)f‘ 5)1
L | |

Step 1

t
!

Principal contaminants are identified based on site-specific data. Most OUs
have some borehole data which has been screened using the analyte list in the
RFI/RI workplans. Additional discussion regarding this development is discussed in
Appendix 1. A comparison of the site data with the known information pertaining
to slope factors for potential carcinogens and reference doses for noncarcinogens is

then performed.

Step 2

The calculation of activity-specific (e.g., drilling, excavations, etc.) emission
rates was then derived using EPA fugitive dust emission rates for various construcﬁon
activities. Several conservative assumptions were applied in this step. For example,
each excavation activity was assumed to occur all‘ day (10 hour work day) for 365

days/year. Several other key assumptions are also listed in Appendix 2.
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Step 3

The dispersion of the contaminant to the RFP property site boundary was
conducted using Gaussian Plume Dispersion modeling (Turner 1967). Appendix 3
provides a complete discussion of the input parameters. The prevailing wind
direction as indicated on the 1990 daytime wind rose was towards the southeast
approximately 40 percent of the time. This input was utilized as the percent leeward
fraction. Dispersion calculations were performed for each emission activity within
each modeling zone (A,B,C and OU3). All volatile organic compounds were

assumed to be completely volatilized.

Step 4

Contaminant intake and the resulting potential risk due to the off-site airborne
transport of hazardous and/or dangerous materials from the RFP were calculated.
Several conservative assumptions are recommended by the EPA for calculating intake
of hazardous substances. The basic formulas used to calculate intake were taken
from the EPA Risk Assessment Guidance for Superfund Sites (EPA 1989). The
formulas utilized give breathing rates and standard man body weight constants.
These factors were used in the spreadsheet tables presented in Appendix 3.
Additional receptor parameters used to calculate contaminant intakes are presented
in Table A.4-1 of Appéndix 4. Potential carcinogenic and noncarcinogenic factors
were input into the spreadsheets with the appropriate unit conversions. The
acceptable upper bound lifetime cancer risk for known or suspected carcinogens is
1 x 10™ to 1 x 10° lifetime excess cancer risk (40 CFR 300). The 10 risk level is
used as the "point of departure” for multiple contaminants at a site or multiple
pathways of exposure. In addition, assumptions that would err on the side of safety
were consistently applied. Appendix 4, Risk Calculations, contains additional

discussion regarding the treatment of parameter uncertainty.
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Step 5

Soil threshold levels were calculated by setting the acceptable risk value to a
dosimetric/risk performance objective (see Appendix 5). An assumed soil
concentration was input into the spreadsheet and resulted in a derived risk to a
receptor downwind. The performance objective was defined by setting the risk level
to'l x 10° or the hazard index to 0.1. A soil threshold or concentration was then
back-calculated by starting from the target (the performance objective) and

| calculating the source that wlould leelld_ to this target. An example of such a back-
| calculation is provided in Appendix 5. The hazarcli index is defined as the estimated
ddily intake divided by the reference dose for a noncarcinogen assuming a lifetime
daily intake. Attachment 1 to Appendix ;5 lists soil threshold levels for each
contaminant of concern in each modeling zone for each emission activity. This table
¥ i
will serve as the primary guidance table for evaluating the Stage I and Stage II
rlnitigative measure and associated monitoring requirements.

!

21.2 Pre‘ventive Measures Assessment - |

The main objective of this section is to identify contaminant dispersion control
technologies ar|1d processes associated with DOE and Superfund facilities and discuss
the major attributes relative to RFI/RI activity described in previous sections. This
section of the PPCD is an abstract of Appendix 6, Dispersion Prevention Techniques.
The techniques developed are based upon the feasibility section of the Guidance for
Conducting Remedial Investigations and Feasibility Studies under CERCLA (EPA
1988). ‘

! .

The priméry referenée used for identifying dust control measures was the Dust

Control Handbook (EPA, 1985). A two step process consistent with RI/FS gmc{ance

was used to evaluate the control measures relevant to RFP RFI/RI activities. Step
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one identified suitable technologies. Step two ranked the control measures which are
technically feasible and implementable to achieve the lowest achievable emission rate.
The ranking system was based primarily on effectiveness and implementability

consistent with guidance. Cost was given a lesser consideration.

Selecting dust prevention control methods involved considering specific
measures to prevent the spread of contaminants while conducting RFI/RI activities.
A section entitled General Control Measures was added to specify what steps will be
taken on a routine basis in order to ensure the absolute minimal spread of soil

contamination. (Refer to Section A.6.2 in Appendix 6).

The potential exists that site-specific soil contaminants could be transported
from one location to another as a result of moving equipment from activity stations.
In order to prevent such transport of contaminants, decontamination procedures have
been developed. They include: SOP 1.3 General Equipment Decontamination, and
1.4 Heavy Equipment Decontamination. Additional procedures that will minimize
the potential for transportation of site-specific contaminants from one activity area
to another are identified in Attachment One of the IPPCD (See Appendix 8).
Included are procedures for handling of decontamination and wash waters, handling
of drilling fluids and cuttings, and handling of residual samples.

The evaluation criteria involved a ranking of the control measure
implementability and efficiency. Specific control measure efficiency ratings were
based on fugitive dust suppression. The specific relevance to RFP environmental

conditions was considered in evaluating the implementability of each technique.
Appendix 6 also proyides a brief discussion of the dust producing activities
i

considered under the evaluation. Dust control measures were identified for each

emission activity.
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2.1.2.1 Major Excavations

For the major excavations, the following dust suppression techniques were
evaluated: area spray with water, area spray with a water-surfactant mixture,
chemical dust suppressant, foam, spray curtain, windscreen, and containment

structures.

Area spraying with water had a 62-70 percent efficiency for five particulates
and was determined to be "easily implemented." For these reasons, this method was
determined to have the highest ranking. The discussion of the other alternatives can
be found in Appendix 6.

2.1.2.2 Minor Excavations

The same control methodologies were evaluated for minor excavations
producing the same recommendation, area spraying with water. This ranking was

based on the method being "very effective" and "easily implemented."
2.1.2.3 Drilling

Drilling activities for test wells or monitoring wells can involve the use of
various drilling techniques, including those discussed in Section 2.2.1.1 of this
document. Dust suppression needs are expected to be minimal and can be handled

with portable spray units.
2.12.4 Unpaved Roads

Numerous types of surfactants are available for road application; however, the

introduction of additional chemicals to a Superfund site could present additional
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waste dispoSal requirements. Spraying with water was specified with recommended
applications of 0.125 gallons/square yard every 20 minutes (EPA 1985). However, the
utilization of chemical dust suppressants is recommended when dust produced by

heavy traffic cannot be controlled by watering.
2.1.3 Monitoring Requirements

Appendix 7, Air Monitoring Requirements, contains a description of the
instrumentation and methodology used for evaluating the airborne concentrations of
hazardous and radioactive contaminants. This section summarizes the key elements
of the Stage 1 and Stage 2 monitoring program. The program covers occupational

monitoring requirements as well as site boundary perimeter air monitoring practices.
2.1.3.1 RFI/RI Monitoring Program

The PPCD is broken into two stages (1 and 2), each stage has similar

monitoring needs based on differing soil contaminant concentration levels.

The administrative responsibilities fall primarily on the project manager in
charge of field operations. There are several levels of an umbrella type of H&S
workplan documentation. Figure 2 depicts the hierarchy of H&S plans. An increase
in detail regarding monitoring requirements is inherent throughout the documents.
The RFP site-wide H&S Program serves as the basis for developing site-specific H&S
plans. Guidance documents are provided by EG&G to subcontractors in the form
of a RFP Health and Safety Program Plan (EG&G 1990a) and the RFP Health and
Safety Plan Workbook (EG&G 1990b). Both of these documents have been
reviewed by EPA and CDH and the responses to resulting comments have been
submitted to both agencies. In additi’cm to this guidance,‘ EG&G has a Site-Specific

H&S Plan under which the remediation subcontractor develops their own H&S Plan,
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which in turn must be approved by the RFP Safety and Hygiene Department.
Specific program responsibilities will be described in Section 2.4 of this report.

2.13.1.1 Stage 1 Monitoring

Stage 1 monitoring occurs when the average soil contaminant concentrations
are less than the soil threshold levels listed in Appendix 5, Attachment A.5.1. The

primary elements of the Stage 1 monitoring program include:

. Wind speed

. Soil moisture measurements

* Total suspended particulate measurements

. Others as specified by the site-specific H&S Plan.

As a minimum requirement for any RFI/RI intrusive activity, wind spéed and
soil moisture tests are evaluated prior to startup (EG&G Site-wide H&S Workplan).
TSP sampling will be conducted under the recommendation of the site H&S Officer
and/or the project manager. HNU and OVA meters and other occupational health
equipment may be used as recommended by the site H&S Coordinator. On-site
documentation requirements include the completion of the PPCD monitoring

checklist as provided in Appendix 7.
2.13.1.2  Stage 2 Monitoring

Stage 2 monitoring consists of all elements required under Stage 1 but with
greater emphasis on frequency and occupational limitations. Upwind and downwind
TSP measurements can be verified by high {'olumc air sampling to demonstrate the
effectiveness of the selected mitigative measure. Worker breathing zone sampling

may also occur to increase surveillance of worker exposure.
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2.13.1.3 Work Start/Stop Criteria

As discussed in Appendix 7, public site boundary and worker start/stop criteria
have been established. The stop work order will be given when the real-time
instrumentation depicts a reading below the established soil moisture, or above wind
speed, or TSP contaminant alarm levels which are based on RFP ALLARA or H&S

Action levels. The conditions for restart of activities are outlined in Section A.7.6 of

Appendix 7.
2.1.3.2 Nonradioactive Ambient Air Monitoring

The nonradioactive ambient air monitoring program utilizes high-volume air
samplers located at the east entrance to RFP. This program has been developed to
demonstrate compliance with the Clean Air Aét Amendments of 1970 and 1977, as
defined by the National Ambient Air Quality Standards (NAAQS) and Colorado Air
Quality Control Commission Ambient Air Standards. The EPA Respirable
Particulate Standards (issued July 1, 1987) address respirable particles, referred to
as Particulate Matter-10 or PM-10, particles less than or equal to 10 um. PM-10
samples are operated every sixth day in accordance with the EPA reference high-
volume air sampling method issued October 6 and December 1, 1987, (EG&G
1989).

2.1.33 Radioactive Ambient Air Monitoring

The RFP radioactive ambient air monitoring program consists of 23 on-site
air samplers and 14 perimeter samplers bordering the facility. There are also 14
community samplers located throughout the metro area. The samplers operate
continuously at a volumetric flowrate of approximately 12 liters per second collecting

air particulates on fiberglass filters (99.97 percent efficient for relevant particle sizes).
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Filters are collected biweekly, composited by location, and analyzed monthly for
plutonium. (EG&G 1989).

The nonradioactive and radioactive ambient air monitoring programs will
provide additional verification of the implementation and effectiveness of the PPCD.
Results from these programs will be correlated to on-site occupational monitoring
data. RFI/RI fugitive dust emissions are expected to be undetectable at the site
boundary considering "real-time" or instantaneous readout ability of state-of-the-art
instrumentation. The ambient air programs currently utilize laboratory analysis which
requires lengthy turnaround times. The PPCD monitoring plan will focus on real-

time instrumentation and contaminant-specific detection limitations.
2.1.4 Implementation Plan

This section will describe how the PPCD will be implemented including
guidance from existing SOPs and the IPPCD. This implementation plan has been

developed to lay out the step by step process necessary to fulfill the purpose of the
PPCD.

A simplified flow chart of the major steps required to implement the PPCD
is given in Figure 3. The following steps will utilize the soil contaminant threshold
limits derived in previous sections. The soil threshold table listed as Attachment
A.5-1in Appendix 5, is the primary reference on which to base the Stage 1 and Stage

2 decisions.
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2.14.1 = PPCD Step by Step Breakdown

Step 1

The PM conducts a pre-startup activity review meeting to evaluate the
potential for particulate emissions potentially containing hazardous substances
associated with planned activities. Other key individuals such as the Activity Field
Supervisor and the subcontractor H&S representatives are present to provide input.
The Radiological/ H&S Work Permit (RFP Health and Safety Procedure 6.05) and
an Excavation Permit (RFP HSP 6.01) are completed at this time. Apperidix 8,
Interim Plan for Prevention of Contaminant Dispersion (IPPCD) lists the relevant

SOPs which will also be discussed during the pre-startup meeting.

The RFI/RI workplan is also reviewed to verify inclusion of the following

startup prerequisites:

i Equipment is available to evaluate the wind speed. The latter must be
below 15 mph or 35 mph, depending on the type of earth moving or
other dust generating operations. Wind speed shut down criteria
definition and responsible individuals will be identified within

documents located in the project files.

. Equipment is available to evaluate soil moisture which must be above
15 percent (or the extent practicable) prior to startup of intrusive

activities.
. Monitoring equipment capable of detecting the TSP Occupation

Trigger Level and off-site public shutdown criteria shall be available

with supporting operational procedures and qualified operators.
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* Additional instrumentation may include: Piezobalances, Minirams,
Laser Particle Counters, HNU, OVA and various portable radiation
detection equipment and H&S equipment as deemed necessary by the
Site H&S Coordinator.

If some of these prerequisites cannot be met, work will not begin until the

work plan is amended (with justifications) and approved.

Step 2

The PM should consider the extent and applicability of the site
characterization data. A preliminary data collection activity may be indicated if site
characterization data are not adequate to make a reasonable hazard evaluation.
Available site-specific (OU, IHSS, etc.) soil ahalytical data are reviewed. An OU may
contain multiple IHSS, and the extent of site characterization data may be variable
in terms of completeness and quality. This step involves comparing site-specific soil
contaminant concentrations to those presented in the soil threshold summary tables
(Appendix 5, Attachment A.5-1). The RFI/RI activities (drilling, excavation, etc.) are
selected from the table and correlated to the known contaminants. The most

stringent soil threshold is then selected and used for the comparison.

The decision is then made as to whether the activity will require Stage 1 or
Stage 2 monitoring (see Appendix 7). If the activity is determined to be Stage 2,
additional assessment will be required to select the appropriate contaminant
dispersion control techniques and monitoring requirements. Each emission activity
will be reviewed to select the appropriate preventive measure. Appendix 6 Table
A.6-3 has summarized the most appropriate technique with rankings. The preventive
measure is selected and implemented Uinder the supervision of the PM. The PM will

then inspect the operation and make adjustments as deemed necessary.
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Step 3

Stage 1 or Stage 2 monitoring requirements are identified based on the
evaluation in Step 2. The site-specific H&S coordinator and the subcontractor H&S
liaison meet and review the PPCD monitoring plan. Other SOPs may be referenced
as they are developed; however, the objective of the monitoring program must be
fulfilled with supporting documentation located in either EG&G’s or the
subcontractor’s project files. The basic monitoring and reporting requirements should
be reviewed to verify adequate understanding and delineation of responsibilities prior

to startup.

Shutdown criteria are established based on the occupational action levels for
hazardous materials and Local Air Monitoring Trigger Levels for occupational
principal contaminants in soils and on off-site risk based exposure criterion. Local
Air Monitoring Trigger Levels for occupational principal contaminants are developed
in each individual site-specific Health and Safety Plan. Pu®’ is used in this case as
an example. The IPPCD (see Appendix 8) states that local monitoring of Total
Suspended Particulate (TSP) at individual activity worksites shall be conducted using
a TSI "Piezobalance" Model 3500 Aerosol Mass Monitor real-time instrument (or
equivalent). The trigger level concentrations were established (Pu?® DAC/10) to
provide protection for workers potentially exposed to plutonium contaminated soil.
The Derived Air Concentration levels (DOE Order 5480.11) for plutonium will
typically be the most restrictive occupational exposure level at RFP.

Step 4

Once the RFI/RI activity has begun operations, the monitoring data are
|
assessed to determine the adequacy of the mitigative measure. Stage 1 operations

will include using water spray applications, verifying soil moisture content, monitoring
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wind speeds, and incorporating general control measures such as limiting vehicle
speeds. The real-time monitoring data will verify the effectiveness of dust

suppression techniques.

If the TSP results indicate dust loading concentrations above the occupational
action levels, intrusive activities will be stopped and reevaluated in terms of
precautionary and dispersion resumption requirements to protect workers. Similarly,
intrusive activities will be stopped if the most restrictive principal contaminant
shutdown criterion for the off-site public is exceeded. In this event, the reevaluation
will consider the need to apply a more effective dispersion preventive measure. The
steps identified in the IPPCD, Section IV, Additional Worker Health and Safety
Monitoring Requirements by the SSH & SP, will be followed prior to the startup of

activities. The project files are then updated with the real-time monitoring data.
' |

2.2 Example PPCD Demonstration - 881 Hillside Monitoring Well Installation

This section provides an example of how the PPCD will work using actual site
data. OU1 - 881 Hillside has been selected with monitoring well installation as the

potential emission activity.
2.2.1 Rocky Flats Plant Area Location

The 881 Hillside monitoring well installations and their support activities will
occur primarily in Zone B at the RFP. This zone has a dispersion distance of 2.9 km
based on the conservative assumption that the center of activity for this zone falls on
its boundary intersecting the vector leading to the nearest off-site receptor. This
vector represents the average wind speed in the most common wmdl direction at RFP

(Appendix 3 attachments).
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2.2.2 Scenario Identification

Monitoring well installation at the 881 Hillside location will, in general, involve

the following activities:

. Hollow-stem auguring by a drill rig. Typical well dimensions are
assumed to be 0.2 m (8 in.) diameter by 9 m (30 ft) deep.

. Traffic over unpaved roads, assumed to be 10 vehicle kilometers per

10 hour work period.

In predicting emission rates associated with the above activities, it is assumed that the
duration of the activity (installation of 1 well) will be 10 hours. This assumption
enables the emission factors for the activities, in units of kg of soil emitted/well drilled
and kg of soil emitted/vehicle kilometer traveled (VKT), to be translated to a rate

having units of mass/time.
2.2.3 Emission Rate Estimation

The following models were used to predict particulate emission factors for the

aforementioned activities (Tistinic, 1984).

Well Drilling
Emission Factor = 0.25 kg/well
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Vehicle Traffic
Emission (kg/VKT) = K (1.7) (s/12) (S/48) (W/2.7)*7 (w/4)* (365-p)/365

aerodynamic particle size multiplier (0.45)

silt content of road surface material (%)

mean vehicle speed (km/hr)

mean vehicle weight (Mg)

mean number of wheels

number of days with at least 0.254 mm of precipitation
per year.

T Egne R

These models were obtained from a memorandum through the CDH, Air Pollution
Control Division prepared by Mr. Tom Tistinic, a public health engineer. The
memorandum addresses fugitive particulate emissions through a compilation of
emission factors recommended for use in estimating emissions from mining activities.
The content of the memorandum was derived primarily from the EPA’s Compilation
of Air Pollutant Emission Factors (AP-42). Recent discussions with the Colorado
Department of Health have confirmed the agency’s preference for using the models

presented in the memorandum.

Appendix 2 of this report provides a detailed discussion on the applicability
of the models to the activities expected to occur at the RFP.

2.2.4 Identification of Principal Contaminants (OU Specific Data)

The initial screening for principal contaminants at RFP is discussed in
Appendix 1. Specific soil action level concentrations were determined for the
principal contaminants (PCs) included in Table 2.3.1. The table is divided into
radionuclides, non-radionuclides (solids), and volatile organic compounds (VOCs) and
semi-VOCs. Slope factors and reference doses (RfDs) are also shown where
applicable. Note that additional discussion including slope factors and RfDs is in

Appendix 4.
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Table 2.3.1
Phase II Listing of RFP Potential Contaminants
' with Established Slope Factors and Reference Concentrations
Priacipal Contaminants (PCs) LECR HI
Slope Factors Inh. RfC
. Radioaxclides (BCDA-1  (melke/day)
‘ Uranium 233 & 234 2.70E-08 .
Uranium 235 2.50E-08
Uranium 238 2.40E-08
Americium 241 4.00E-08
. Plutonium 239 & 240 4.10E-08
Tritium 7.80E—14
Strontium 89 2.90E-12
Strontium 90 ) 5.60E-11
l Cesium 137 4.90E-11
Radium 226 3.00E-09
Radium 228 6.50E-10
l Nos-Radioauclides (melke/da)™ =1  (mglkg/day)
Arsenic S.00E+01
. Barium 1.00E~-03
Beryllium 8.40E+00
Cadmium 6.10E+00
l Chromium III 5.70E-06
Chromium VI 4.10E+00 5.70E-06
Manganese - 1.14E-04
Mercury 8.60E-05
Hexachlorocyclohexane (alpha) 6.30E+00
Hexachlorocyclohexane (beta) 1.80E+00
Heptachlor 4.50E+00
Heptachlor Epoxide 9.10E+00
Aldrin 1.70E+01
Dieldrin 1.60E+00
DDT 3.40E-01
Chlordane (alpha, gamma) 1.30E+00
l Toxaphene ' 1.10E+00
YOCs & Scmi—VOCs
Chloroform 8.10E-02
1,1,1~Trichloroethane . 3.00E+00
’ Carbon Tetrachloride . 1.30E-01
Benzene . 3.00E-02
Toluene 6.00E-01
Dichloromethane 2.00E-03 9.00E-01
: Xylenes 9.00E-02
l MEK 9.00E-01
1,2-Dichloroethane 9.10E-02 .
Bromomethane 2.00E-02
Carbon Disulfide 3.00E-03
. 1,1~Dichloroethene 1.20E+00
- 1,1-Dichloroethane o 1.00E+00
Vinyl Acetate 6.00E-02
1,3 -Dichloropropene 1.30E-01 6.00E-03
' 1,1,2-Trichloroethane . 5.70E-02
Bromoform 3.90E-03
Tetrachloroethene 1.80E-03
Chlorobenzene S5.00E-02
' Ethylbenzene ' 3.00E-01
Styrene 2.00E-03
Vinyl Chloride 290E-02 |
1,2-Dichloroethane 9.10E-02 |
l 1,2-Dichloropropane * ‘ 1.30E-01 [
i 1,1,2,2 - Tetrachloroethane 2.00E-01 ‘
2—Chloroethyl Ether 1.10E+00
1,4 - Dichlorobenzene 2.00E-01
1,2~ Dichlorobenzene 4.00E-01
Nitrobenzene ' 6.00E-03
Hexachloroethane 1.40E-02
. 1,2,4 - Trichlorobenzene . 3.00E-02
Hexachlorobutadiene 7.80E-02
‘ Hexachlorocyclopentadiene 2.00E-04
2,4,6-Trichlorophenol 1.10E~-02
' Hexachlorobenzene . 1.60E + 00
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2.2.5 Soil Threshold Selection Process

The 881 Hillside contaminants were identified using site-specific
characterization data. The resulting compilation (Step III as shown in Figure 2) is
a site-specific identification of the principal contaminants for the purpose of
implementing the PPCD. The Phase III list is based on the positive identification
of contaminants and their corresponding concentrations from OU-specific
sampling and analysis efforts. The aforementioned selection process is detailed
further in Appendix 1.

A "List III" compilation of the PCs for the 881 Hillside Area is presented in
Table 2.3.2. The PCs are listed with their highest observed and their average soil

concentrations.
2.2.6 Soil Data Comparison with Threshold Levels

Table 2.3.3 compares existing concentrations of PCs along with the calculated
threshold levels for well installation and support vehicle traffic in the 881 Hillside
Area. The action levels come from the spreadsheets for these activities (see
Attachment A.3.4). This comparison demonstrates that none of the PCs exceed
threshold levels. Therefore, this activity is considered to be under Stage 1 monitoring

requirements.
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l TABLE 23.2
| l SOIL PRINCIPAL CONTAMINANTS
OU1 - 881 HILLSIDE AREA
Dichloromethane 0.590 ug/g 0.047 pg/g
I 2-Butanone (MEK) 0.390 ug/s 0.099 ug/g
1,1,1- Trichloroethane 0.110 ug/g 0.030 ug/g
i Tetrachloroethene 0.190 ug/g 0.071 ng/g
I 1,2-Dichloroethane 0.010 ug/g 0.009 ug/g
Bromomethane 0.006 ug/g 0.006 ug/g
. Toluene 0.025 ug/g 0.015 ug/g
. Arsenic 24 ug/g 8.7 ug/g
| Barium -810 ug/g 120 ug/g
' Beryllium 1.9 ug/g 0.9 ug/g
- Cadmium 6.6 ug/g 3.0 ug/g
Chromium (total) 28 ug/g 12 ug/g
| Manganese 563 ug/g 191 ug/g
Mercury 2.07 uglg. 0.30 pg/g
' Uranium 233, 234 . 1.7 pCig 0.96 pCi/g
- Uranium 238 1.9 pCi/g 0.89 pCi/g
] Strontium 89,90 1.9 pCi/g 0.25 pCi/g
l Plutonium 239, 240 0.91 pCi/g 0.04 pCi/g
Americium 241 0.15 pCi/g 0.02 pCi/g
Cesium 137 2.6 pCi/g 0.27 pCi/g
' Tritium 0.73 pCi/g 0.16 pCilg
Radium 226 No data No data
Radium 228 No data No data
l Uranium 235 No data No data |
l 39




EEE s —
___’/

- -\ - -

- -

TABLE 2.3.3 COMPARISON OF MEASURED SOIL CONCENTRATIONS TO THRESHOLD LEVELS

Dichloromethane 0.590 pg/g 0.047 pg/g 1,470,000 pg/g N/A
2-Butanone (MEK) 0.390 pg/g 0.099 ug/g 19,000,000 pg/g N/A
1,1,1-Trichloroethane 0.110 pg/e 0.030 ng/g 63,200,000 p.g/g N/A
Tetrachloroethene 0.190 ug/p 0.071 ng/g .1,640,000 pg/g N/A
1,2-Dichloroethane 0.010 pg/g 0.009 ug/g 32,400 pug/g N/A
Bromomethane 0.006 pg/g 0.006 png/g 421,000 pg/g N/A

| Toluene 0.025 ug/g 0.015 pg/g 12,600,000 pg/g N/A
I Arsenic 24 ug/g 8.7 ug/g 100,000 ug/g 2,670 ug/g
Barium 810 ng/g 120 pug/g 35,700,000 pg/g 952,000 pg/g
Beryllium 1.9 ug/g 0.9 ng/g 595,000 ng/g 15,900 ng/g
Cadmium . 6.6 ng/g 3.0 ng/g 819,000 ng/g 21,800 ug/g
Chromium (total) 28 ug/g 12 pg/g 204,000 ug/g 5,430 ug/g
Manganese 563 ug/g 191 pug/g 4,070,000 pg/g 109,000 pg/g
Mercury 2.07 ug/g 0.30 ng/g 3,070,000 pg/g 81,900 ug/g
Uranium 233, 234 1.7 pCi/g 0.96 pCi/g 104,000 pCi/g 2,760 pCi/g

- " Uranium 238 1.9 pCi/g 0.89 pCi/g 116,000 pCi/g 3,110 pCi/g
Strontium 89,90 1.9 pCi/g 0.25 pCilg 49,900,000 pCi/g 1,330,000 pCi/g
Plutonium 239, 240 0.91 pCi/g 0.04 pCi/g 68,200 pCi/g 1,820 pCi/g
Americium 241 - 0.15 pCi/g 0.02 pCi/g 69,900 pCi/g 1,860 pCi/g
Cesium 137 2.6 pCi/g 0.27 pCi/g 57,000,000 pCi/g 1,520,000 pCi/g
Tritium 0.73 pCi/g 0.16 pCi/g 35,800,000,000 pCi/g 955,000,000 pCi/g
Radium 226 No data No data 932,000 pCi/g 24,800 pCi/g
Radium 228 No data No data 4,300,000 pCi/g 115,000 pCi/g

| Uranium 235 No data No data 112,000 pCi/g 2,980 pCi/g




2.2.7 Mitigation Measure Identification

As shown in Table 2.3.3, known concentrations for each of the PCs do not
exceed the action levels. Therefore, Stage 1 mitigation measures are sufficient for
both well drilling and vehicle traffic. Stage 1 mitigative measures include wind speed
measurements, soil moisture testing, total suspended particulate real time

measurements, and unpaved road wetting applications.
2.2.8 Monitoring Program Initiation

Monitoring requirements for the well installation activities of the 881 Hillside
Area are discussed in Appendix 7. These activities will require Stage 1 monitoring
which inclludes implementing air monitoring procedures in the vicinity of the work
area to provide assurance that off-site releases are kept within the limits imposed by
the risk analysis (Appendix 4). Both real-time and cumulative (integrating)
concentrations of contaminants in air will be measured. Appropﬁate air sampling
and monitoring instruments will be selected depending on the types of contaminants

that are present or suspected to be present at the site.

The IPPCD (Appendix 8) describes monitoring requirements and specifies
occupational action levels. The IPPCD has been reviewed by EPA/CDH and will act
as the SOP until other procedures are developed.

2.2.9 Documentation Requirements
The Project Manager will ensure that requirements of the air sampling and

monitoring plan are followed at the work site. The implementation of Air

Monitoring Requirements will be structured in a manner similar to the action
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checklist included in Attachment A.7-1 to Appendix 7. This checklist includes but is
not limited to:

. Identification of potential dust generating activities;

. Determination of contaminant concentrations in the soil;

. Determination of Stage 1 or 2 work area and control measures
required.

. Selection of windspeed and soil moisture thresholds;

. Selection of monitoring and sampling equipment;

o Calculation of action levels; and

. Placement of monitoring and sampling equipment.

Adherence to the specific SOP for well installation will supplement worker protection
measures in the Site-Specific Health and Safety Plan.

2.3 Administrative Procedure for the EG&G Project Manager

This section outlines the administrative procedures to be followed by the PM
when conducting activities that are within the scope of the PPCD. An example
organization chart is shown in Figure 4. It specifies the responsibilities and the
authorities of key EG&G and contractor -personnel involved in’ the supervision of)
activities and remedial action sites, and describes the process to be used to resolve

issues which might arise during operations.
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FIGURE 4
EXAMPLE ORGANIZATION CHART

B

~—Environmental
Management Director o
Remediation Quality Assurance
Program Manager Program Manager

Quality Assurance

- ~
Coordinator
Remediation Program Operable Unit
Project Manager Manager
Air Programs Facilities Subcontractor Environmentatl Restoration Health & Safety Liaison
Representative Program Manager Health & Safety Health & Safety Officer Officer (Occupational)
Coordinator
[
| ]
Project Construction Health & Safety
Engineer Coordinator Coordinator (Occupational)

Radiation Safety Occupational Health| Fire Protection Radiological Industrial Health & Safety Area
Engineering Engineering Director Representative Operations Hygiene Engineering Representative
Representative Representative Representative Representative
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2.3.1 Key Personnel Position Description/Organizational Chart

Environmental Management (EM) Department Director

The EM Department Director is responsible for overall department activities,
including the establishment and execution of the QA Program and the assignment of

an independent Quality Assurance Program Manager.

Remediation Program Manager

The Remediation Program (RP) Manager implements RP-related construction
activities, QA project plans, and corrective actions, and provides overall direction and

guidance to the PM.

Project Manager

The Project Manager is responsible for all project activities. Specific duties
include:  monitoring health and safety documents, communicating project
requirements, and monitoring project progress and budget performance. The Project
Manager also serves as the liaison to the Department of Energy - Rocky Flats Office,
EPA, and the Colorado Department of Health.

Quality Assurance Program Manager, (QAPM)

The QAPM assures the development, implementation and execution of the

QA program.




Operable Unit Manag. er
The Operable Unit Manager ensures that applicable Standard Operating

Procedure and Standard Operating Procedure Addenda requirements are

implemented during field operations.

Quality Assurance Coordinator (QAC)

The QAC coordinates QA Program activities, provides technical support in

quality affecting activities, and maintains an inventory of division SOPs and quality

|
assurance documents.

| |
1 .
Air Programs Representative
|

The Air Programs Representative is assigﬁed to the project by Environmental
Monitoring and Assessment Division. The Air Programs group monitors meteorology
and air quality of the Environmental Restoration Department. The Air Programs
Representative is responsible for operation of high-volume air samplers and

meteorological monitors.

Environmental Restoration Health and Safety Officer, (ERHSO)

The ERHSO assists the Project Manager in implementing the ER Health and

Safety Program. Specific responsibilities include: implementation of the technical

facets of the PPCD such as establishing monitoring criteria and evaluating thresholds;

L ensuring that a site-specific Health and Safety Plan is written for each Operable Unit;
ensuring that subcontractors submit site or task-specific health and safety plans for

approval; ensuring that a Site Héa‘&th and Safety Officer is assigned to each Operable
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Unit: and ’ensuring that adequate safety support and review procedures are

established so that site personnel are not at risk while working at the site.
2.3.2 Quality Assurance/Quality Control

A Quality Assurance Plan Addendum is prepared for each project and is
supplemental to the Site-Wide QA Project Plan. The assigned Quality Assurance
Officer approves the plan and produces the project quality report.

The QAO has the following additional responsibilities:

. Reviewing and tracking matters involving nonconformances and those

requiring corrective action;
. Approving nonconformance and corrective action. resolutions;
. Approving the Response Action Contractors QA plans and procedures;
. Supporting the. RP Divisions Quality Coordinator as appropriate;

. Reporting issues involving matters adverse to quality to the ER

Department Manager; and

. Issuing stop work in matters adverse to quality.

46 DRAFT




The QC officer has the following responsibilities: |

233

Incorporating quality, inspection, and records requirements into EG&G
internal Phase 1B project related plans, procedures and instructions

which affect quality;

Performing surveillance activities of the work being performed;

. Recommending corrective action on matters requiring corrective action

1
resolution;

{
|

Ensuring the i(';uality records of the project are forwarded to the

records file;
Reporting issues involving matters adverse to quality to the RP
Division Manager;

|
Compiling a final Phase 1B Project Quality report to be submitted to
the RP Division Manager, the ER Department Director, the ER
Department QAO, and the records file upon completion of the project;

and

Coordinating quality matters with the ER Department QAO.

Records Management

I

Records management personnel shall generate a records index which identifies

i

the record type to be produced on the project, the uniqué identifier, the record

retention time, and the location of the record within the record system. Records
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management personnel and/or EM Department supervision will classify records as
to their retention status (i.e., lifetime/permanent records, nonpermanent records, and

records with limited storage and retention requirements).

Documents and records that relate in any way to the presence of hazardous
substances, pollutants, or contaminants at the RFP, or to the implementation of the
IAG, shall be classified as lifetime records to be retained for the life of ER activities,
and at a minimum will be preserved for 10 years after termination of the IAG. This
includes all documents identified as being in the possession of the DOE or its
divisions, employees, agents, accountants, or contractors. After the minimum 10-year
period, DOE shall notify the EPA and the State of Colorado at least 45 days prior
to destruction or disposal of any such documents or records. EPA and the State of
Colorado will make a determination if the documents should be retained for a longer

period of time.
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APPENDIX 1
PRINCIPAL CONTAMINANTS




A.1.1 INTRODUCTION

The principal contaminants listed in the Plan for Prevention of Contaminant
Dispersion (PPCD) were identified during a three phase process. This process is
illustrated in Figure A.1-1. The initial step developed an appropriate and
comprehensive starting point (List I) for identifying principal contaminants. The
second step screened the potential contaminants of List I against currently avaﬂ!able
health effects data. When appropriate health effects information existed for a
potential contaminant (i.e., inhalation slope factors and/or reference concentlrations),
the constituent was carried on to a second list (List IT). The thmll step will condelnse

List II by evaluating those constituents against operable unit-specific characterization

data. The resulting compilation (List IIT) will be a site-specific identification of the |

principal contaminants for the purpose of implementing the PPCD. The third step,
conducted by the Operable Unit (OU) Manager, will be based on the positive
identification of contaminants and their corresponding concentrations from OU-

specific sampling and analysis efforts.

A.1l.2 LIST I SELECTION i

The current Rocky Flats analyte list presented in Appendix B of the Draft

Rocky Flats Site-Wide Quality Assurance Project Plan for CERCLA RI/FS and
RCRA RFI/CMS Activities, (EG&G, 1991) was selected as the starting point for

identifying the principal contaminants because it is the most comprehensive and

representative list of potential environmental contaminants for the RFP. The
Appendix B list was based on results of investigations conducted for the
Comprehensive Environmental Assessment and Response Program (CEARP;
presently the DOE Environmental Restoration Program) and from ongoing
negotiations among the DOE, EPA, and the State of Colorado. The CEARP Phase 1

activities (1985-1986) included researching past waste management practices,
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FIGURE A.1-1

DEVELOPMENT OF PRINCIPAL CONTAMINANTS
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reviewing disposal records, and interviewing Rocky Flats personnel. These activities
provided documentation for the DOE CERCLA program and for these EPA
CERCLA preremedial activities: (1) Federal Facility Site Discovery and Identification
Findings, (2) Preliminary Assessment, (3) Site Inspection, and (4) Hazard Ranking
System evaluafion. The findings were published in CEARP Phase I, Installation
Assessment of Rocky Flats Plant, (DOE, 1986). This investigation resulted in a list

of potentially contaminated sites and their suspected contaminants. These sites and

corresponding suspected contaminants are the Solid Waste Management Units and
Individual Hazardous Substance Sites scheduled for investigation under the

Interagency Agreement (IAG).

Other chemical listings, such as the EPA Hazardous Substances List, EPA
Priority Pollutants list, and EPA’s Contract Laboratory Program Target
Analyte/Compound List, were eliminated because they lacked the comprehensiveness
of the Appendix B listing. Although these lists are routinely selected for use in
characterization efforts, they do not address all the potential principal contaminants
at the RFP. Chemical iistings such as RCRA Appendix IX and the ChemRisk Task
1 Report (ChemRisk, 1991) were eliminated because they lacked the specificity to

environmental contamination at the Rocky Flats Plant.

The final consideration for List I selection was data availability since it is a key
factor in successfully implementing the PPCD. The Appendix B list represents the
constituents that are currently analyzed for in environmental samples collected at the
RFP. As a result, informed decisions can be made and implemented based on
existing environmental characterization data for specific OUs. The Appendix B list
(List I) is presented in Attachment A.1.1. '
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A.13 LIST II SELECTION

List I constituents were evaluated against health risk assessment and regulatory
data presented in the Integrated Risk Information System (IRIS) and the EPA
Health Effects Assessment Summary Tables (HEAST). IRIS is updated monthly and

. presents the most current information available to the public from the U.S.
Department of Health and Human Services (USDHHS). Information on IRIS
supersedes all other sources because the database contains only those reference
concentrations (RfCs) and unit risk factors (slope factors) that have been verified by
the RfC or CRAVE Workgroups. The data from IRIS is also compiled annually and
presented in the HEAST. The health effects data evaluated for the PPCD were

RfCs for toxicity from subchronic and chronic inhalation exposure and unit risk values

for carcinogenicity based on lifetime inhalation exposure. The List II chemicals

selected during the second phase of evaluation were those for which health risk
information was verifiable in final drafts of Health Effects Assessment documents
(HEAs), Health and Environmental Effects Profiles (HEEPs), Health and

| Environmental Effects Documents (HEEDs), Health Assessment Documents
(HADs), and Air Quality Criteria Documents (AQCDs).!

Because the purpose of the PPCD is to provide a consistent mechanism for
assessing the potential for airborne transport of site-specific environmental
contaminants caused by IAG related activities (e.g. remedial actions) and to present
options for controlling such dispersion, the receiving medium has been limited to air
and the exposure pathway has been limited to inhalation. This approach was agreed
upon through negotiations among the DOE, EPA, and the State of Colorado.

1Constituents from List I that did not have published RfCs or unit risk values in the IRIS database or
the HEAST are undergoing further screening. A request for toxicological profiles developed by the Agency
for Toxic Substances and Disease Registry (ATSDR) through the National Technical Information Service
(NTIS) was made in an attempt to obtain information on the toxicological effects of these constituents.
Additionally, EPA’s Environmental Criteria and Assessment Office (ECAO) has also been contacted as a
potential source of information. Therefore, only qualitative statements can be made.

A-1-4 | - DRAFT




1

Therefore, the List II constituent selection process focused on the inhalation exposure
pathway and identifying only those constituents for which accepted inhalation RfCs
and unit risk factors were available. List II, Potential Principal Contaminants, is

presented in Attachment A.1.2 along with the pertinent health risk data.
A.13.1 REFERENCE CONCENTRATIONS (RfCs)

As stated in the HEAST, EPA, 1991, the RfC is an estimate (with uncertainty
spanning perhaps an order of magnitude) of the daily exposure to the human
population that is likely to be without an appreciable risk of deleterious effects during
a portion of the lifetime, in the case of a subchronic RfC, or during the lifetime, in
the case of a chronic RfC. Subchronic inhalation RfCs were used for the List II
constituent listing based on applicability to the modeling scenario selected for
determining risk associated with potential contaminant dispersion. Uncertainty
factors are factored into the RfC and reflect scientific judgement regarding the
various types of data used to estimate RfC values (EPA, 1991). Uncertainty factors

can be found in the cited references for List II devélopment.

Generally, the contributing elements to the uncertainty factor include (1)
variations in human sensitivity when extrapolating from valid human studies involving
subchronic or long-term exposure of average healthy subjects, (2) extrapolations from
long-term animal studies to the case of humans, and (3) expansion from subchronic

to chronic RfCs. Additionally, a modifying factor may be applied to account for

- professional assessment of uncertainties of the study and database not explicitly

addressed by uncertainty factors. A subchronic RfC is usually derived, for chemicals
in which a chronic RfC has been determined. RfC values are also specific for the
route of exposure (EPA, 1991).
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The RfC is used as a reference point for gauging the potential effects of other
exposures. Usually, exposures that are less than the RfC are not likely to be
associated with health risks; however, a clear distinction that would categorize all
exposures below the RfC as risk-free and all exposures in excess of the RfC as
causing adverse effects cannot be made. In addition, RfC values, and particularly
those with limitations in the quality or quantity of supporting data, are subject to
change as additional information becomes available (EPA, 1991).

A.13.2 UNIT RISK FACTORS (SiLOPE FACTORS)

i
1

Quantitative carcinogenic risk assessments are performed for chemicals in

' Groups A and B and on a case-by-case basis for chemicals 11'1 Group C, as defined

below: '
|
|
Group A - Human Carcinogen (sufficient evidence of carcinogenicity in
humans)

Group B - Probable Human Carcinogen (B1 - limited evidence of
carcinogenicity in humans; B2 - sufficient evidence of
carcinogenicity in animals with inadequate or lack of evidence
in humans)

Group C - Possible Human Carcinogen (limited evidence of carcinogenicity
in animals and inadequate or lack of human data)

Quantitative carcinogenic estimates are specific for the route of exposure. In

some instances, values for inhalation may have been extrapolated from oral exposure

| values by EPA.
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- A.l.4 LIST IIT GENERATION

It is the OU Manager’s responsibility to conduct the third phase identification
of OU-specific principal contaminants by utilizing existing characterization data. This
phase of the screening process compares the constituents on List II against existing
characterization data to identify positively detected contaminants that are then
carried over to List III. List III is an OU-specific compilation of contaminants and
will be utilized for the design and implementation of a plan for the prevention of
dispersion of those contaminants. In the event that insufficierit data exists for a

specific OU, it may be necessary to carry all List II constituents to List III.
A14.1 EXAMPLE LIST IIT GENERATION - OU 1, 881 HILLSIDE AREA

Existing characterization data from borehole samples collected at OU1, 881
Hillside Area, were screened against the potential principal contaminants identified
on List II. List III for the 881 Hillside Area is presented in Table A.1-1. The
contaminants and their highest observed concentrations (disregarding sample dépth)
and average concentrations are presented for use in the design and implementation
stages of the PPCD. Non-radionuclides are expressed in ug/g (ppm) and

radionuclides are expressed in pCi/g.
A.1.5 REFERENCES

EG&G, 1991. Draft Rocky Flats Site-Wide Quality Assurance Project Plan for
CERCLA/RIFS and RCRA RFI/CMS Activities. Environmental Restoration
Program, EG&G Rocky Flats, Inc. March.

DOE, 1986. CEARP Phase I, Initial Assessment of Rocky Flats Plant. Department
of Energy, April.

ChemRisk, 1991. ChemRisk Task 1 Report, Identification of Chemicals and
Radionuclides Used at the Rocky Flats Plant, March.
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EPA, 1991. Health Effects Assessment Summafy Tables, OERR 9200.6-303(91-1),
January.

USDHHS. Integrated Risk Information System Database. U.S. Department of
Health and Human Services.
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TABLE A.1-1
PRINCIPAL CONTAMINANTS
OU1 - 881 HILLSIDE AREA

Dichloromethane 0.590 ug/g 0.047 ng/g
2-Butanone 0.390 ug/g 0.099 ug/g
1,1,1-Trichloroethane 0.110 ug/g 0.030 ung/g
Tetrachloroethene 0.190 ug/g 0.071 pg/g
1,2-Dichloroethane 0.010 ug/g 0.009 ug/g
Bromomethane 0.006 png/g 0.006 pg/g
Toluene 10.025 ug/g 0.015 ug/g
Arsenic 24 pglg 8.7 ug/g
Barium 810 ug/g 120 pg/g
Beryllium 1.9 ug/s 0.9 pug/g
Cadmium 6.6 ug/g 3.0 ug/g
Chromium (total) 28 uglg 12 ug/g
Manganese 563 ug/g 191 ug/g
Mercury 2.07 ug/g 0.30 pug/g
Uranium 233, 234 1.7 pCi/g 0.96 pCi/g
Uranium 238 1.9 pCi/g 0.89 pCi/g
Strontium 89,90 1.9 pCi/g 0.25 pCi/g
Plutonium 239, 240 0.91 pCi/g 0.04 pCi/g
Americium 241 0.15 pCi/g 0.02 pCi/g
Cesium 137 2.6 pCi/g 0.27 pCi/g
Tritium 0.73 pCi/g 0.16 pCi/g
Radium 226 No data No data
Radium 228 No data No data
Uranium 235 No data No data
A-1-9
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TABLE B1. ANALYTICAL METHODS, DETECTION LIMITS, AND DATA QUALITY OBJECTIVES

Analyte -

IND ICATORS

Total Suspended
Solids

Total Dissolved
Solids

pH
__ INORGANICS

Target Analyte List - Metals

Aluminum
Ant imony
Arsenic (GFAA)
Barium
Beryt lium
Cadmium
Calcium
Chromiun
Cobalt
Copper
Cyanide

2
R
12
e,

EPA

E3A

EPA
EPA
EPA
EPA
EPA
EPA
EPA
EPA
EPA
EPA
EPA

160.2° x*
160.1° x' x'

150.1° X" X’

cLP sow
cLP sow’
cLP sow’
cLP sow’
CLP sow*
CLP sow
cLp sow*
cLP sow
cLP sow*
CLP SOV’
335.3 (modified for CLP)** —

8

Required Detection Limits
SED Mater

10 mg/L
5 mg/L

0.1 pH units

— 77200 ug/L’
60

10

200

S

5 —
5000

10

S0

25

Precision Accuracy

Soil/Sed. Objective Objective
NA 20%XRPD° 80-120X LCS
Recovery
NA 20XRPD" 80-120X LCS
Recovery

0.1 pH units NA

WATER/SOIL

40 mg/Kg' hid
12
2 —
—to—
1.0
1.0
2000
2.0
10
5.0

S

10

+0.05 pH units

WATER/SOIL




TABLE B1. ANALYTICAL METHODS, DETECTION LIMITS, AND DATA QUALITY OBJECTIVES

Analyte

Target Analyte List -
Metals (continued)

lron

Lead (GFAA)
Magnesium
Manganese
Mercury (CVAA)
Hickel
Potassium
Seleniun (GFAA)
Silver

Sodium
Thallium (GFAA)
Vanadium

Zinc

Other Metals

Molybdenun
Cesium .
Strontium
Lithium
Tin

Other [norganics

Percent Solids
Sul fide

Method v

EPA
EPA
EPA
EPA
EPA
EPA
EPA
EPA
EPA
EPA
EPA
EPA
EPA

EFA
ErA
EPA
EPA
EPA

EPA
EPA

CLP sow
CLP sow*
CLP sow’
CLP sow*
cLp sow’
cLe sow’
CLp sow*
CLP sow*
CLP sow*
cLp sow
CLP sow'
CLP sow*
CLP sow*

CLP SO (ICAP)
CLP sow®
cLp sow
cLp sow
cLp sow’

*

Required Detection Limits

\Vater Soil/Sed.

100 ug/L*
3

5000
15
0.2
40
5000
5

10
5000
10
50
20

8 ug/L
1000
200
100
200

NA
NA

Precision
Objective

20 mg/Kg'
1.0
2000
3.0
0.2
8.0
2000
1.0
2.0
2000
2.0
10
4.0

40 mg/Kg'
200
40
20
40

10 mg
4 ug/g

WATER/SOIL

L2

WATER/SOIL

L4 ]

NA
Same as metals

Accuracy
Objective
WATER/SOIL

WATER/SOIL

k%

NA
Same as metals

——
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TABLE B1. ANALYTICAL METHODS, DETECTION LIMITS, AND DATA QUALITY OBJECTIVES

Required Detection Limits Precision Accuracy

Analyte Method s 8] SOIL SED Mater Soil/Sed. Objective Objective
ANIONS Water/Soil Water/Soil

Carbonate a ' EPA 310.1° x“ x¢ 10 mg/L NA Same as metals Same as metals

Bicarbonate EPA 310.1° x’ x’ 10 mg/L NA

Chioride EPA 325.2° x* X* S mg/L NA

Sulfate EPA 375.4° x” X’ S mg/L NA

Nitrate as N EPA 353.2° or 353.3° Xx° x* 1 mg/L NA

Fluoride EPA 340.2° X’ x* S mg/L NA

0il and Grease EPA 413.2° x* 5 mg/L NA hied bl

*Total Petroleun EPA 418.1° X X HA' 10 mg/Kg NA/4O " NA/B0-120

Hydrocarbons :

Target Compound List - . _ EPA CLP SOW x* X" X X o WATER/SOIL WATER/SOIL
volatiles

Chloromethane EPA CLP SOV 10 ug/L 10 ug/Kg (low)’ - anw

8romomethane EPA CLP SOW* 10 10

Vinyl Chioride EPA CLP SOV 10 10

Chloroethane EPA CLP SOW* 10 10

Methylene Chloride EPA CLP SOM 5 5 -

Acetone EPA CLP SOV 10 10

Carbon Disulfide EPA CLP SOW 5 5

1,1-Dichloroethene EPA CLP SOM* S S w




TABLE B1. ANALYTICAL METHODS, DETECTION LIMITS, AND DATA QUALITY OBJECTIVES

Analyte

Target Compound List -
Volatiles (continued)

1,1-Dichororethane
total 1,2-Dichloroethene
Chloroform
1,2-Dichloroethane
2-8utanone
1,1,1-Trichoroethane
Carbon Tetrachloride
Vinyl Acetate
8romodichloromethane
1,2-0ichloropropane
cis-1,3-Dichloropropene
- Trichloroethene
Oibromochloromethane
1,1,2-Trichloroethane
Benzene
trans-1,2-Dichloropropene
8romoform
4-Hethyl-2-pentanone
2-Hexanone
Tetrachloroethene
Toluene
1,1.2,2-Tetrachoroethane
Chlorobenzene
Ethyl Benzene
Styrene
Total Xylenes

Method

EPA

EPA
EPA
EPA
EPA
EPA
EPA
EPA
EPA
EPA
EPA
EPA
EPA
EPA
EPA
EPA
EPA
EPA
EPA
EPA
EPA
EPA
EPA
EPA
EPA

cLp
cLp
cLp
CLP
cLe
CiLp
cLp
cLp
CcLpP
cLp
cLe
cLe
cLp
CLP
cLep
cLp
CLP
cLp
cLp
cLp
CLP
cLp
cLp

cLe
cLp

"

Required Detection Limits
Mater

w
[ =g
"=
~
~

[~}

o

Precision Accuracy
Soil/Sed. Objective Objective
WATER/SOIL- WATER/SOIL

5 ug/Kg(lou)’ e _w
5

5

S

10

5

5

10

S

5

)

S

5

S

S

5

5

10

10

5

5

S

5

)

5

5

=
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EPA CLP

TABLE B1. ANALYTICAL METHODS, DETECTION LIMITS, AND DATA QUALITY OBJECTIVES
Required Detection Limits Precision Accuracy
Analyte Method sy G solL SED Vater Soil/Sed. Objective Objective
Target Compound List - x* X X WATER/SOIL WATER/SOIL
Semi-Volatiles
Phenot EPA CLP SO 10 ug/L 330 ug/Kg’ e bk
bis(2-Chlorocethyl)ether EPA CLP SOW 10 330
2-Chtorophenol EPA CLP SOW 10 330
- 1,3-Dichlorobenzene EPA CLP SOW 10 330
1,4-0ichlorobenzene EPA CLP sow* 10 330
Benzyl Alcohol EPA CLP sSoW 10 330
1,2-Dichlorobenzene EPA CLP SOM* 10 330
2-Methylphenol EPA CLP SOM 10 330
bis(2-Chlaroisopropyt )ether EPA CLP SOM° 10 330
4-Methy!phenol EPA CLP SOM* 10 330
N-Nitroso-Dipropylamine EPA CLP SOW 10 330
Hexachloroethane EPA CLP SOW* 10 330
Nitrobenzene EPA CLP SOW* 10 330
Isophorone EPA CLP SOW* 10 330
2-Hitrophenol EPA CLP SOV 10 330
2,4-Dimethylphenol EPA CLP SO 10 330
Benzoic Acid EPA CLP SOV S0 1600
T bis(2-Choroethoxy)methane . EPA CLP sow* 10 330
2,4-0ichlorophenot EPA CLP SOM* 10 330
1,2,4-Trichiorobenzene EPA CLP SOW* 10 330
Naphthalene EPA CLP SOV 10 330
4-Chloroanal ine EPA CLP SOM 10 330
Hexachlorobutadiena EPA CLP SOM* 10 330
4&-Chloro-3-methylphenol EPA CLP SOW* 10 330
2-Hethylnaphthalene sow* 10 330
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TABLE B1. ANALYTICAL METHODS, DETECTION LIMITS, AND DATA QUALITY OBJECTIVES

Analyte

Target Compound List -
Semi-Volatiles (continued)

Hexachlorocyclopentadiene
2,4,6-Trichlorophenol
2,4,5-Trichlorophenot
2-Chloronaphthalene
2-Nitroanaline
Dimethylphthalate
Acenaphthylene
2,6-0initrotoluene
3-Nitroaniline
Acenaphthene
2,4-Dinitrephenol
4-Nitrophenol

Dibenzofuran
2,4-Dinitrotoluene
Diethylphthalate
4-Chlorophenol Phenyl ether
Fluorene

4-Nitroanaline
4,6-Dinitro-2-methyiphenot
N-nitrosodiphenylamine
4-8romophenyl Phenyl ether
Hexachlorobenzene
Pentachlorophenol
Phenanthrene

Method

EPA
EPA

EPA
EPA
EPA
EPA
EPA
EPA
EPA
EPA
EPA
EPA
EPA
EPA
EPA
EPA
EPA
EPA
EPA

EPA
EPA
EPA

cLp
cLe
cLp
CLp
cLp

cLP
cLp
cLp
CLP
cLp
cLp
cLp
CLP
cLp
cLp
cLp
cLp
cLP
CLP
cLp
CLP
CLP
cLp

4

12

>
3

SoiL

X

SED

X

Required Detection Limits
Mater

10 ug/L
10
S0
10
S0
10
10
10
50
10
S0
50
10
10
10
10
10
S0
S0
10
10
10
50
10

Precision

Sail/Sed. Objective

WATER/SOIL

330 ug/Kg' e
330
1600
330
1600
330
330
330
1600
330
1600
1600
330
330
330
330
330
1600
1600
330
330
330
1600
330

Accuracy
Gbjective
VATER/SOIL

“ew




TABLE B1. ANALYTICAL METHODS, DETECTION LIMITS, AND DATA QUALITY OBJECTIVES

Required Detection Limits Precision Accuracy

Analyte Nethod su [n’] SoIL SED Water Soil/Sed. Objective Objective
Target Compound List - X X X : WATER/SOIL WATER/SOIL
Semi-Volatiles (continued)

Anthracene EPA CLP SOM* 10 ug/L 330 ug/Kg’ bid ew

Di-n-butylphthalate EPA CLP SOM* 10 330

Fluoranthene EPA CLP SOV . 10 330

Pyrene © EPA CLP SOM* 10 330

Butyl Benzylphthalate EPA CLP SOM® . 10 330

3,3'-Dichlorobenzidine EPA CLP sSOMW* 20 660

8enzo(a)anthracene EPA CLP SO 10 330

Chrysene EPA CLP sOW 10 330

bis(2-ethylhexyl )phthalate EPA CLP sOW* 10 330

Di-n-octyl Phthalate EPA CLP SOW' 10 330

Benzo(b)fluoranthene EPA CLP SOW* 10 330

Benzo(k)fluoranthene EPA CLP SOM* 10 330

Benzo(a)pyrene EPA CLP SOV 10 330

Indeno(1,2,3-cd)pyrene EPA CLP SOM* 10 330

Dibenz(a,h)anthracene EPA CLP sOW* 10 330

Benzo(g,h, i)perylene EPA CLP SOM" 10 330
Target Compound List - X’ X X WATER/SOIL WATER/SOIL
Pesticides/PCBs (XRPD) (X Recovery)

alpha-BHC EPA CLP SO 0.05 ug/L 8.0 ug/Kg’ d whw

beta-BHC EPA CLP SOW* 0.05 8.0

detta-8HC EPA CLP SOW* 0.05 8.0

gamma-BHC (Lindane) EPA CLP SOM* 0.05 8.0

Heptachlor EPA CLP SOW* 0.05 8.0
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TABLE B1. ANALYTICAL METHODS, DETECTION LIMITS, AND DATA QUALITY OBJECTIVES
Required Detection Limits Precision Accuracy
Analyte Method W [n'} soiL SED Mater Soil/Sed. Objective Objective
Target Compound List - x* X X WATER/SOIL WATER/SOIL
Pesticides/PCBs (continued)
Aldrin EPA CLP SOM* , 0.05 ug/t 8.0 ug/Kg’ e e
Heptachlor Epoxide EPA CLP SOW* 0.05 8.0
Endosulfan 1 EPA CLP SOW 0.05 8.0
pDieldrin EPA CLP SOW' 0.19 16.0
4,47 -0DE EPA CLP SOW° 0.10 16.0
Endrin EPA CLP SOM 0.10 16.0
Endosul fan 11 EPA CLP SOW 0.10 16.0
4,4 -D0OD EPA CLP SOW* 0.10 16.0
Endosut fan Sulfate EPA CLP SOW 0.10 16.0
&,6-00T EPA CLP SOW° 0.10 16.0
Methoxychlor EPA CLP SOW* 0.5 80.0
Endrin Ketone EPA CLP SOV 0.10 16.0
alpha-Chlordane EPA CLP SOW* 0.5 80.0
gamma-Chlordane EPA CLP SOW* 0.5 80.0
Toxaphene EPA CLP SOM* 1.0 160.0
AROCLOR- 1016 EPA CLP SOM* 0.5 80.0
AROCLOR- 1221 EPA CLP SOW* 0.5 80.0
AROCLOR- 1232 EPA CLP sOW 0.5 80.0
AROCLOR- 1242 EPA CLP SOM® 0.5 80.0
AROCLOR- 1248 EPA CLP SOW* 0.5 80.0
AROCLOR- 1254 EPA CLP SOM* 1.0 160.0
AROCLOR- 1260 EPA CLP SOV 1.0 160.0
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TABLE B1. ANALYTICAL METHODS, DETECTION LIMITS, AND DATA QUALITY OBJECTIVES

Required Detection Linmits Precision . Accuracy
Analyte Method sw [rY] SoIL SED Mater Soil/Sed. Objective Objective
(Replicate (Laboratory
RAD {ONUCL IDES . . Analyses) Control Sample)
Gross Alpha f.g.h,i,k,l,mn X x’ 3 X 2 pCi/L 4 pCi/g Lid sen
Gross Beta f,g,h,i,k,l,mn X' x’ X X 4 pCi/L 10 pCi/g
Uranium f,h,i,m,n x' x’ X X 0.6 pCi/L 0.3 pCi/g
2334234
Uranium 235,238 f,h,i,mn x' x' X X 0.6 pCi/L 0.3 pCi/g
Americium 241 P.q X' x’ X X 0.01 pCi/L 0.02 pCi/g
Plutonium 239+240 o,p X' x' X X 0.01 pCi/L 0.03 pCi/g
Tritium f,g,h,m X’ X’ X X 400 pCi/t 400 pCi/L
Strontium 89,90 f,h,i,m X X NA 1 pCi/g
Strontiun 90 only t,h,i,m X' x’ 1 pCi/L NA
Cesium 137 m X' x' X X 1 pCistL 0.1 pCi/g
Radium 226 f,9,h,m X' x' 0.5 pCi/L 0.5 pCi/g
Radium 228 f,g,h,m X' x' 1 pCi/sL 0.5 pCi/g
Analyte Method 1Y) [a7] solL SED Readability Objective Accuracy
FIELD PARAMETERS
pH R X X * 0.1 pH unit % 0.2 pH units
Specific Conductance 1 X X 2.5 umho/cm’ * 2.5% max. error at 500, 5000,
25 umho/cm’ 50000 umhos/cm plus probe;
250 umho/cm’ * 3.0%X max error at 250, 2500,
and 25000 plus probe accuracy of
+ 2.0%.
Temperature 1 X X + 0.1°C + 1.0°C
Dissolved Oxygen 1 X * 0.1 mg/L * 10X
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TABLE B1. ANALYTICAL METHODS, DETECTION LIMITS, AND DATA QUALITY OBJECTIVES

# for samples collected from IHSSs 102 and 105 only [BHO1,BHO2,BHO3,BHO4 BHOS,BHO6,BHO7,BHO8 (MW33),BHO9,BH1S,BH16,BH17,BH18, MU0, HWO2, MWO3, MW33
(BHO8)).

** precision objective = control limits specified in referenced method and/or Data Validation Guidelines.

«** pccuracy objective = controt limits specified in referenced method (in GRRASP for radionuclides).

F = Filtered

U = Unfiltered

1. Measured in the field in accordance with instrument manufacturer’s instructions. The instruments to be used are specified in Section 12.

2. Medium soil/sediment required detection limits for pesticide/PC8 TCL compounds are 15 times the individual low soil/sediment required detection .
limit.

3. Detection limits listed for soil/sediment are based on wet weight. The detection limits calculated by the {aboratory for soil/sediment,
calculated on dry weight basis as required by the contract, will be higher.

4. Higher detection limits may only be used in the following circumstance: [f the sample concentration exceeds five times the detection limit of the
instrument or method in use, the value may be reported even though the instrument or method detection {imit may not equal the required detection
limit. This is illustrated in the example below:

for lead:

Method in use - ICP

Instrument Detection Limit (IDL) - 40
Sample Concentration - 220

Required Detection Limit (RDL) - 3

The value of 220 may be reported even though the instrument detection limit is greater than the RDL.

Note: The specified detection limits are based on a pure water matrix. The detection limits for samples may be considerably higher depending on
the sample matrix. .

S. 1f gross alpha > § pCi/L, analyze for Radium 226; if Radium 226 > 3 pCi/L, analyze for Radium 228.

6. The detection limits presented were calculated using the formula in N.R.C. Regulatory Guide &.14, Appendix Lower Limit of Detection, pg. 21, and

fol low:
4 .66 (BKG/BKG DUR)'’ 4.66 (BKG/Sample DUR)'*
LLs = MDA =
(2.22)(Ef£)(CRI(SR) (e-At)(AliqQ) (2.22)CEff)(CRI(SRYe T (Aliq)
Where:
LLD = Lower Limit of Detection in pCi per sample unit. MDA = Minimum Detectable Activity in pCi per
BKG = Instrument Background in counts per minute (CPM). sample unit
Eff = Counting efficiency in cpm/disintegration per minute (dpm). BKG = same as for LLD
CR = Fractional radiochemical yield. Eff = same as for LLD
SR = Fractional radiochemical yield of a known solution. CR = same as for LLD
A\ = The radioactive decay constant for the particular radionuclide. SR = same as for LLD
t = The elapsed time between sampte collection and counting. A\ = same as for LLD
Aliq = Sample volume. : t = same as for LLD
BKG DUR = Background count duration in minutes. Aliq = same as for LLD
Sample DUR = sample count duration in minutes




TABLE B1. ANALYTICAL METHODS, DETECTION LIMITS, AND DATA QUALITY OBJECTIVES

7. On S00 uvho/cm range.

8. On 5000 umho/cm range.

9. On 50000 umho/cm range.

a. U.S. Environmental Protection Agency Contract Laboratory Program Statement of Work for Inorganics Analysis, Multi-Media, Multi-Concentration, 7/88
(or latest version).

b. U.S. Environmental Protection Agency Contract Laboratory Program Statement of Work for lnorganics Analysis, Multi-Media, Multi-Concentration, 7/88
(or latest version). The specific method to be utilized is at the laboratory’s discretion provided it meets the specified detection limit. '

c. U.S. Environmental Protection Agency Contract Laboratory Program Statement of Work for Organic Analysis, Multi-Media, Multi-Concentration, 2/88
(or latest version).

d. Methods are from "Methods for Chemical Analysis of Water and Wastes," U.S. Environmental Protection Agency, 1983, unless otherwise indicated.

e. Methods are from "Test Methods for Evaluation of Solid Waste, Physical/Chemical Methods,® (SW-8446, 3rd Ed.), U.S. Environmental Protection Agency.

f. U.S. Environmental Protection Agency, 1979, Radiochemical Analytical Procedures for Analysis of Environmental Samples, Report No. EMSL-LY-0539-1,
Las Vegas, NV, U.S. Environmental Protection Agency.

g. American Public Health Association, American Mater Works Association, Water Poliution Controt Federation, 1985. Standard Methods for the
Examination of Water and Wastewater, 16th ed., Washington, 0.C., Am. Public Health Association.

h. U.S. Envirormental Protection Agency, 1976. Interim Radiochemical Methodology for Drinking Water, Report No. EPA-600/4-75-008. Cincinnati U.S.
Environmental Protection Agency.

i. Harley, J.H., ed., 1975, HASL Procedures Manual, HASL-300; Washington, D.C., U.S. Energy Research and Development Administration.

j. US EPA-600/4-82-057.

k. "Handbook of Analytical Procedures," USAEC, Grand Junction Lab. 1970, page 196.

l. “"Prescribed Procedures for Measurement of Radiocactivity in Orinking Water," EPA-600/4-80-032, August 1980, Environmental Monitoring and Support
Laboratory, Office of Research and Development, U.S. Environmental Protection Agency, Cincinnati, Ohio 45268.

m. “"Methods for Determination of Radiocactive Substances in Water and Fluviat Sediments,” U.S.G.S. Book 5, Chapter AS, 1977,

n. "Acid Dissolution Method for the Analysis of Plutonium in Soil,* EPA-600/7-79-081, March 1979, U.S. EPA Envirommental Monitoring and Support
Laboratory, Las Vegas, Nevada, 1979.

o. "Procedures for the lsolation of Alpha Spectrometrically Pure Plutonium, Uranium, and Americium," by E.H. Essington and B.J. Drennon, Los Alamos
National Laboratory, a private communication.

p. "lsolation of Americium from Urine Samples," Rocky Flats Plant, Health, Safety, and Environmental Laboratories.

q. "Radioactivity in Drinking MWater,"™ EPA 570/9-81-002. :

r. 1f the sample or duplicate resut is <5 x IDL, then the control limit is ¢ IDL.




Attachment A.1.2
List IT - Potential Principal Contaminants




PRINCIPAL CONTAMINANTS — METALSANORGANICS

| information inh RIC (s) Inh SF
: Source (mg/xg/amy) (mg/xg/aay) -1
Arsenic ab ——————— 05
Barlum a,b 0.001 ———————
.‘l Berylitum D 84
. Cagmium 6 .- - 6.1
' Chromium Il b S70E-08 = =%/ —=meea-
Chromium Vi b 5.70E~08 0.012
Mangansse ab 114E-04 = 0 6m=m=e---
: l Mercury b 860E-05 @ m=——m—-
PRINCIPAL CONTAMINANTS - RADIONUCLIDES
I Information inhamtion
R Source (PCH =1
Uranium 233 + 234 b 2.70E-08
: Uranium 236 b 2 50E-08
I Uranium 238 b 2.40E-08
. Americium 241 b 4.00E-08
Plutonium 238 + 240 b 4.10E~08
Trilum (gas) b 7.80E-14
: Strontium 89 + 80 ) 290E-12
: Strontium 80 b 5.60E-11
i Cesium 137 b 5.00E-10
Ragdlum 228 b 8.10E-08
Raglum 228 b 1.B0E-08
' PRINCIPAL CONTAMINANTS - VOLATILE ORGANICS
information Inh RIC (8) Inh SF
I Source (mgha/cay) (mg/kg/cay) -1
Chioroform ab ——————— 0.081
1,1,9-Trichioroethane b 3 ——————
Carbon Tetrachioride b —————— 0.13
;l Benzene a,b ———————— 028
i Tolusne ab 0.6 e a——
8  Dichioromethans (Methylene Chiorids) ab 09 0.0002
Xylenes ab 0.0 ———————
Mathy! Ethyi Ketone (2—-8utanone) a,b 09 —mm e ———
l 1,2-Dichiorosthans ab ——————— 0.091
j Bromomethane ab 02 ———————
i Carton Olsulfide ab 0.003 —mc————
1,4 ~Dichioroethens ab ——————— 12
1,1=-Dichioroethane b 1 ———————
14 vinyl Acetate ab 0.08 - ———
. - 1,3-Dichicropropene a,b 0.06 0.13
! 1,1,2-Trichloroethane b ——————— 0.057
Bromoform ab ——————— 0.0039
Tetrachiorosthene b - ——— 0.018
Chicroberzens ab 0.05 ———————
l Ethyibenzens ab 0.3 ———————
Styrene ab ——————- 0.03
\' Vinyt Chioricge ab - - 0.029
1,2-Dichiorosthane ab - 0.091
1,2-Dichioropropane ab _———————— 0.13
l 1,1,2,2,~ Tetrachioroethane ab - - 02
\ PRINCIPAL CONTAMINANTS — SEMNOLATILE ORGANICS
l Information inh RIC () Inh SF
Source {mpAcqy/day) (mg/kg/cay)—1
» Bis(2-chioroethyfether ab ——————— 11
1,4~-Dichioroberzens ab 0.7 ———————
l 1,2-Dichicrobenzens ab 2 _———————
Nirobenzene a,b 0.02 ——————
Hexachioroethane ab ——————— 0.014
1,2,4=Trichlorcbernzens b 0.03 ———————
Hexachiorobutadiene ab ——me———- 0.078
Hexachlorocyciopsniadisne ab 0.0007 ———————
2,4,6-Trichlorcpheno! ab 00 emmmee- 0.011
Hexachiorobenzens ab —————— 1.6
l a - Integrated Risk Information System
b — Health Effects Assessment Summary Tables
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A3.5, and A.3.6, respectively. These attachments are spreadsheets developed to
calculate dust emission factors, dose intakes, risks and soil threshold levels for each

of the identified activities.

A3.4 REFERENCES

Turner, D.B., 1967. -Workbook of Atmospheric Dispersion Estimates, Public Health
Service, Publication 999-AP-26, Cincinnati, Ohio: Robert A. Taft Sanitary
Engineering Center.

A-3-4 DRAFT
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ATTACHMENT A.3.2
WIND ROSE
l




Wind Rose for RFP - 1980

0600-1300 HRS MST

. .
. f
.
.
.
.
.
«
. .
.
‘.
’ E
. .
.
.
.
.
.
.
.
.
.
.
.
.
.
. .
. . .
. .
« . .
. .
. .
‘ . . . M .
.
. .
. .
‘. .
. .
. .
. .
. . .




——

' . ROCKY FLATS METEOROLOGICAL MONITORING STATION
60 METER TOWER

l WIND FREQUENCY DISTRIBUTION BY PERCENT - STABILITY CLASS A

JANUARY 1, 1990 - DECEMBER 31, 1990

10 METER LEVEL

WIND SPEED CLASSES (KNOTS)
WIND 3.0- 6.0- 10.0- 16.0-
.‘ DIRECTION <3.0 <6.0 <10.0 <16.0 <21.0 >21.0 CLASS* TOTAL**

N 5.2 2.1 .0 .0 .0 .0 7.34 .33
NNE 7.3 3.7 .0 .0 .0 .0 11.01 .49
NE 8.7 3.8 .0 .0 .0 .0 12.54 .56
ENE 7.0 3.8 .0 .0 .0 .0 10.86 .48
E 14.2 5.8 .0 .0 .0 .0 20.03 .89
ESE 7.6 3.5 .0 .0 .0 .0 11.01 .49
SE 7.4 2.1 .0 .0 .0 .0 9.48 .42
SSE 3.7 .6 .0 .0 .0 .0 4.28 .19
S 2.9 .6 .0 .0 .0 .0 3.52 .16
SSW 1.7 .0 .0 .0 .0 .0 1.68 .07
SW .4 .4 .0 .0 .0 .0 .76 .03
WSW .9 .0 .0 .0 .0 .0 .92 .04
W .6 .1 .0 .0 .0 .0 .76 .03
WNW .9 .1 .0 .0 .0 .0 1.07 .05
NW 1.6 .4 .0 .0 .0 .0 1.99 .09
NNW 2.3 .5 .0 .0 .0 .0 2.75 .12
ALL 72.5 27.5 .0 .0 .0 .0 100.00 4.43

CALMS ARE DISTRIBUTED AS PER NCDC STAR DECK PROCEDURES

* TOTAL PERCENT FOR THIS STABILITY CLASS
*% TOTAL PERCENT RELATIVE TO ALL STABILITY CLASSES

TOTAL NUMBER OF INVALID OBSERVATIONS IN THIS STABILITY CLASS =
TOTAL NUMBER OF VALID OBSERVATIONS IN THIS STABILITY CLASS = 811



ROCKY FLATS METEOROLOGICAL MONITORING STATION
60 METER TOWER
JANUARY 1, 1990 - DECEMBER 31, 1990
WIND FREQUENCY DISTRIBUTION BY PERCENT - STABILITY CLASS B
10 METER LEVEL
WIND SPEED CLASSES (KNOTS)

WIND 3.0~ 6.0- 10.0- 16.0-
DIRECTION <3.0 <6.0 <10.0 <16.0 <21.0 >21.0 CLASS* TOTAL**

N 1.5 3.9 .2 .0 .0 .0 5.62 .14
NNE 2.8 5.7 .5 .0 .0 .0 8.89 .21
NE 3.2 12.0 .0 .0 .0 .0 15.24 .37
ENE 3.8 9.3 .0 .0 .0 .0 13.13 .32
E 4.0 15.9 .0 .0 .0 .0 19.92 .48
ESE 4.3 10.9 .2 .0 .0 .0 15.46 .37
SE 2.9 3.6 .2 .0 .0 .0 6.79 .16
SSE .5 2.3 .0 .0 .0 .0 2.81 .07
S 1.7 .7 .2 .0 .0 .0 2.57 .06
SSW 1.0 1.1 .0 .0 .0 .0 2.11 .05
SW .5 .2 .2 ) .0 .0 .93 .02
WSW .7 .0 .0 .0 .0 .0 .70 .02
w .7 .0 .2 .0 .0 .0 .93 .02
WNW .7 .2 .5 .0 .0 .0 1.39 .03
NW .5 .7 .0 .0 .0 .0 1.17 .03
NNW .7 1.1 .5 .0 .0 .0 2.33 - .06
ALL 29.6 67.6 2.7 .0 .0 .0 100.00 - 2.41

CALMS ARE DISTRIBUTED AS PER NCDC STAR bECK PROCEDURES

* TOTAL PERCENT FOR THIS STABILITY CLASS
*% TOTAL PERCENT RELATIVE TO ALL STABILITY CLASSES

TOTAL NUMBER OF INVALID OBSERVATIONS IN THIS STABILITY CLASS =
TOTAL NUMBER OF VALID OBSERVATIONS IN THIS STABILITY CLASS = 441
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WIND FREQUENCY DISTRIBUTION BY PERCENT - STABILITY CLASS C
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60 METER TOWER

1990 - DECEMBER 31, 199g

10 METER LEVEL

WIND SPEED CLASSES (KNOTS)

3.0~
<6.0
4.0
9.0
10.4
9.1

6.0- 10.0- 16.0-
<10.0 <16.0 <21.0 >21.0 CLASS*

.6 .0 .0 .0 5.43
.7 .0 .0 .0 11.32
.7 .0 .0 .0 12.48
.3 .0 .0 .0 11.51
3 .0 .0 .0 15.70
.4 .1 .0 .0 12.57
4 .1 .0 .0 11.32
.2 .0 .0 .0 4,28
.2 .0 .0 .0 2.85
.3 .0 .0 .0 1.78
.3 .0 .0 .0 .97
.3 .0 .0 .0 .89
.3 .0 .0 .0 1.15
.1 .1 .0 .0 1.25
.7 .0 .0 .0 3.28
.3 .0 .0 .0 3.20
6.1 .3 .0 .0 100.00

CALMS ARE DISTRIBUTED AS PER NCDC STAR DECK PROCEDURES

A

* TOTAL PERCENT FOR THIS STABILITY CLASS
*% TOTAL PERCENT RELATIVE TO ALL STABILITY CLASSES

TOTAL NUMBER OF INVALID OBSERVATIONS IN THIS STABILITY CLASS

TOTAL NUMBER OF VALID OBSERVATIONS IN THIS STABILITY CLASS

TOTAL**

6

.34
.71
.78
.72
.99
.79
.71
.27
.18
.11
.06
.06
.07
.08
.21
.20
.29

1151

0




ROCKY FLATS METEOROLOGICAL MONITORING STATION
60 METER TOWER
JANUARY 1, 1990 - DECEMBER 31, 1990
WIND FREQUENCY DISTRIBUTION BY PERCENT - STABILITY CLASS D
10 METER LEVEL
WIND SPEED CLASSES (KNOTS)

WIND 3.0~ 6.0- 10.0- 16.0-
DIRECTION <3.0 <6.0 <10.0 <16.0 <21.0 >21.0 CLASS* TOTAL**

N .6 2.6 4.1 2.4 .4 .4 10.41 6.91
NNE .7 3.0 3.5 1.5 .1 .0 8.71 5.78
NE .5 2.5 2.0 .5 .0 .0 5.55 3.68
ENE .5 1.4 1.0 .1 .0 .0 3.11 2.06
E .5 1.9 .9 .0 .0 .0 3.42 2.27
ESE .4 2.2 2.5 .2 .0 .0 5.23 3.47
SE .4 3.3 4.9 1.0 .0 .0 9.53 6.33
SSE .5 2.6 3.4 .9 .1 .0 7.59 5.04
S .4 1.6 1.4 .8 .1 .0 4.35 2.89
SSW .3 1.0 .8 .4 1 .0 2.58 1.71
SW .2 .6 .7 .6 .2 .0 2.40 1.60
WSW 2 .5 .5 1.4 .6 .4 3.57 2.37
W .4 .4 .6 2.4 1.6 2.2 7.68 5.10
WNW .2 .6 1.2 4.4 2.7 2.4 11.53 7.66
NW .4 1.1 1.7 3.5 1.0 .3 8.05 5.34
NNW .3 1.4 2.6 1.7 .2 .0 6.30 4.18
ALL 6.6 26.6 31.9 21.9 7.0 5.9 100.00 66.40

CALMS ARE DISTRIBUTED AS PER NCDC STAR DECK PROCEDURES

z |

* TOTAL PERCENT FOR THIS STABILITY CLASS
** TOTAL PERCENT RELATIVE TO ALL STABILITY CLASSES

TOTAL NUMBER OF INVALID OBSERVATIONS IN THIS STABILITY CLASS = 14
TOTAL NUMBER OF VALID OBSERVATIONS IN THIS STABILITY CLASS = 12154
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ROCKY FLATS METEOROLOGICAL MONITORING STATION
- 60 METER TOWER
JANUARY i, 1990 - DECEMBER 31, 1990
WIND FREQUENCY DISTRIBUTION BY PERCENT - STABILITY CLASS E
10 METER LEVEL
WIND SPEED CLASSES (KNOTS)

WIND 3.0- 6.0- 10.0- 16.0-
DIRECTION <3.0 <6.0 <10.0 <16.0 <21.0 >21.0 CLASS* TOTAL**

N .8 2.5 4.6 .0 .0 .0 7.81 1.16
NNE 1.0 3.5 3.5 .0 .0 .0 7.90 1.17
NE 7 3.0 1.5 .0 .0 .0 5.21 .77
ENE .8 2.1 .6 .0 .0 .0 3.59 .53
E 1.1 1.1 .3 .0 .0 . .0 2.56 .38
ESE .4 1.4 1.2 .0 .0 .0 2.91 .43
SE .4 2.5 1.9 .0 .0 .0 4.85 .72
SSE .8 1.8 2.5 .0 .0 .0 5.13 .76
S 1.1 2.1 3.7 .0 .0 .0 6.96 1.03
SSW .5 1.2 3.3 .0 .0 .0 4.94 .73
SW .8 1.4 5.0 .0 .0 .0 7.22 1.07
Wsw .8 1.7 5.8 .0 .0 .0 8.22 1.22
W .9 2.0 4.2 .0 .0 .0 7.02 1.04
WNW .9 2.0 4.5 .0 .0 .0 7.51 1.11
NW .9 2.4 5.8 .0 .0 .0 9.15 1.35
NNW 1.2 2.5 5.4 .0 .0 .0 9.01 1.33
ALL 13.1 33.2 53.8 .0 .0 .0 100.00 14.79

CALMS ARE DISTRIBUTED AS PER NCDC STAR DECK PROCEDURES

* TOTAL PERCENT FOR THIS STABILITY CLASS
** TOTAL PERCENT RELATIVE TO ALL STABILITY CLASSES

TOTAL NUMBER OF INVALID OBSERVATIONS IN THIS STABILITY CLASS =
TOTAL NUMBER OF VALID OBSERVATIONS IN THIS STABILITY CLASS = 2708




‘ROCKY FLATS METEOROLOGICAL MONITORING STATION
60 METER TOWER

- .

JANUARY 1, 1990 - DECEMBER 31, 1990

WIND FREQUENCY DISTRIBUTION BY PERCENT - STABILITY CLASS F
10 METER LEVEL

WIND SPEED CLASSES (KNOTS)
WIND ' 3.0- 6.0- 10.0- 16.0-
DIRECTION <3.0 <6.0 <10.0 <16.0 <21.0 >21.0 CLASS* TOTAL**

- -l - 4
. J

N .4 6.8 .0 .0 .0 .0 7.20 .38
, NNE .3 2.1 .0 .0 .0 .0 2.33 .12
NE .6 1.8 .0 .0 .0 .0 2.43 .13
ENE .4 1.0 .0 .0 .0 .0 1.38 .07
E .2 .5 .0 .0 .0 .0 .74 .04
ESE .2 .3 .0 .0 .0 .0 .53 .03
SE .3 3.4 .0 .0 lo. .0 3.70 .20
SSE 1.3 4.6 .0 .0 ! .0 .0 5.93 .32
S 1.0 7.7 .0 .0 .0 .0 8.68 .46
SSW 1.0 6.4 .0 .0 .0 .0 7.41 .39
SW .8 8.6 .0 .0 .0 .0 9.42 .50
WSwW 1.2 8.8 .0 .0 .0 .0 10.05 .54
W 1.5 9.7 .0 .0 .0 .0 11.22 .60
WNW 1.9 9.9 .0 .0 .0 .0 11.85 .63
NW 1.5 7.7 .0 .0 .0 .0 9.21 .49
NNW 1.7 7.3 .0 .0 .0 .0 7.94 .42
ALL 13.3 86.7 .0 .0 .0 .0 100.00 5.33

CALMS ARE DISTRIBUTED AS éER NCDC STAR DECK PROCEDURES

* TOTAL PERCENT FOR THIS STABILITY CLASS
*%* TOTAL PERCENT RELATIVE TO ALL STABILITY CLASSES

TOTAL NUMBER OF INVALID OBSERVATIONS IN THIS STABILITY CLASS =
TOTAL NUMBER OF VALID OBSERVATIONS IN THIS STABILITY CLASS = 975
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ROCKY FLATS METEOROLOGICAL MONITORING STATION
60 METER TOWER

JANUARY 1, 1990 - DECEMBER 31, 1990

"- ;- -

WIND FREQUENCY DISTRIBUTION BY PERCENT - STABILITY CLASS ALL

l 10 METER LEVEL
WIND SPEED CLASSES (KNOTS)
WIND 3.0- 6.0- 10.0- 16.0-
. DIRECTION <3.0 <6.0 <10.0 <16.0 <21.0 >21.0 CLASS* TOTAL**
N .8 2.9 3.4 1.6 .2 .2 9.29 9.25
l NNE 1.1 3.5 2.9 1.0 .0 .0 8.52 . 8.49
L .2 NE 1.1 3.3 1.6 .3 .0 .0 6.31 6.29
ENE 1.0 2.3 .8 .1 .0 .0 4.20 4.19
l E 1.4 3.0 .7 .0 .0 .0 5.06 5.04
: ESE .9 2.7 1.9 .1 .0 .0 5.60 5.58
SE .9 3.5 3.6 .6 .0 .0 8.57 8.54
° SSE .8 2.5 2.6 .6 .1 .0 6.66 6.64
l S .7 2.0 1.5 .5 .1 .0 4.79 4,78
SSW .5 1.2 1.0 .3 .1 .0 3.09 3.08
SW .3 1.2 1.2 .4 .1 .0 3.29 3.28
WSW .4 1.1 1.2 1.0 .4 .3 4.25 4.24
W .5 1.1 1.1 1.6 1.1 1.5 6.89 6.87
WNW .5 1.3 1.5 3.0 ‘1.8 1.6 9.59 9.56
NW .7 1.6 2.1 2.3 .7 .2 7.54 7.51
NNW .6 1.9 2.6 1.1 .1 .0 6.34 6.32
ALL 12.1 35.0 29.7 14.6 4.7 3.9 100.00 99.64

CALMS ARE DISTRIBUTED AS PER NCDC STAR DECK PROCEDURES

* TOTAL PERCENT FOR THIS STABILITY CLASS
** TOTAL PERCENT RELATIVE TO ALL STABILITY CLASSES

TOTAL NUMBER OF INVALID OBSERVATIONS IN THIS STABILITY CLASS = 18
TOTAL NUMBER OF VALID OBSERVATIONS IN THIS STABILITY CLASS = 18240
JOINT DATA RECOVERY RATE = 99.9%
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ATTACHMENT A.3.3
ZONIF A CALCULATIONS
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DESCRIPTION: The equation for hole drilling predicts emissions on a per hole basis. = variables requiring input
HOLE DRILLING - ZONFE A
Turners X/Q
Far Respirable Fines < =15um Contaminant Dspasion
EHE(kg/ole) = 0.25 (note 1) Variable Unit Parameter Remark
Variable Unit Parameter Q1, Emision Rate - Non-Radionclide ghec. 6.94E-09 Receptar @
=mssooossssssso=en EEEE T Q2, Emésion Rate ~ Radionuclides pCikec. 6.94E-03 1.64 km
D, Depth of Hole m Q3, Emission Rate - VOGs gfsec. 1.18E-05
DI, Diameter of Hole m Pi 314
DT, Bulk Density of Soil Mg/m~ 3 Sigmay m Class D stability|
T, Total Period of Hole Dritling br Sigma z m Class D stability|
: Wind speed mAec
- Contaminant Concentrations  at Fenceline
Non~Radionuclides mg/m~ 3 9.95E 11
MT, Total Mass of Soil Removed Mg 0.42 Radiomuclides pCiim~3 9.95E-08
VOC Total (note 2) I 0.42 VOGs mg/m ~3 1.69E-07
Initiat Concentrations of Contaminants in Soib at Source
Radionuclides (pCi/g) 1.00E +00
Non—Rad’s (ug/g or ppm) 1.00E +00
VOCs (ug/g o ppm) 1.00E +00
Emissions at Source: (note 3)
Par ticulate Emissions from Source kg/hole 2.50E-01
Non-Radionuclide (solids) Emission Rate gh 6.94E -09
Radionuclide Emésion Rate(note 4) pCis 6.94E-03
VOCs Emasion Rate gh 1.18E -05
. Target Thresbold Risk 1.00E -06 I
Note 1: Reference Memorandum {rom Tom Tistinic, Public Health Engineer, on Fugitive Particulate Emasions, July 2, Target Threshold Hazard Index 0.1

1984. Through Colorado Department of Health, Air Pollution Control Division.
Note 2: V OCs are assumed to be completely volatilized and emitted diring this activity.
Note 3: Contaminant emissionrates are based on the d initial i concentrations in the soil.
Note 4: Radi fides are d to be distributed only and bomogeniowsly in the top 6 inch layer of soil.
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'HOLE DRILLING — ZONRE A
EPAThreshold Lewels

Radionuclides
Uranium 233 & 234
Uranium 235

Uranium 238
Americium 241
Plutonium 239 & 240
Tritium (gas)*®
Strontium 89

Strontium 90

Cesium 137

Radium 226

Radium 228

Non —Radionuclides
Arsenic

Barium

Beryllium

Cadmium

Chromium I
Chromium V1
Manganese

Mercury
Hexachlorocyclohexane (alpha)
Hexachlarocyclohexane (beta)
Heptachior

Heptachlor Epaxide
Aldrin

Dieldrin

DDT

Chlardane (alpha, gamma)
Toxaphene

VOCs & Semi—VOCs
Chioroform
1,1,1-Trichloroethane
Carbon Tetrachlaride
Benzene

Toluene
Dichloromethane
Xylenes

MEK
1,2-Dichloroethane
Bromomethane

Carbon Disulfide
1,1—-Dichloroethene
1,1—Dichloroethane
Vinyl Acetate
1,3—Dichloropropene
1,1,2~Trichloroethane
Bromofarm
Tetrachlaroethene
Chlorobenzene
Ethylbenzene

Styrene

Viny! Chloride
1,2—Dichloroethane
1,2—Dichloropropane
1,1,2,2-Tetrachloroethane
2—Chloroethyl Ether
1,4—Dichlorobenzene
1,2—Dichlorobenzene
Nitrobenzene
Hexachloroethane
1,2,4—Trichlorobenzene -
Hexachlorobutadiene
Hexachlorocyclopentadiene
2,4,6—Trichlorophenol
Hexachlorobenzene

LBCR
Threshold Cone.

pCifg
425E+04
4.59E+04
4.78E+04
287E+04
2.80E+04
147E+10
3.96E+08
2.05E+07
2.34E+07
3REHS
1.77E+06

U
4.10E+04

2.ME+05
336E+05

5.01E+05

326E+05
1.14E+06
4.56E+05
226E+05
121E+405
128E+06
6.04E+06
1.58E+06
1.87E+06
" u
1.49E+04

9.31E+03
4.03E+04

6.05E+05

1.33E+04

1.01E+03

9.31E+03
2.12E+04
3.10E+05
6.72E+05

6.05E+05
4.17E+04
1.33E+04
9.31E+03
6.05E+03
1.10E+03

8.65E+04
1.55E+04

1.10E+05
7.56E+02

HI
Threshold Conc.

147E+07

8.36E+04
8.36E+04
1.67E+06
126E+06

2.59E+H07

5.19E+06
7.78E+06
7.78E+05
7.78E+06

1.73E+05
2.59E+04

8.65E+06

5.19E+05
5.19E+4

4.32E+05
2.59E+06

1.73E+06
3.46E+06
5.19E+04
2.59E+05

1.73E+03




DESCRIPTION: The equation for vehicle traffic predicts emisions bas ed on silt content, mean vehicle speed,”— = variables requiring input
weight and number of wheeb, and the number of days with precipiation > = .254mm.
il S Zonc A,
Turoers X/Q —_ —_
Far Respirable Fines < =10um, K = 0.45 Contaminant Dpersion
EHE(kg/V KT) = R(1.7)(s/12)(S/48)(W/2.T) ~ . T w/4) ~ .%(365~p)/365) (note 1) Variable Unit Parameter Remark
Variable Unit Parameter Q1, Emésion Rate — Non=Radionuclids ghec. 2.63E-07 Recepta @
Dooeooeossssso==oas sesowm = c=nes —_ Q2, Emision Rate — Radi fid pCisec. 2.63E-01 1.64 km
s, Silt Content % Q3, Emission Rate - VOCs gfsec. 0.00E +00
S, Mean Vehicle Speed km/hr Pi — — 4
W, Mean Vehicle Weight Mg Sigmay [ 110:Class D stability
w, Mean Number of Wheeb Sigma z m Clxss D stability
P, Days with Prec. > =0.254mm Wind speed __ mhec
T, Dur ation of Activity br Contaminant Concentrations at Fenceline
D, Total V ehicte Distance Travelled km Non—Radionuclides mg/m~ 3 377E-~09
Radionuclides - pCim "3 ATIE-06
VOC Total (note 2) 0.00 VOO - mg/m*3 0.00E +00
Initial Concentrations of Contaminants in Soib at Source
Radionuclides (pCi/g) 1.00E +00
Non-Rad’ (ug/g or ppm) 1.00E +00
- — VOGCs (uglg o« ppm) T 1.00E +00
Emissions at Source: (oote 3)
Particulate Emissions from Source kg/km 9.48E~01
Non—Radionuclide (solids) Emision Rate gh 2.63E-07
Radionuclide Emasion Rate (note 4) pCis 2.63E-01
VOG Emésion Rate gA 0.00E +00
Target Threshold Rk 1.00E -06 |
Note 1: Reference Memorandum from Tom Tistinic, Public Health Engineer, on Fugitive Particulate Embsions, July 2, IIIJG Threshold Hazard lndex 0.1

- 1984, Tbrough Colorado Department of Health, Air Pollution Control Division,
Note 2: VOCs emiss ions are assumed to be negligable foc this activity.
Note 3: Contaminant emissionrates are based on the d initial i ations in the soil.
Note 4: Radi lides are ed to be distributed only and homogeniowly in the top 6 inch layer of soil. - —




Vehicle Traffic — Light(10 VKT/Day) — Zose A

Dose/Risk Estimates — Radionuclides

Variable Unit Parameter
Intake Rate m " 3/

Intake Duration hr/day

Exposure Period Days

Fract. Leeward Wind Factor

Intake Concentration pCim ~ 3 3.77E-06
Intake/Exposure Period pCi 3.30E-02
EPA L.E.C.R.

Uranium 233 & 234 9E-10
Uranium 235 8E-10
Uranium 238 8E~-10
Americium 241 1E-09
Plutonium 239 & 240 1E-09
Tritium (gas)** 3E-15
Strontium 89 1E-13
Strontium 90 2E-12
Cesium 137 2E-12
Radium 226 1E-10
Radium 228 2E-11

Dosc/Risk Estimates — Non-- Radioasclides

Variable Unit Parameter
Intake Rate m " 3/he

Intake Duration hr/day

Exposure Period Days

Fract. Leeward Wind Factor

Intake Concentration mg/m * 3 3.77E~09
Intake/Exposure Period mg 3.30E~05
Carcinogen Dose Rate  mg/kg/day 1.85E~11
Non-Carc. Dose Rate  mg/kg/day 2.59E~10
EFPA L.E.C.R.

Arsenic 9E~ 10
Beryltium 2E~10
Cadmium 1E~10
Chromium VI 8E~11
a— Hexachlorocyclohexane 1E-10
B- Hexachlorocyclohexane 3E-11
Heptachlor 8E-11
Heptachlor Epoxide 2E-10
Aldrin 3E~-10
Dieldrin 3E-11
DDT 6E~-12
Chlordane (alpha, gamma) 2E-11
Toxaphene 2E-11
Hazard Quotieat

Barium 3E-07
Chromium III SE-05
Chromium VI SE-05
Manganese 2E-06
Mercury 3E-06

Dose/Risk Estimates — VOCs

Variable Unit
Intake Rate m~ 3/
Intake Duration hr/day
Exposure Period Days
Fract. Leeward Wind Factor

Intake Concentration mg/m ~ 3
Intake/Exposure Period mg
Carcinogen Dose Rate  mg/kg/day
Non—Carc. Dose Rate = mg/kg/day

EPA LEC.R.

Chloroform

Carbon Tetrachloride
Benzene
Dichloromethane

1,2- Dichlaroethane
1,1- Dichlaroethene
1,3- Dichlaropropene
1,1,2- Trichloroethane
Bromoform
Tetrachloroethene
Styrene

Vinyl Chloride

1,2- Dichlaroethane
1,2- Dichlaropropane
1,1,2,2— Tetrachloroethane
2-Chloroethyl Ether
Hexachlorethane
Hexachlorobutadiene
2,4,6— Trichlorophenol
Hexachiorobenzene

Hazard Ouotieat

1,1,1~Trichloroethane
Toluene
Dichloromethane
Xylenes

MEK

Bromomethane

Carbon Disulfide

1,1- Dichlaroethane
Vinyl Acetate

1,3- Dichloropropene
Chlorobenzene
Ethylbenzene

1,4~ Dichlarobenzene
1,2- Dichlorobenzene
Nitrobenzene

1,2,4- Trichlorobenzene
Hexachlorocyclopent adiene

Parameter

0.00E +00
0.00E+00
0.00E +00
0.00E +00

OE + 00
OE + 00
0E+00
0E+00
0E+00
OE+00
OE +00
0E+00
0E+00
0E+00
0E+00
0E+00
OE+00
0E +00
OE +00
O0E+00
0E +00
0E+00
O0E+00
0E+00

0E+00
0E+00
0E+00
OE +00
0OE +00
0E+00
0E+00
0E+00
0E+00
0E+00
OE+00
OE +00
O0E+00
0E+00
0E +00
OE +00
0E +00




icle 1¢ — L1t ay) — Zone A
8 LE.CR HI

Threshold Conc.  Threshold Conc.

Radionuclides pCifg

Uranium 233 & 234 " 1.12E+03

Uranium 235 121E+03

Uranium 238 126E+03

Americium 241 1.5TE+02

Plutonium 239 & 240 7.38E+02

Tritium (gas)** ‘ 3.88E+08

Strontium 89 1.4E+07

Strontium 90 5.40E+05

Cesium 137 6.18E+05

Radium 226 1.01E+04

Radium 228 4.66E+04

Non—Radionuclides ugfg

Arsenic : 1.08E+03

Barium 3.87E+05

Beryllium | 6.44E+03

Cadmium 8.87 E+“03

Chromium I11 | 220E+03

Chromium VI | 1.32E+4 220E+03

Manganese i 441E+04

Mercury 3RE+M

Hexachlarocyclohexane (alpha) 8.59E+03

Hexachlarocyclohexane (beta) . 3.01E+04

Heptachlor i 120E+04

Heptachlor Epaxide 5.95E+03

Aldrin 3.18E+03

Dieldrin |338E+04

DDT 1.59E+05

Chiordane (alpha, gamma) 4.16E+04

Toxaphene 4.92E+04

VOCs & Semi—VOCs ‘ og/g ug/g

Chloroform NA N/A

1,1,1-Trichloroethane N/A N/A

Carbon Tetrachlaride NA N/A

Benzene NA NA !

Toluene | N/A N/A

Dichloromethane N/A N/A

Xylenes NA NA

MEK N/A N/A

1,2—Dichloroethane N/A N/A

Bromomethane N/A N/A

Carbon Disulfide N/A N/A

1,1-Dichloroethene N/A N/A

1,1—Dichloroethane " NA NA

Vinyl Acetate N/A N/A

1,3—Dichloropropene N/A N/A

1,1,2~Trichloroethane N/A N/A

Bromoform N/A NA

Tetrachloroethene N/A NA

Chlorobenzene NA N/A

Ethylbenzene N/A NA

Styrene NA NA

Vinyl Chlaride N/A NA i

1,2-Dichloroethane ' N/A N/A

1,2-~Dichloropropane N/A NA

1,1,2,2—Tetrachloroethane NA NA

2—Chloroethyt Ether N/A N/A

1,4-Dichlorobenzene N/A NA

1,2-Dichlorobenzene N/A N/A

Nitrobenzene N/A N/A

Hexachloroethane N/A N/A

1,2,4~Trichlorobenzene NA NA

Hexachlarobutadiene N/A N/A

Hexachlarocyclopentadiene N/A N/A

2,4,6—Trichlorophenol " N/A N/A

Hexachlarobenzene N/A N/A




DESCRIPTION:

weight and numbe of wheek, and the number of days with precipitation > = .254mm.

For Respirable Fines < =10um, K = 0.45
EHE(kg/V KT) = K(1.7)(s/12)(S/48)(W/2.T) ~ . w/4) ~ .5(365~p)/365) (note1)

Variable Unit Parameter
i3 3223 3 2 % %231 % %3 1 3} T =

s, Silt Content %

S, Mean V chicle Speed km/hr

W, Mean Vehicle Weight Mg

w, Mean Number of Wheek
P, Days with Prec. > =0.254mm
T, Duration of Activity b

D, Total V ehicle Distance Travelled km

VOC Total (note 2) 0.00
Ewissiom at Source: (note 3)

Pa ticulate Emissions from Source kg/km 9.48E-01
Non—-Radi lide (solids) Emasion Rate 8h 2.63E-06
Radionuclide Emasion Rate(note 4) pCis 2.63E+00
VOCG Embsion Rate 0.00E +00

Note 1: Reference Memorandum from Tom Tistinic, Public Health Engineer, on Fugitive Particulate Emasioms, July 2,
1984. Through Colorado Department of Health, Ak Pollution Control Division.

Note 2: VOCs emiss ions are msumed to be negligable for this activity.

Note 3: Contaminant emissionrates are based on the d initial cont ations in the soil.

Note 4: Radi tides are d to be distributed onfy and homogeniowsly in the top 6 inch layer of soil.

The equation for vehicle traffic predicts emissions bas ed on silt content, mean vehiclespeed,

= variables requiring input

Twners X/Q

Contaminant Dispersion

Variable Unit Parameter Remark

Q1, Emission Rate - Non-Radioniclide ghec. 263E-06 Recepta @
Q2, Emasion Rate — Radionuclides pCikec. 2.63E+00 1.64 km

Q3, Emission Rate - VOOs gfsec. 0.00E +00

Pi 3.14

Sigmay ] lass D stability|
Sigma z m tass D stability
Windspeed mhec

Contaminant Concentrations at Fenceline

Non ~Radionuclides mg/m~ 3 3.77E-08

Radionuclides pCi/im~3 3.TME-05

Voo mp/m 3 0.00E +00

Initial Concentrations of Coataminants in Sois at Source

Radionuclides {pCi/g) 1.00E +00

Non -Rad (ug/g or ppm) 1.00E +00

VOGs (ng/g or ppm) 1.00E + 00

Target Threshold Risk
Target Threshold Hazar d Index

1.00E -06
.01




Vebhicle Traffic — Heavy(100 VKT/Day) — Zonc A

Dose/Risk Estimates — Radioauclides

Variable Unit Parameter
Intake Rate m 3/

Intake Duration hr/day

Exposure Period Days

Fract. Leeward Wind Factor

Intake Concentration pCi/im ~3 3.77E-05
Intake/Exposure Period pCi 3.30E-01
BPA L.E.C.R.

Uranium 233 & 234 9E-~09
Uranium 235 8E-09
Uranium 238 8E-09
Americium 241 1E-08
Plutonium 239 & 240 1E-08
Tritium (gas)** 3E-14
Strontium 89 1E-12
Strontium 90 2E-11
Cesium 137 - 2E-11
Radium 226 1E-09
Radium 228 2E-10

Dosc/Risk Estimates — Noan— Radioasclides

Variable Unit Parameter
- - X X % =E=s=s==

Intake Rate m~ 3/

Intake Duration hr/day

Exposure Period Days

Fract. Leeward Wind Factor

Intake Concentration mg/m~3 3.77E-08
Intake/Exposure Period mg 3.30E-04
Carcinogen Dose Rate  mg/kg/day 1.85E~ 10
Noa-Carc. Dose Rate  mg/kg/day 2.59E-09
EPA L.E.C.R.

Arsetic 9E-09
Beryllium 2E-09
Cadmium 1E-09
Chromium VI 8E-10
a— Hexachlorocyclohexane 1E-09
B-— Hexachlorocyclohexane 3E-10
Heptachlor 8E-10
Heptachlor Epoxide — 2E-09
Aldrin —3E-09
Dieldrin 3E-10
DDT 6E-11
Chlordane (alpha, gamma) 2E-10
Toxaphene 2E-10
Hazard Ouotieat

Barium 3E-06
Chromium III SE-04
Chromium VI SE-04
Manganese 2E-05
Mercury 3E-05

Dose/Risk Estimates — VOCs

Variable Unit
Intake Rate m " 3/br
Intake Duration hr/day
Exposure Period Days
Fract. Leeward Wind Factor

Intake Concentration mg/m~3
Intake/Exposure Period mg
Carcinogen Dose Rate  mg/kg/day
Non—Carc. Dose Rate  mg/kg/day

EPA L.E.C.R.

Chloroform

Carbon Tetrachloride
Benzene

Dichloromethane

1,2- Dichlaroethane

1,1- Dichlaroethene

1,3—- Dichlaopropene
1,1,2- Trichloroethane
Bromoform
Tetrachloroethene

Styrene

Vinyl Chloride

1,2- Dichlaroethane

1,2—- Dichlawopropane
1,1,2,2- Tetrachloroethane
2-Chloroethyl Ether -
Hexachlorethane
Hexachlorobutadiene
2,4,6— Trichlorophenol
Hexachlorobenzene

Hazaxd Quotient

1,1,1-Trichloroethane
Toluene
Dichloromethane
Xylenes

MEK
Bromomethane
Carbon-Disulfide

1,1- Dichlaroethane
Vinyl Acetate

1,3~ Dichlaopropene -
Chlorobenzene ..

Ethylbenzene

1,4- Dichlarobenzene

1,2- Dichlarobenzene
Nitrobenzene

1,2,4— Trichlorobenzene
Hexachlorocyclopent adiene

Parameter

0.00E +00
0.00E + 00
0.00E +00
- 0.00E +00

0E+900
0E+00
0E +00
OE +00
0E +00
OE+00
0E +00
0E+00
OE +00
0E +00
0E+00
0E+00
0E +00
0E+00
OE+00
0E +00
OE +00
0E +00
0E+00
OE+00

0E+00
O0E+00
0E +00
0E+00
0E+00
OE+00
0E+00
OE +00
0E+00
0E+00
0E +00
0E+00
OE+00
OE +00
0E +00
0E+00
0E +00




Radionuclides
Uranium 233 & 234
Uranium 235

Uranium 238
Americium 241
Plutonium 239 & 240
Tritium (gas)**®
Strontium 89

Strontium 90

Cesium 137

Radium 226

Radium 228
Non—Radionuclides
Arsenic

Barium

Beryllium

Cadmium

Chromium 111
Chromium VI
Manganese

Mercury
Hexachlarocyclohexane (alpha)
Hexachlarocyclohexane (beta)
Heptachlor

Heptachlor Epaxide
Aldrin

Dieldrin

DDT

Chlordane (alpha, gamma)
Toxaphene

VOGCs & Semi—VOCs
Chloroform
1,1,1-Trichloroethane
Carbon Tetrachloride
Benzene

Toluene
Dichloromethane
Xyienes

MEK
1,2-Dichloroethane
Bromomethane

Carbon Disulfide
1,1-Dichloroethene
1,1-Dichloroethane
Vinyl Acetate
1,3—-Dichloropropene
1,1,2-Trichloroethane
Bromofarm
Tetrachloroethene
Chlorobenzene
Ethylbenzene

Styrene

Vinyl Chloride
12~Dichloroethane
1,2—Dichloropropane
1,1,2,2—Tetrachloroethane
2—Chloroethyl Ether
1,4-Dichlorobenzene
1,2-Dichlorobenzene
Nitrobenzene
Hexachlaroethane
1,2,4—Trichlorobenzene
Hexachlarobutadiene
Hexachlorocyclopentadiene
2,4,6—Trichlorophenol
Hexachlarobenzene

LEB.CR
Threshold Conc.

pCifg
1L.1I2E+02
121E+02
126E+02
7.57TE+01
71.38E+01
388E+07
1.04E+06
5.40E+04
6.18E+04
1.01E+03
4.66E+03

1.08E+02

U

6.44E+H02
8.87E+02

1.RE+03

8.59E+02
3.01E+03
120E+03
595E+02
3.18E+02
3.38E-+H03
1.59E+04
416E+03
492E+03

ug/g

NA

N/A

N/A

N/A

N/A

N/A

NA

N/A

N/A

N/A

N/A

N/A

N/A

N/A

N/A

N/A

N/A

N/A

N/A

N/A

N/A

N/A

N/A

N/A

NA

N/A

N/A

N/A

N/A

N/A

NA

N/A

N/A

N/A

N/A

HI
Threshold Conc.

387E+04

2.20E+02
220E+02
441E+03
3.2E+03

LT/ 4
NA
N/A
N/A
N/A
NA
N/A
NA
N/A
N/A
N/A
N/A
N/A
NA
N/A
N/A
N/A
N/A
N/A
NA
N/A
N/A
N/A
N/A
N/A
NA
N/A
N/A
N/A
N/A
N/A
NA
N/A
N/A
N/A
N/A




Far Respirable Fines < =15um, K = 0.48
EHE(kg/Mg) = K(0.0009)[(a/5)(U/2.2)(HN.5)JI(M/2) ~ 2(Y/4.6) " .33] (note 1)

The equation for batch drop operations predicts emision factors based on particle size,
silt content, windspeed, drop height, moiture content, and dumping device capacity.

variables requiring input

Variable Unit Parameter
smmc=semsco==oo==== =====

s, St Content %

U, Mean Wind Speed mA

H, Drop Height m

M, Moisture Content %

Y, Bucket Capacity m~3

T, Duration of Activity r

D, Deptb of Excavation m

V, Volume of Excavation m”™3

DT, Bulk Density of Soil Mg/m~3

MT, Total Mass of Soil/Pit Mg

VOC Total(note 2) g

Assuming one pit constructed per day for five

years gives a total number of pits equal to: 1825
Emissions at Source: (note 3)

Pu tculate Emissions from Source kg/Mg 6.44E-04
Non~Radionuclide (solids) Emission Rate s 1.06E-10
Radionuclide Embsion Rate (note 4) pCis 1.32E-05
VOCs Emision Rate gs 1.65E —04

[ Turness X/Q
Contaminant Dspers ion
Variable Unit Parameter Remark
Q1, Emésion Rate — Non—Radionuclide ghec. 1.06E~10 Receptar @
Q2, Emission Rate — Radionuclides pCisec. 1.32E-05 1.64 km
Q3, Emission Rate - VO gisec. 1.65E —04
Pi 314
Sigmay m lass D stability|
Sigmaz . m lass D stability
Wind speed mh ec 4.7
Contaminant Concentrations at Fenceline
Non—-Radionuclides mg/m ™3 1.52E-12
Radionuclides pCiim ~ 3 1.89E -10
VoG mg/m”~ 3 2.36E 06
Initial Concentrations of Contaminants in Soik at Source
Radionuclides (pCi/g) 1.00E +00
Non —Rad’ (ug/g cr ppm) 1.00E +00
VOCs (ug/g o« ppm) ¥ 1.00E +00

T
Note 1: Reference Memorandum from Tom Tistinic, Public Health Engineer, on Fugitive Particulate Emasions, July 2, ilx;et Thresbold Hazard Index
1984. Through Colorado Department of Health, Arr Pollution Control Division.

Note 2: V OCs are assumed to be completely volatilized and emitted from the soil during this activity.

Note 3: Contaminant emission rates are based on the

Note 4: Radi fides are

d initial

concentrations in the soil.
ed to be distributed only and homogeniowly in the top 6 inch layer of soil.

arget Threshold Risk

1.00E -06
0.1




BATCH DROP CALCULATION - TEST PITS — ZONE A

e L3

Dose/Risk Estimates — Radionuclides

Variable Unit

E R S 5 = 5 _—====
Intake Rate m ~ 3/br
Iatake Duration hr/day
Exposure Period Days

Fract. Leeward Wind Factor

Intake Concentration pCi/m~3
Intake/Exposure Period pCi

EPA L.EC.R.

Uranium 233 & 234
Uranium 235
Uranium 238
Americium 241
Plutoninm 239 & 240
Tritium (gas)**
Strontium 89
Stroatium 90
Cesium 137
Radium 226
Radium 228

Parameter

1.89E-10
1.66E-06

4E-14
4E-14
4E-14
TE-14
TE-14
1E-19
SE-18
9E-17
8E-17
SE-15
1E-15

Dose/Risk Estimates — Noa— Radionuclides

Variable Unit Parameter
Intake Rate m ~ 3/br

Intake Duration hr/day

Exposure Period Days

Fract. Leeward Wind Factor

Intake Concentration mg/m "3 1.52E-12
Intake/Exposure Period mg 1.33E-08
Carcinogen Dose Rate  mg/kg/day T44E-15
Non—Carc. Dose Rate  mg/kg/day 1.04E~-13
EPA LEC.R.

Arsenic 4E-13
Beryllium 6E~- 14
Cadmium SE-14
Chromium VI 3E-14
a— Hexachlorocyclohexane SE-14
B~ Hexachlorocyclohexane 1E-14
Heptachlor 3E-14
Hepachlor Epoxide TE-14
Aldrin ) 1E-~-13
Dieldrin 1E-14
bDDT 3E-15
Chlordane (alpha, gamma) 1E-14
Toxaphene 8E-15
Hazard Quotient

Barium 1E~10
Chromium III 2E-08
Chromium VI 2E-08
Manganese 9E-10
Mercury 1E-09

Dose/Risk Estimates ~ VOCs

Variable Unit

E -8 - & - = =====
Intake Rate m " 3/lr
Intake Duration hr/day
Exposure Period Days
Fract.-Leeward Wind Factor

Intake Concentration mg/m~3
Intake/Exposure Period mg
Carcinogen Dose Rate  mg/kg/day
Non-Carc. Dose Rste  mg/kg/day

EPA L.EEC.R.

Chioroform

Carbon Tetrachloride
Benzene
Dichloromethane

1,2- Dichlaroethane
1,1- Dichlaroethene
1,3~ Dichlaropropene
1,1,2— Trichloroethane
Bromoform
Tetrachloroethene
Styrene

Vinyl Chloride

1,2- Dichlaroethane
1,2—- Dichlaropropane
1,1,2,2— Tetrachloroethane
2-Chloroethyt Ether
Hexachlorethane
Hexachlorobutadiene
2,4,6- Trichlorophenol
Hexachlorobenzene

Hazard Ouoticat

1,1,1-Trichloroethane
Toluene
Dichloromethane
Xylenes

MEK

Bromomethane

Carbon Disulfide

1,1- Dichlaroethane
Vinyl Acetate

1,3- Dichlaropropene
Chlorobenzene
Ethylbenzene

1,4- Dichlarobenzene
1,2- Dichlarobenzene
Nitrobenzene

1,2,4- Trichlorobenzene
Hexachlorocyclopent adiene

2.36E-06
2.07E-02
1.1SE-08
1.62E-07

9E-10
2E-09
3E-10
2E-11
1E-09
1E—-08
2E-09
7TE-10
SE-11
2E-11
2E~11
3E-10
1E-09
2E-09
2E-09
1E-08
2E-10
9E-10
1E-10
2E-08

SE-08
3E-07
2E-07
2E-06
2E-07
8E-06
SE-0S
2E-07
3E-06
3E-05
3E-06
SE-07
8E-07
4E-07
3E-05
SE-06
8E-04




Hexachlarobenzene

'BATCH DROP CALCULATION — TEST PITS — ZONEA

EPA Threshold Levels L.E.CR

Threshold Cone.

Radionuclides pCifg
Uranium 233 & 234 223E+07
Uranium 235 241E+07
Uranium 238 251E+07
Americium 241 1.51E+07
Plutonium 239 & 240 147E+07
Tritium (gas)** 1.74E+12
Strontium 89 2.08E+11
Strontium 90 1.08E+10
Cesium 137 123E+10
Radium 226 201E+08
Radium 228 928E+08
Non—Radionuclides ugfe

Arsenic 2.69E+06
Barium

Beryllium 1.60E+07
Cadmium 220E+07
Chromium I11

Chromium VI 328E+07
Manganese

Mercury

Hexachlarocyclohexane (alpha) 2.13E+07
Hexachlarocyclohexane (beta) 147E+07
Heptachlor 2.9E+07
Heptachlor Epaxide 1.48E+07
Aldrin 7.91E+06
Dieldrin 8.40E+07
DDT 3.95E+08
Chlordane (alpha, gamma) 1.03E+08
Toxaphene 1.2E+08
VOCs & Semi—VOCs u

Chloroform 1.07E+03
1,1,1-Trichloroethane

Carbon Tetrachlaride 6.66E+02
Benzene 2.89E+03
Toluene

Dichloromethane 4.33E4+04
Xylenes

MEK

1,2-Dichloroethane 9.52E+02
Bromomethane

Carbon Disulfide

1,1-Dichloroethene T.2E+01
1,1-Dichloroethane

Vinyl Acetate

1,3—Dichloropropene 6.66E+02
1,1,2—-Trichloroethane 1.52E+03
Bromofarm 22E+04
Tetrachlaroethene 481E+04
Chlorobenzene

Ethylbenzene

Styrene 4.33E+04
Vinyl Chlaride 2.99E+03
1,2—Dichloroethane 9.52E+02
1,2—Dichloropropane 6.66E+02
1,1,2,2—Tetrachlorocthane 4.33E+02
2-Chloroethyl Ether 7.87E+01
1,4-Dichlorobenzene

1,2-Dichlorobenzene

Nitrobenzene

Hexachloroethane 6.19E+03
1,2,4—Trichlorobenzene

Hexachlarobutadiene 1.11E+03
Hexachlorocyclopentadiene

2,4,6—Trichlorophenadl 7.87E+03

541E+01

Hl
Threshold Conc.

9.60E+08

5.47TE+06
547E+06
1.09E+08
826E+07

1.86E+06

3. 71E+05
5.5TE+05
55TE+04
5.5TE+05

124E+04
1.86E+03

6.19E+05

371E+04
371E+03

3.09E+04
1.86E+05

1.24E+05
247E+05
3.71E+03
1.86E+04

1.24E+02




DESCRIPTION: Therelationship for predicting fugitive dust emissions during topsoil removal variables requiring input

byscraper is on a per mass unit basis of soil removed.

____ | Twners X/Q
Far Respirable Fines < =15um Contaminant Dipers ion
EHE(kg/Mg) = 0.019kg/Mg of Soil Removed (note 1) Variable Unit Parameter Remark
meszarsssessasnenw memae Emrumen smsessm=g
Variable Unit Parameter Q1, Emésion Rate — Non-Radionuclids ghec. 221E-07 Recepta @
so=scoms=ss==cszzad ===== Q2, Emission Rate — Radionuclides pCibec. 1.10E~-01 1.6 km N
A, Ares Subject 10 Topsoll Removal— m~2 Q3, Emission Rate - VOO ghsec. 1.16E ~02
D, Depth of Topoii Removal m Pi 3.4
DT, Bulk Density of Soil Mg/m ~ 3 Sigmay m lass D stability|
V, Volume of Topsoil to be Removed m~3 Sigmaz .} lass D stability|
T, Total Period of Removat br 7 Wind speed mhAec
- Contaminant Coocentrations  at Fenceline
Non—Radionuclides mg/m”™3 3.17E-09
. Radionuclides pCivm~3 1.58E -06
Voo mg/m~3 1.67E-04
MT, Total Mass of Topsoil Removed Mg 13293 Initial Concentrations of Contaminants in Soik at Source
VOC Total (note 2) 8 13293 -
Radionuclides (pCi/g) 1.00E +00
Non—-Rad’s (ug/g or ppm) . _ 1O00E+00
VOGs (ngfg o« ppm) 1.00E +00
Emissions at Source: (note 3)
Particulate Emissions from Sonrce kg/Mg 1.90E-02
Non-Radionuclide (solids) Emksion Rate gs 221E~07
Radionuclide Emasion Rate (note 4) pCid L10E-01
VOO Emssion Rate gh 1.16E-02 -
Target Threshold Risk 1.00E ~06
Note 1: Reference Memorandum from Tom Tistinic, Public Health Engineer, on Fugitive Particulate Emasions, July 2, Target Threshold Hazard Index 0.1

1984. Through Colorado Department of Health, Air Pollution Coatrot Division.
Note 2: V OCs are assumed to be completely volatilized and emitted from the soil during the removal activity.
Note 3: Contaminant emissionrates are based on the d initial i ions in thesoil.
Note 4: Radionucfides are assumed to be distributed only and homogeniously in the top 6 inch layer of soil.




Dose/Risk |

Fract. Leeward Wind Factor

Intake Concentration pCi/m ~
Intake/Exposure Period pCi

EPA L.EC.R.

Uranium 233 & 234
Uranium 235
Uranium 238
Americium 241
Plutonium 239 & 240
Tritium (gas)**
Strontium 89
Strontium 90
Cesium 137
Radium 226
Radium 228

Variable Unit
Intake Rate m ™ 3/ir
Intake Duration hr/day
Exposure Period Days

3 1.58E-06

4E-10
3E-10
3E-10
6E-10
6E-10
1E-15
4E-14
8E-13
7TE~-13
4E-11
9E-12

Dose/Risk Fstimates — Noa— Radionuclides

Variable Unit
Intake Rate m ~ 3/hr
Intake Duration hr/day
Exposure Period Days
Fract. Leeward Wind Factor

Intake Concentration mg/m ~3
Intake/Exposure Period mg
Carcinogen Dose Rate  mg/kg/day
Non—Carc. Dose Rate  mg/kg/day
EPA L.E.C.R.

Arsenic

Beryllium

Cadmium

Chromium VI

 a— Hexachlorocyclohexane

B- Hexachlorocyclohexane
Heptachlor

Heptachlor Epoxide
Aldrin

Dieldrin

DDT

Chlordane (alpha, gamma)
Toxaphene

Hazard Ouoticat
Barium

Chromium III
Chromium VI

Manganese
Mercury

Parameter

3.17E-09
2.77E-05
1.55E-11
2.17E-10

8E-10
1E-10
9E-11
6E-11
1E-10
3E-11
7E-11
1E-10
3E-10
2E-11
SE-12
2E-11
2E-11

2E-07
4E-05
4E-05
2E-06
3E-06

Dosc/Risk Estimates — VOCs

Variable Unit
Intake Rate m ™ 3/br
Intake Duration hr/day
Exposure Period Days
Fract. Leeward Wind Factor

Intake Concentration mg/m ™3
Intake/Exposure Period mg
Carcinogen Dose Rate  mg/kg/day
Non-Carc. Dose Rate  mg/kg/day

EPA L.E.C.R.

Chloroform

Carbon Tetrachloride
Benzene
Dichloromethane

1,2- Dichloroethane
1,1- Dichloroethene
1,3- Dichlaropropene
1,1,2— Trichloroethane
Bromoform
Tetrachloroethene
Styrene

Vinyl Chloride

1,2— Dichlaroethane
1,2- Dichlaropropane
1,1,2,2- Tetrachloroethane
2—-Chloroethyl Ether
Hexachlorethane
Hexachlorobutadiene
2,4,6- Trichlorophenol
Hexachlorobenzene

Hazard Ouotient

1,1,1- Trichloroethane
Toluene
Dichloromethane
Xylenes

MEK

Bromomethane

Carbon Disulfide

1,1- Dichloroethane
Vinyl Acetate

1,3- Dichlaropropene
Chlorobenzene
Ethylbenzene

1,4— Dichlarobenzene
1,2- Dichlarobenzene
Nitrobenzene

1,2,4- Trichlorobenzene
Hexachlorocyclopent adiene

Parameter

1.67E-04
146E+00

4E-06
2E-05
1E-05
1E-04
1E-05
6E-04
4E-03
1E-05
2E-04
2E-03
2E-04
4E-05
6E-05
3E-05
2E-03
4E-04
6E-02
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"TOPSOIL REMOVED BY SCRAPER — ZONE A
EPXThresbold Lewele

Radionuclides
Uranium 233 & 234
Uranium 235

Uranium 238

Americium 241

Plutonium 239 & 240
Tritium (gas)**

Strontium 89

Strontium 90

Cesium 137

Radium 226

Radium 228
Non—Radionuclides
Arsenic

Barium

Beryllium

Cadmium

Chromium II

Chromium VI |
Manganese i
Mercury \
Hexachlarocyclohexane (alpha)
Hexachlarocyclohexane (beta)
Heptachlor

Heptachlor Epaxide
Aldrin l
Dieldrin

DDT

Chlordane (alpha, gamma)
Toxaphene

VOCs & Semi—VOCs
Chloroform
1,1,1-Trichloroethane
Carbon Tetrachloride
Benzene

Toluene

Dichloromethane

Xylenes

MEK
1,2-Dichloroethane
Bromomethane

Carbon Disulfide
1,1-Dichloroethene
1,1-Dichloroethane

Vinyl Acetate
1,3—Dichloropropene
1,1,2~Trichloroethane
Bromofarm
Tetrachlaroethene
Chlorobenzene
Ethylbenzene

Styrene

Vinyl Chlaride
1,2—-Dichloroethane
1,2—-Dichloropropane
1,1,2,2-Tetrachloroethane
2-Chloroethyt Ether
1,4-Dichlorobenzene
1,2-Dichlorobenzene
Nitrobenzene
Hexachloroethane
1,2,4-Trichlorobenzene
Hexachlarobutadiene
Hexachlorocyclopentadiene
2,4,6-Trichiorophend

Hexachlorobenzene

LE.CR
Threshokd Cone.

u

2.67E+03
2.88E+03
3.01E+03
1.80E+03
1.76E+03
9.25E+08
2.49E+07
129E+06
147E+06
2.40E+04
111E+05

129E+03

7.68E+03
1.06E+04

1.57E+04

1.02E+04

HI
Threshold Conc.

4.61E+05

2.63E+03
2.63E+03
525E+04
3.96E+04

3.58E+04 .

143E+04
7.09E+03
3.79E+03
4.03E+04
1.90E+05
4.96E+04
5.86E+04

1.51E+01

9.43E+00
4.08E+01

6.13E+02

1.35E+01

1.02E+00

9.43E+00
2.15E+01
3.14E+02
681E+02

6.13E+02
423E+01
1.35E+01
9.43E+00
6.13E+00
1L11E+00

8.75E+01
1L57E+01

111E+H2
7.66E—01

2.63E+04

525E+03
7.88E+03
7.88E+02
7.88E+03

1.75E+02
2.63E+01

8.75E+03

S525E+02
525E+01

4.38E+02
2.63E+03

1.75E+03
3.50E+03
525E+01
2.63E+02

175E+00

!
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DESCRI[PTION:

The equation for batch drop operations predicts emission factors based on particle size,
silt content, windspeed, drop height, mosture content, and dumping device capacity.

= variables requiring input

1984. Through Colorado Department of Health, Air Pollution Control Division.
Note 2: V OCs are assumed to be completely volatilized and emitted from the soil during the removal byscraper activity.
Note 3: Contaminant emissionrates are based on the d initial concentrations in the soil.
Note 4: Radi ides are d to be distributed only and bomogeniouwsly in the top 6 inch layer of soil.

Turners X/Q
. Fa Respirable Fines < =15um, K = 0.48 Contaminant Dspersion
EHE(kg/Mg) = K(0.0009){(s/SXU/2.2)(H/L.S)M(M/2) ~ 2 Y/4.6) ~.33] (note 1) Variable Unit Parameter Remak
LR B 0 L0 0 EE R ¥ J L 2 ] L L LR 3 ] L L LR E X X 3
Variable Uait Parameter Q1, Emission Rate — Non—Radionuclides ghec. 217E~09 Receptar @
mosssss-oszsssssose ===== Q2, Emission Rate — Radiomuclides pCisec. 1.09E -03 1.64 km
s, Silt Content % Q3, Emission Rate - VOO gleec. 0.00E 400
U, Mean Wind Speed mA Pi 3.14
H, Drop Height m Sigmay m Class D stability
M, Moisture Content % Sigmaz o Class D stability
Y, Bucket Capacity m~3 Wind speed mhec 4.7
T, Total Period of Unloading br Contaminant Concecatrations at Fenceline
D, Depth of Excavation m Non-Radionuclides mg/m "3 J1E-11
A, Area of Topsoil Removed m”~2 Radionuclides pCifm "~ 3 1.5SE-08
DT, Bulk Density of Soil Mg/m~ 3 Voo mg/m~3 0.00E +00
MT, Total Mass of Topsoil Mg Initial Concentrations of Contaminants in Soil at Source
VOC Total(note 2) g
Radionuclides (pCi/g) 1.00E +00
Non-Rad% (ug/g or ppm) 1.00E +00
VOOGs (ng/g <« ppm) 0.00E +00
Emissions at Source: (oote 3)
Particulate Emissions from Sonrce kg/Mg 1.87E-04
Non —Radionuclide (solids) Emission Rate 1] 2.17E-09
Radionuclide Emésion Rate (note 4) pCih 1.09E-03
VOGs Embsion Rate gh 0.00E +00
Target Threshold Risk 1.00E -06
Note 1: Refarence Memorandum from Tom Tistinic, Public Health Engineer, on Fugitive Particulate Emasions, July 2, Target Threshold Hazard Index 0.1




TOPSOIL UNLOADING BY SCRAPER (BATCH DROP) — ZONE A

Dose/Risk Estimates — Radioauclides

Variable

Unit
Intake Rate m "3/l
Intake Duration hr/day
Exposure Period Days

- Fract. Leeward Wind Factor

Intake Concentration pCiim~3 _
Intake/Exposure Period pCi
EFPA LE.C.R.
Uranium 233 & 234
Uranium 235
Uranium 238

Americium 241
Plutonium 239 & 240
Tritium (gas)**
Strontium 89
Strontium 90
Cesium 137

Radium 226

Radium 228

Parameter

1.55E-08
1.36E-04

4E-12
3E-12
3E-12
‘SE-12
6E-12
1E-17
4E-16
8E-15
TE-15
4E-13
9E-14

Dose/Risk Estimates — Noa— Radionuclides
Variable - Unit Parameter
Intake Rate m ~ 3/br

Iatake Duration hr/day

Exposure Period Days

Fract. Leeward Wind Factor

Intake Concentration mg/m~ 3 3.11E-11
Intake/Exposure Period mg 272E-07)
Carcinogen Dose Rate  mg/kg/day 1.52E-13
Non-Carc. Dose Rate  mg/kg/day 2.13E-12
EFPA LE.CR.

Arsenic 8E-12
Beryllium 1E-12
Cadmium 9E-13
Chromium VI 6E-13
a— Hexachlorocyclohexane 1E-12
B- Hexachlorocyclohexane 3E-13
Heptachlor 7TE-13
Heptachlor Epoxide 1E-12
Aldrin 3E-12
Dieldrin 2E-13
DDT SE-14
Chlordane (alpha, gamma) 2E-13
Toxaphene 2E-13
Hazard Ouotieat

Barium 2E-09
Chromium III 4E-07
Chromium VI — 4E-07
Manganese 2E-~08
Mercury 2E-08

Dose/Risk Estimates — VOCs

Variable Unit
Intake Rate m ~ 3/br
Intake Duration hr/day
Exposure Period Days
Fract. Leeward Wind Factor

Intake Concentration mg/m ~3
Intake/Exposure Period — mg
Carcinogen Dose Rate  mg/kg/day
Non-Carc. Dose Rate  mg/kg/day

EFA L.E.C.R.

Chloroform

Carbon Tetrachloride
Benzene
Dichloromethane
1,2- Dichlaroethane

_1,1- Dichlaroethene

1,3— Dichlaropropene
1,1,2- Trichloroethane
Bromoform
Tetrachlaroethene -
Styrene

Vinyl Chloride

1,2~ Dichlaroethane

1,2~ Dichlaropropane
1,1,2,2— Tetrachloroethane
2-Chloroethyl Ether
Hexachlorethane
Hexachlorobutadiene
2,4,6- Trichlorophenol
Hexachlorobenzene

Hazard Osoticat

1,1,1-Trichloroethane
Toluene
Dichloromethane
Xylenes

MEK

Bromomethane
Carbon Disulfide

1,1- Dichlaroethane
Vinyl Acetate

1,3- Dichlaropropene
Chlorobenzene
Ethylbenzene
1,4- Dichlarobenzene

1,2- Dichlorobenzene
Nitrobenzene

1,2,4— Trichlorobenzene
Hexachlorocyclopent adiene

Parameter

0.00E+00

" 0.00E +00

0.00E +00
0.00E+00

0E+00
0E+00
0E+00
0E+00
0E+00
0E +00
OE +00
0E+00
0E+00
OE +00
0E +00
0E+00
0E+00
0E +00
0E+00
0E+00
0E+00
OE +00
0E+00
0E+00

0E+00
0E +00
0E+00
0E+00
0E+00
0E +00
OE+00
0E+00
OE+00
0E+00
OE +00
0E+00
OE+00
0E+00
0E+00
0E+00
OE +00
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- HI
Threshold Conc. Threshold Conc.

Radionuclides pCifg
Uranium 233 & 234 2. 2E+05
Uranium 235 2.94E+05
Uranium 238 3.06E+05
Americium 241 1.84E+05
Plutonium 239 & 240 1.79E+05
Tritium (gas)** 9.41E+10
Strontium 89 2.53E+09
Strontium 90 131E+08
Cesium 137 1.50E+08
Radium 226 2.45E+06
Radium 228 1L13E+07
Non—Radionuclides uglp ugle
Argenic 1.31E+05
Barium . 4.69E+07
Beryllium 1.8E+05
Cadmium 1.08E+06
Chromium I11 . 2.67E+05
Chromium V1 _ 1.60E+06 2.67TE+05
Manganese 535E+06
Mercury 4.03E+06
Hexachlorocyclohexane (alpha) 1.04E+06
Hexachlarocyclohexane (beta) 3.65E+06
Heptachior 1.46E+06
Heptachior Epaxide 721E+05
Aldrin 3.86E+05
Dieldrin 4.10E+06

-|DDT 1.93E+07
Chlordane (alpha, gamma) - 5.05E+06
Toxaphene 5.97E+06
VOCs & Semi—VOCs ug/g ug/g
Chloroform NA N/A
1,1,1-Trichloroethane N/A N/A
Carbon Tetrachloride N/A N/A
Benzene N/A N/A
Toluene N/A N/A
Dichloromethane N/A N/A
Xylenes NA NA
MEK N/A N/A
1,2-Dichloroethane N/A N/A
Bromomethane ' N/A N/A
Carbon Disulfide N/A N/A
1,1-Dichloroethene N/A N/A
1,1-Dichloroethane NA NA
Vinyl Acetate , N/A N/A
1,3-Dichloropropene N/A N/A
1,1,2—-Trichloroethane N/A N/A
Bromofam N/A N/A
Tetrachloroethene N/A N/A
Chlorobenzene N/A NA
Ethylbenzene - N/A N/A
Styrene N/A N/A
Vinyl Chlaride N/A N/A
1,2-Dichloroethane N/A N/A
1,2-Dichloropropane N/A N/A
1,1,2,2—~Tetrachloroethane NA NA
2—Chloroethyl Ether N/A N/A
1,4-Dichlorobenzene N/A N/A
1,2-Dichlorobenzene N/A N/A
Nitrobenzene N/A N/A
Hexachloroethane N/A N/A
1,2,4-Trichlorobenzene NA NA
Hexachlorobutadiene N/A N/A
Hexachlorocyclopentadiene N/A N/A
2,4,6—-Trichlorophenol N/A N/A
Hexachlorobenzene N/A N/A
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DESCRIPTION:

Far Respirable Fines < =15um

EHE(kg/V KT)=2.2E -6*(s) ~ 1.4*(W) "~ 2.5 (note 1)

Variable Unit

A, Area Subject 1o Topsol Removal m~2

D, Depth of Topoil Removal m

DT, Bulk Demsity of Soil  ~ Mg/m~3

V, Volume of Topsoi! to be R emoved (Tt arsported) m~3

T, Total Period of Transporting be

Total Number of Round Trips (Assumes Scraper Cap.=10.7m ~ 3)

s, Silt Content

W, Mean Saraper Weight Mg

-1 RT, Round Trip Distance km

MT, Total Mass of Topsoil Transparted Mg

VOC Tota! 8

"Emissions at Source: (note 3) —
Partculate Emissions from Source kg/VKT 8.73E +00
Non~Radionuclide (solids) Emision Rate 1.16E-05
Radionuclide Emasion Rate (note 4) pCis 2.34E +01
VOG Emssion Rate 0.00E +00

Note 1: Reference Memorandum from Tom Tistinic, Public Health Engineer, on Fugitive Particulate Emasions, July 2,
1984. Through Colorado Department of Health, Air Poltution Control Division.

Note 2: V OCs emiss ions are sssumed to be negligable for this activity.

Note 3: Contaminant emissionrates are based on the d initial ations in the soil.

Note 4: Radk fides are ed to be distributed only and homogeniowsly in the top 6 inch layer of soil.

Therelationship (or predicting fugitive dust emissions during topsoil transportation
byscraper is based on the silt content of the soil and the mean scrapa wight

= variables requiring input

Turners X/Q

Contaminant Dipersion

Variable J— Unit Parameter Remark
sesamsssessssenzse= ammma camsaen smssmsmee
Q1, Emission Rate — Non~Radionuclides ghec. 1.16E-05 Receptar @
Q2, Emission Rate — Radi lid pCisec. 2.34E+01 1.64 km
Q3, Emission Rate - VOCs pfsec. 0.00E +00

Pi 3.14

Sigmay —m Class D stability,
Sigmaz T om Class D stability
Wind speed—— mAec

Coataminant Concentrations at Fenceline .

Non -Radionuclides — mg/m”™3 1.67E 07

Radiomclide pCim "~ 3 3.35E-04

VOO mg/m”3 0.00E +00

Initial Concentrations of Contaminants in Soib at Source

Radionuclides (pCi/g) R 1.00E +00

Non—-Rad' (ug/g or ppm) 1.00E +00

VOO (ug/g o ppm) 0.00E +00

Target Threshold Risk
Target Threshold Hazard Index

1.00E -06
0.1




Variable

Iatake Rate
Intake Duration
Exposure Period

Intake Concentration
Intake/Exposure Period -

- EPA L.E.C.R.

Uranium 233 & 234
Uranium 235
Uranium 238
Americium 241
Plutonium 239 & 240
Tritium (g=s)**
Strontium 89
Strontium 90
Cesium 137

— Radium 226
. Radium 228

RESQIL. NSPORTA]
Dose/Risk Estimates — R

Fract. Leeward Wind Factor

pCi/m ~ 3 3.35E-04
PCi 2.94E+00

Dose/Risk Estimates — Noa— Radioauclides
Variable Unit Parameter
Intake Rate m " 3/hr

Intake Duration hr/day

Exposure Period Days

Fract. Leeward Wind Factor

Intake Concentration mg/m ~ 3 1.67E-07
Intake/Exposure Period mg 1.46E-03
Carcinogen Dose Rate  mg/kg/day 8.17E-10
Non-Carc. Dose Rate  mg/kg/day 1.14E-08
EPA LE.CR.

Arsenic 4E-08
Beryllium 7TE-09
Cadmium SE-09
Chromium VI 3E-09
a— Hexachlorocyclohexane SE-09
B- Hexachlorocyclohexane 1E-09
Heptachlor 4E-09
Heptachlor Epoxide TE-09
Aldrin 1E-08
Dieldrin 1E-09
DDT 3E-10
Chlordane (alpha, gamma) 1E-09
Toxaphene 9E-10
Hazard Ouotjent

Barium 1E-05
Chromium III 2E-03
Chromiuom V1 2E-03
Manganese 1E-04
Mercury 1E-04

Dose/Risk Estimates — VOCs

Variable Unit
Intake Rate m "3/
Intake Duration hr/day
Exposure Period Days
Fract. Leeward Wind Factor

Intake Concentration mg/m ~ 3
Intake/Exposure Period mg

Carcinogen Dose Rate  mg/kg/day
Non-Carc. Dose Rate  mg/kg/day

EPA L.E.C.R.

Chloroform

Carbon Tetrachloride
Benzene
Dichloromethane

1,2- Dichlaroethane
1,1- Dichlaroethene
1,3—- Dichlaropropene
1,1,2~ Trichloroethane
Bromoform
Tetrachlaroethene
Styrene

Vinyl Chloride

1,2- Dichlaroethane
1,2- Dichlaropropane
1,1,2,2- Tetrachloroet hane
2-Chloroethyl Ether
Hexachlorethane
Hexachlorobutadiene
2,4,6~ Trichlorophenol
Hexachlorobenzene

Hazard Quotient

1,1,1-Trichloroethane
Toluene
Dichloromethane
Xylenes

MEK

Bromomethane

Carbon Disulfide

1,1- Dichlaroethane
Vinyl Acetate

1,3- Dichlaropropene
Chlorobenzene
Ethylbenzene

1,4- Dichlarobenzene
1,2- Dichlarobenzene
Nitrobenzene

1,2,4- Trichlorobenzene
Hexachlorocyclopent adiene

Parameter

0.00E +00
0.00E +00
0.00E +00
0.00E +00

0E +00
0E+00
0E+00
OE + 00
0E+00
0E +00
0E+00
0E+00
0E+00
OE +00
O0E +00
O0E +00
0E+00
OE+00
0E+00
0E+00
0E+00
0E+00
0E+00
0E+00

0E+00
0E+00
0E+00
0E +00
0E+00
0E+00
OE + 00
0E+00
0E+00
OE +00
0E+00
OE +00
O0E +00
0E +00
OE+00
0E+00
0E +00
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"TOPSOIL TRANSPORTATION BY SCRAPER — ZONE A
BPA Threshold Levwels LE.CR HI
Threghold Conc. Threshold Conc.
Radionuclides pCifg
Uranium 233 & 234 1.26E+01
Uranium 235 : 1.36E+01
Uranium 238 1.42E+01
Americium 241 8.51E+00
Plutonium 239 & 240 8.31E+00
Tritium (gas)** 4.37E+06
Strontium 89 _ L17E+05
Strontium 90 6.08E+03
Cesium 137 6.95E+03
Radium 226 1.14E+02
Radijum 228 524E+02
Non —Radionuclides u ugfy
Arsenic 245E+01
Barium 8.74E403
Beryllium ! 1.46E+02
Cadmium 2.01E+02
Chromium 111 498E+01
Chromium V1 , 2.99E+02 498E+01
Manganese i \ 9.97E+02
Mercury 7.52E+02
Hexachlorocyclohexane (alpha) L94E+02
Hexachlorocyclohexane (beta) 6.80E+02
Heptachlor ! 2.E+02
Heptachlor Epaxide 134E+02
Aldrin 7.20E+01
Dieldrin ‘ 7.65E+02
DDT 3.60E+03
Chiordane (alpha, gamma) | 941E+02
Toxaphene ' 1.11E+03
VOGCs & Semi—VOCs ug/g ug/g
Chloroform . NA NA
1,1,1-Trichloroethane N/A N/A
Carbon Tetrachloride NA NA
Benzene N/A N/A!
Toluene N/A NA
Dichloromethane i N/A. N/A
Xylencs N/A NA
MEK N/A N/A ]
1,2-Dichloroethane N/A N/A
Bromomethane N/A N/A
Carbon Disulfide N/A N/A
1,1-Dichloroethene N/A N/A
1,1-Dichloroethane N/A NA
Vinyl Acetate N/A N/A
1,3-Dichloropropene N/A NA
1,1,2—Trichloroethane N/A N/A
Bromofarm N/A NA
Tetrachloroethene N/A N/A
. | Chlorobenzene NA NA
Ethylbenzene N/A N/A
Styrene N/A N/A
-1 Vinyl Chiaride N/A N/A
1,2-Dichloroethane N/A N/A
1,2—Dichloropropane " N/A N/A
1,1,2,2-Tetrachloroethane N/A NA
2—Chloroethyl Ether N/A N/A
1,4-Dichlorobenzene N/A N/A
1,2-Dichlorobenzene N/A. N/A
Nitrobenzene N/A N/A
Hexachloroethane N/A N/A
1,2,4—Trichlorobenzene NA NA
Hexachlarobutadiene N/A * NA
Hexachloarocyclopentadiene N/A N/A
2,4,6—Trichlorophenol N/A N/A
Hexachlarobenzene N/A N/A
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MAJOR EXCAVATION BY FRONT SCHOVEL EXCAVATOR (BATCH DROP) - ZONE A

I G R D AN N I e

Dose/Risk Estimates — Radioauclides

Variable Unit Parameter

Intake Rate m "~ 3/lr

Intake Duration hr/day

Exposure Period Days

Fract. Leeward Wind Factor

Intake Concentration pCiim~3 0.00E +00

Intake/Exposure Period pCi 0.00E + 00

EPA L.LEC.R.

Uranium 233 & 234 0E+00

Uranium 235 0E+00

Uranium 238 0E+00

Americium 241 OE+00

Plutonium 239 & 240 0E+00

Tritium (gas)** O0E +00

Strontium 89 O0E +00

Strontium 90 OE +00

Cesium 137 0E+00

Radium 226 0E+00

Radium 228 0E+00
<

Dose/Risk Estimates ~ Noa— Radioauclides

Variable Unit Parameter
Intake Rate m " 3/

Intake Duration hr/day

Exposure Period Days

Fract. Leeward Wind Factor

Intake Concentration mg/m ™3 4.17E-10
Intake/Exposure Period mg 3.65E—-06
Carcinogen Dose Rate  mg/kg/day 2.04E-12
Non~Carc. Dose Rate  mg/kg/day 2.86E-11
EFPA L.E.C.R.

Arseric 1E-10
Beryllium 2E-11
Cadmium 1E-11
Chromium VI 8E-12
a— Hexachlorocyclohexane 1E-11
B~ Hexachlorocyclohexane 4E-12
Heptachlor - 9E-12
Heptachlor Epoxide T2E-11
Aldrin 3E-11
Dieldrin 3E-12
DDT 7E-13
Chlordane (alpha, gamma) 3E-12
Toxaphene 2E-12
Hazard Ouotieat

Barium 3E-08
Chromium HI SE-06
Chromium VI SE-06
Manganese 3E-07
Mercury 3E-07

Dose/Risk Estimates — VOCs

Variable Unit
Intake Rate m "~ 3/br
Intake Duration hr/day
Exposure Period Days
Fract. Leeward Wind Factor

Intake Concentration’ mg/m~3
Intake/Exposure Period mg
Carcinogen Dose Rate  mg/kg/day
Non--Carc. Dose Rste  mg/kg/day

EPA L.E.C.R.

Chloroform

Carbon Tetrachloride
Benzene

Dichloromethane

1,2- Dichlaroethane

1,1- Dichloroethene

1,3~ Dichlaropropene
1,1,2- Trichloroethane
Bromoform
Tetrachloroethene

Styrene

Vinyl Chloride

1,2~ Dichlcroethane

1,2- Dichlaropropane
1,1,2,2- Tetrachloroethane
2—-Chloroethyl Ether
Hexachlorethape
Hexachlorobutadiene
2,4,6— Trichlorophenol
Hexachlorobenzene

Hazard Onoticnt

1,1,1~ Trichloroethane
Toluene .
Dichloromethane -———
Xylenes

MEK —_—
Bromomethane

Carbon Disulfide

1,1- Dichlaroethane

Vinyl Acetate

1,3- Dichlaropropene
Chlorobenzene
Ethylbenzene

1,4- Dichlarobenzene

1,2- Dichlarobenzene
Nitrobenzene

1,2,4- Trichlorobenzene
Hexachlorocyclopent adiene

Parameter

7.12E-04
6.76E +00
3.78E-06
5.29E-05

3E-07
SE-07
1E-07
8E-09
3E-07
SE-06
SE-07
2E-07
1E-08
7TE-09
8E-09
1E-07
3E-07
SE-07
8E-07
4E-06
SE-08
3E-07
4E-08
6E-06

2E-05
9E-05
6E-05
6E-04
6E-05
3E-03
2E-02
SE-05
9E- 04
9E-03
1E-03
2E-04
3E-04
1E-04
9E-03
2E-03
3E-01
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Radionuclides
Uranium 233 & 234
Uranium 235

Uranium 238
Americium 241
Plutonium 239 & 240
Tritium (gas)**
Strontium 89

Strontium 90

Cesium 137

Radium 226

Radium 228
Non—Radionuclides
Argenic

Barium

Beryllium

Cadmium

Chromium 111
Chromium V1
Manganese

Mercury
Hexachlarocyclohexane (alpha)
Hexachlorocyclohexane (beta)
Heptachlor

Heptachlor Epaxide
Aldrin

Dieldrin

DDT

Chlardane (alpha, gamma)
Toxaphene

VOQCs & Semi—VOCs
Chloroform
1,1,1-Trichloroethane
Carbon Tetrachloride
Benzene

Toluene
Dichloromethane
Xylenes

MEK
1,2-Dichloroethane
Bromomethane

Carbon Disulfide
1,1-Dichloroethene
1,1-Dichloroethane
Vinyl Acetate
1,3—Dichloropropene
1,1,2—-Trichloroethane
Bromofam
Tetrachloroethene
Chlorobenzene
Ethylbenzene

Styrene

Vinyl Chloride
1,2-Dichloroethane
1,2-Dichloropropane
1,1,2,2-Tetrachloroethane
2—Chloroethyl Ether
1,4—-Dichlorobenzene
1,2—-Dichlorobenzene
Nitrobenzene
Hexachloroethane
1,2,4~Trichlorobenzene
Hexachlorobutadiene
Hexachlarocyclopentadiene
2,4,6—Trichiorophenol
Hexachlorobenzene

7.78E+04
2.2E+05
1.09E+05
5.38E+04
2.88E+04
3.06E+05
1.44E+06
3.77E+05
4.45E+05

327E+00

2.03E+00
8.RE+00

1.R2E+H2
291E+00
2.20E-01

2.03E+00
4.64E+00
6.78E+01
147E+02

1.RE+02
9.12E+00
2.91E+00
2.03E+00
L3R2E+00
2.40E-01

1.89E+01
3.39E+00

2.40E+01
1.65E-01

3.50E+06

1.9E+04
1.9E+04
3.99E+05
3.01E+05

uglg
5.67E+03

1.13E+03
1.70E+03
1.70E+02
1.70E+03

3.78E+01
5.67E+00

1.89E+03

L13E+02
1.13E+01

9.45E+01
5.67TE+02

3.78E+02
7.56E+02
L13E+01
5.67E+01

3.78E—01




ATTACHMENT A.3.4
ZONE B CALCULATIONS
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DESCRIPTION: The equation for hole drilling predicts emissions on a per hole basis. variables requiring input
Turoers X/Q
Foar Respirable Fines < =15um . Contaminant Dspersion
EHE(kg/ole) = 0.25 (note 1) Variable Unit Paameter Remark
LA L EE LR L 0L KLY N ] L X 2 ] EEEEESs SToSEESSEDe
Variable Unit Parameter Ql, Emision Rate — Non—Radionuclide ghec. 6.94E-09 Receptar @
EEamsosSsSsSsSssssSSSos ===a= Q2, Emision Rate — Radionuclides pCikec. 6.94E-03 2.9km
D, Depth of Hale m Q3, Emission Rate - VOCs gfsec. 1.18E-05
DI, Diameter of Hole m Pi .
DT, Bulk Density of Soit Mg/m ~3 Sigmay m lass D stability|
T, Total P eriod of Hole Drilling br Sigmaz m tass D stability|
Windspeed mhec
Cootsminant Concentrations  at Fenceline
- Non -Radionuclides mg/m~ 3 4.08E-11
MT, Total Mass of Soil Removed N Mg 0.42 Radionuclides pCiim "3 4.08E-08
VOC Total(note 2) 8 0.42 VOGs mg/m”~3 6.93E -08
Initial Concentrations of Coantaminants in Soik at Source
Radionuclides (pCi/g) 1.00E +00
Non-Rad% (ug/g or ppm) 1.00E +00
VOGCs (ugkg or ppm) 1.00E +00
Emissions at Source: (note 3)
Particulate Emissions from Source kg/hole 2.50E -01
Non —~Radionuclide (solids) Emission Rate gh 6.94E -09
- Radiomuclide Emision Rate (note 4) pCis 6.94E~03
VOO Emision Rate gh . 1.18E-05
. Target Threshold Risk 1.00E -06 |
Note 1: Reference Memorandum from Tom Tistinic, Public Health Engineer, on Fugitive Particulate Emésions, July 2, Target Tireshold Hazard Index 0.1

1984. Through Colorado Department of Health, Air Pollution Control Division.
Note 2: V OCs are assumed to be completely volatilized and emitted diring this activity.
Note 3: Contaminant emission rates are based on the d initial i ations in the soil.
Note 4: Radi fides are d to be distributed only and homogeniowsly in the top 6 inch layer of soil.
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HOLE DRILLING — ZONE B

Dose/Risk Estimates — Radionuclides

Variable Unit
Intake Rate m~3/kr
Intake Duration hr/day
Exposure Period Days
Fract. Leeward Wind Factor

Intake Concentration pCi/m~ 3
Intake/Exposure Period pCi
EFPA L.E.C.R.

Uranium 233 & 234
Uranium 235
Uranium 238
Americium 241
Plutonium 239 & 240
Tritium (gas)**
Strontium 89
Strontium 90
Cesium 137
Radium 226
Radium 228

Parameter

4.08E-08
3.58E-04

1E-11
9E-12
9E-12
1E-11
1E-11
3E-17
1E-15
2E-14
2E-14
1E-12
2E-13

Dosc/Risk Estimates — Noa— Radioauclides

Variable Unit Parameter
Intake Rate m "~ 3/

Intake Duration hr/day

Exposure Period Days

Fract. Leeward Wind Factor

Intake Concentration mg/m ~ 3 4.08E-11
Intake/Exposure Period mg 3.58E-07
Carcinogen Dose Rate  mg/kg/day 2.00E-13
Non—-Carc. Dose Rate  mg/kg/day 2.80E-12
EFPA LE.C.R.

Arsenic 1E-11
Beryllium 2E-12
Cadmium 1E-12
Chromium VI 8E-13
a— Hexachlorocyclohexane 1E-12
B~ Hexachlorocyclohexane 4E-13
Heptachlor 9E-13
Heptachlor Epoxide 2E-12
Aldrin 3E-12
Dieldrin 3E-13
DDT TE-14
Chlordane (alpha, gamma) 3E-13
Toxaphene 2E-13
Hazard Onoticat

Barium 3E-09
Chromium III SE-07
Chromium VI SE-07
Manganese 2E-08
Mercury 3E-08

Dose/Risk Estimates — VOCs

Variable Unit
Intake Rate m "~ 3/hr
Intake Duration hr/day
Exposure Period Days
Fract. Leeward Wind Factor

Intake Concentration mg/m ~3
Intake/Exposure Period mg
Carcinogen Dose Rate  mg/kg/day
Non~Carc. Dose Rate  mg/kg/day

EPA L.E.C.R.

Chloroform

Carbon Tetrachloride
Benzene
Dichloromethane

1,2- Dichlaroethane
1,1- Dichlaroethene
1,3-Dichlaropropene
1,1,2- Trichloroethane
Bromoform
Tetrachloroethene
Styrene

Vinyl Chloride

1,2- Dichlaroethane
1,2- Dichlaropropane
1,1,2,2- Tetrachloroet hane
2-Chloroethyl Ether
Hexachlorethane
Hexachlorobutadiene
2,4,6— Trichlorophenol
Hexachlorobenzene

Hazard Ouoticat

1,1,1-Trichloroethane
Toluene
Dichloromethane
Xylenes

MEK

Bromomethane

Carbon Disulfide

1,1~ Dichlaroethane
Vinyl Acetate

1,3— Dichlaropropene
Chlorobenzene
Ethylbenzene

1,4- Dichlarobenzene
1,2— Dichlarobenzene
Nitrobenzene
1,2,4—Trichlorobenzene
Hexachlorocyclopent adiene

Parameter

6.93E-08
6.07E—~04
339E-10
4.75E-09

3E-11
4E~-11
1E-11
7E-13
3E-11
4E-10
4E-11
2E-11
1E-12
6E-13
7E-13
1E-11
3E-11
4E-11
7E-11
4E-10
SE-12
3E-11
4E-12
SE-10

2E-09
8E-09
SE-09
SE-08
SE-09
2E-07
2E-06
SE-09
8E-08
8E-07
9E-08
2E-08
2E-08
1E-08
8E-07
2E-07
2E-05




[HOLE DRILLING — ZONE B
EPAThreshold Lewels

Radionuclides
Uranium 233 & 234
Uranium 235

Uranium 238
Americium 241
Plutonium 239 & 240
Tritium (gas)**
Strontium 89

Strontium 90

Cesium 137

Radium 226

Radium 228

Non —Radionuclides
Arsenic

Barium

Beryllium

Cadmium

Chromium I11
Chromium VI
Manganese

Mercury
Hexachlarocyclohexane (alpha) -
Hexachlarocyclohexane (beta)
Heptachlor

Heptachlor Epaxide
Aldrin

Dieldrin

DDT

Chlordane (alpha, gagmma)
Toxaphene

VOCs & Semi—VOCs
Chloroform
1,1,1-Trichloroethane
Carbon Tetrachloride
Benzene

Toluene
Dichloromethane
Xylenes

MEK
1,2-Dichloroethane
Bromomethane

Carbon Disulfide
1,1-Dichloroethene
1,1-Dichloroethane
Vinyl Acetate
1,3—Dichloropropene
1,1 2-Trichloroethane
Bromofam
Tetrachlaroethene
Chlorobenzene
Ethylbenzene

Styrene

Vinyl Chlaride
1,2-Dichloroethane
1,2—-Dichloropropane
1,1,2,2—Tetrachloroethane
2—Chloroethyl Ether
1,4—-Dichlorobenzene
1,2-Dichlorobenzene
Nitrobenzene
Hexachloroethane
1,2,4—Trichlorobenzene
Hexachlaorobutadiene
Hexachlarocyclopentadiene
2,4,6—Trichlorophenol

LECR
Threshold Cone.

BCifg

1.04E+05
LI12E+05
1.16E+05
6.99E+04
6.82E+04
3.58E+10
9.64E+08
4.99E+07
5. 70E+07
9.2E+H05
4.30E+06

1.00E+05

5.95E+05
8.19E+05

1.2E+06

7.93E+05
2.78E+06
1.11E+06
S.49E+05
2.94E+05
312E+06
147E+07
3.84E+06
4.54E+06

3.64E+04

227E+04
9.83E+04

1.47E+06

3.24E+04

2.46E+03

227E+04
5.17E+04
7.56E+05
1.64E+06

1.47E+06
1.02E+05
324E+04
227E+04

HI
Threshold Conc.

357TE+H07

2.04E+05
2.04E+05
4.07E+06

3.07E+06

6.32E+07

126E+07
1.90E+07
1.90E+06
1.90E+07

421E+05
6.32E+04

2.11E+07
126E+06
126E+05

1.05E+06
6.32E+06

147E+04

2.68E+03

2.11E+05

3.78E+04

2.68E+05
1.84E+03

421E+06
8.42E+06
1.26E+05
6.32E+05

421E+03

Hexachlarobenzene




DESCRIPTION: The equation for vebicle traffic predicts emissions bas ed onsilt content, mean vehicle speed, variables requiring input

weight and number of wheek, and the number of days with precipiation >= .254mm.

Turners X/Q
Fa Resprable Fines < =10um, K = 0.45 Contaminant Dspas jon
EHE(kg/VKT) = K(1.7Xw12)(S/48)(W/2.T) ~ K w/d) ~ .X(365-p)/365) (note 1) Variable Unit Paameta Remark
Variable Unit Parameter Q1, Emission Rate — Non—Radionulide ghec. 2.63E-07 Receptar @
cooococssSsococo=ssSo=mos oo T 2 Q2, Emision Rate — Radi lid: pCisec. 2.63E-01 29km
s, Silt Content ®% Q3, Emission Rate - VOGO g/sec. 0.00E +00
S, Mean Vchicle Speed km/hr Pi .
W, Mean V chicle Weight Mg Sigmay m :Class D stability
w, Mean Number of Wheek Sigma z m lss D stability,
P, Days with Prec. > =0.254mm Windspeed miec
T, Dur ation of Activity br Contaminant Concentrations st Fenceline
D, Total V ehicle Distance Travelled km Non ~Radionuclides mg/m "3 1.53E-09
Radionuclides pCiim "3 1.53E -06
VOC Total (note 2) 0.00 VoG mg/m "~ 3 0.00E +00
Initiat Concentrations of Contaminants in Soib at Source
Radionuctides (pCig) 1.00E +00
Non-Rad) (ug/g or ppm) 1.00E + 00
VOGs (ugfg o ppm) 1.00E +00
Emissions at Source: (note 3)
Partculate Emissions from Source kg/km 9.48E -01
Non-Radionuclide (solids) Emission Rate gs 2.63E-07
Radionuclide Emision Rate (note 4) pCis 2.63E-01
VOO Emasion Rate L] 0.00E +00
Target Threshold Risk 1.00E ~-06 |
Note 1: Reference Memorandum from Tom Tistinic, Public Health Engineer, on Fugitive Particulate Embsioms, July 2, Target Threshold Hazard Index 0.1

1984. Through Colorado Department of Health, Air Pollution Control Division.
Note 2: V OCs emiss ions are assumed to be negligable for this activity.
Note 3: Contaminant emissionrates are based on the d initial contami rations in thesoil.
Note 4: Radi fides are ed to be distributed only and homogeniowsly in the top 6 inch laya of soil.
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LECR HI

Threshold Conc. Threehold Cone.
Radionuclides pCifg
Uranium 233 & 234 2.76E+03
Uranium 235 2.98E+03
Uranium 238 311E+03
Americium 241 1.86E+03
Plutonium 239 & 240 1.82E+03
Tritium (gas)** 9.55E+08
Strontium 89 257E+07
Strontium 90 1.33E+06
Cesium 137 1.52E+06
Radium 226 2.48E+04
Radium 228 1L1SE+05
Non—Radionuclides upfR uglp
Arsenic 2.67E+03
Barium 9.52E+05
Beryllium 1.59E+04
Cadmium 2.18E+04
Chromium 11 S.43E+03
Chromium VI 325E+4+04 5.43E+03
Manganese 1.09E+05
Mercury 8.19E+04
Hexachlarocyclohexane (alpha) 2.12E+04
Hexachlarocyclohexane (beta) 7.40E+04
Heptachlor 2.96E+04
Heptachlor Epaxide 1.46E+04
Aldrin 7.84E+03
Dieldrin 8.33E+04
DDT 3.92E+05
Chlordane (alpha, gamma)) 1.03E+05
Toxaphene 121E+05
VOCs & Semi—VOCs ug/g ug/g
Chloroform NA NA
1,1,1-Trichloroethane N/A N/A
Carbon Tetrachlaride N/A N/A
Benzene N/A N/A
Toluene N/A N/A
Dichloromethane N/A N/A
Xylenes NA N/A
MEK N/A N/A
1,2—Dichloroethane N/A N/A
Bromomethane N/A N/A
Carbon Disulfide N/A N/A
1,1-Dichloroethene N/A N/A
1,1-Dichloroethane N/A N/A
Vinyl Acetate N/A N/A
1,3—-Dichloropropene N/A N/A
1,1,2—Trichloroethane N/A N/A
Bromofarm N/A N/A
Tetrachlaroethene N/A N/A
Chlorobenzene N/A NA
Ethylbenzene N/A N/A
Styrene N/A N/A
Vinyl Chlaride N/A N/A
1,2-Dichloroethane N/A N/A
1,2-Dichloropropane N/A N/A
1,1,2,2—Tetrachloroethane NA NA
2—Chioroethyl Ether N/A N/A
1,4-Dichlorobenzene N/A N/A
1,2-Dichlorobenzene N/A N/A
Nitrobenzene N/A N/A
Hexachlaroethane N/A N/A
1,2,4-Trichlorobenzene NA N/A
Hexachlarobutadiene N/A N/A
Hexachlarocyclopentadiene N/A N/A
2,4,6~Trichlorophenol N/A N/A
Hexachlarobenzene N/A N/A




DESCRIPTION:

The equation for vehicle traffic predicts emisions bas ed onsilt content,

mean vehiclespeed,

weight and number of wheeb, and the number of days with precipitation > = .254mm.

= variables requiring input

Turners X/Q
Fa Resprrable Fines < =10um, K = 0.45 Contaminant Dspersion
EHE(kg/V KT) = K(1.7)(s/12)(S/48)}(W/2.T) ~ . wid) ~ .X(365—p)/365) (notel) Variable Unit Parameter Remak
cusessessszwsesseE - seccese sssssssed
Variable Unit Parameter Q1, Emision Rate = Non-Radionuclide ghec. 263E-06 Receptar @
S ===== == Q2, Emision Rate — Radionuclid pCisec. 2.63E 400 29km
s, Silt Content % Q3, Emission Rate - VOGs gfsec. 0.00E +00
S, Mean V ehicle Speed km/r Pi
W, Mean Vehicle Weight Mg Sigmay m Class D stability|
w, Mean Number of Wheeb Sigmaz m lass D stability|
P, Days with Prec. > =0.254mm Wind speed mAec
T, Dur ation of Activity br Contaminant Concentrations at Feaceline
D, Total V ehicle Distance Travelled km Non ~Radionuclides mg/m ™3 1.53E-08
Radionuclides pCim~3 1.53E-05
VOC Total(note 2) 0.00 Voo mg/m~3 0.00E +00
Initial Concentrations of Contaminants in Soik at Source
Radionuclides (pCig) 1.00E +00
Non-Rad’ (ug/g or ppm) 1.00E +00
VOGs (ng/g or ppm) 1.00E +00
Emissions at Source: (note 3)
Particulate Emissions from Source ’ kg/km 9.48E -01
Non -Radionuclide (solids) Emision Rate 7] 2.63E-06
Radi lide Emasion Rate (note 4) pCis 2.63E +00
VOGs Emssion Rate 0.00E +00

Target Threshold Risk 1.00E -06 |
Note 1: Reference Memorandum from Tom Tistinic, Public Health Engineer, on Fugitive Particulate Emasions, July 2, Target Threshold Hazard Index 0.1
1984. Through Colorado Department of Health, Air Pollution Control Division.
Note 2: V OCs emiss ions are assumed to be negligable for this activity.
Note 3: Contaminant emission rates are based on the d initial cont ations in thesoil.

Note 4: Radi tides are ed to be distributed only and bomogeniowsly in the top 6 inch layer of soil.




Vehicle Traffic — Heavy(100 VKT/Day) — Zose B

Dose/Risk Estimates —~ Radionuclides

Variable Unit Parameter
Intake Rate m "3/

Intake Duration hr/day

Exposure Period Days

Fract. Leeward Wind Factor

Intake Concentration pCi/m~3 1.53E-05
Intake/Exposure Period pCi 1.34E-01
EPA L.E.C.R.

Uranium 233 & 234 4E-09
Uranium 235 3E-09
Uranium 238 3E-09
Americium 241 SE-09
Plutonium 239 & 240 6E-09
Tritium (gas)** 1E-14
Strontium 89 4E-13
Strontium 90 8E-12
Cesium 137 7E-12
Radium 226 4E-10
Radium 228 9E-11

Dose/Risk Estimates — Noa— Radionuclides

Variable Unit
Intake Rate m "~ 3/kr
Intake Duration hr/day
Exposure Period Days
Fract. Leeward Wind Factor

Intake Concentration mg/m ~ 3
Intake/Exposure Period mg

Carcinogen Dose Rate  mg/kg/day
Non-Carc. Dose Rate  mg/kg/day

EPA L.E.C.R.

Arsenic

Beryllium

Cadmium

Chromium VI

a— Hexachlorocyclohexane
B- Hexachlorocyclohexane
Heptachlor

Heptachior Epoxide
Aldrin

Dieldrin

DDT

Chlordane (alpha, gamma)
Toxaphene

Hazard Ouotient
Barium

Chromium IIl
Chromium VI

Manganese
Mercury

Parameter

1.53E-08
1.34E-04
7.50E~-11
1.05E~-09

4E-09
6E-10
SE-10
3E-10
SE~-10
1E-10
3E-10
7E-10
1E-09
1E-10
3E-11
1E-10
8E-11

1E-06
2E-04
2E-04
9E-06
1E-05

Dose/Risk Estimates — VOCs

Variable Unit
Intake Rate m "3/
Intake Duration hr/day
Exposure Period Days
Fract. Leeward Wind Factor

Intake Concentration mg/m ™3
Intake/Exposure Period mg

Carcinogen Dose Rate  mg/kg/day
Non-Carc. Dose Rate  mg/kg/day

EPA L.E.C.R.

Chloroform

Carbon Tetrachloride
Benzene
Dichloromethane

1,2- Dichlaroethane
1,1- Dichlaroethene
1,3~ Dichlaropropene
1,1,2- Trichloroethane
Bromoform '
Tetrachloroethene
Styrene

Vinyl Chloride

1,2- Dichlaroethane
1,2~ Dichlaropropane
1,1,2,2- Tetrachloroet hane
2-Chloroethyl Ether
Hexachlorethane
Hexachlorobutadiene
2,4,6— Trichlorophenol
Hexachlorobenzene

Hazard Quotieat

1,1,1- Trichloroethane
Toluene
Dichloromethane
Xylenes

MEK

Bromomethane

Carbon Disulfide

1,1- Dichlaroethane
Vinyl Acetate

1,3~ Dichlaropropene
Chlorobenzene
Ethylbenzene

1,4— Dichlarobenzene
1,2- Dichlarobenzene
Nitrobenzene

1,2,4— Trichlorobenzene
Hexachlorocyclopeat adiene

Parameter

0.00E +00
0.00E+00
0.00E +00
0.00E+00

OE +00
OE +00
0E +00
0E +00
0E +00
O0E+00
OE+00
O0E +00
0E+00
0E +00
O0E+00
0E +00
0E+00
OE +00
OE +00
0E +00
0E+00
0E+00
OE +00
0E +00

0E+00
OE +00
0E+00
OE +00
0E+00
0E +00
0E +00
OE+00
0E +00
OE +00
0E+00
OE +00
OE+00
0E +00
OE +00
OE +00
OE + 00




icle Trafiic — Hea ne
res 8 LE.CR HI
Threshold Conc. Threehold Conc.

Radionuclides
Uranium 233 & 234 2.76E+02
Uranium 235 2.98E+02
Uranium 238 311E+02
Americium 241 1.86E+02
Plutonium 239 & 240 1.RE+02
Tritium (gas)**® 9.55E+07
Strontium 89 2.5TE+06
Strontium 90 1.33E+05
Cesium 137 1.52E+05
Radium 226 2.48E+03
Radium 228 1L.15E+04
Non —Radionuclides u ugfe
Argenic 2.67E+02
Barium 9.52E+04
Beryllium 1.59E+03
Cadmium 2.18E+03
Chromium I1I 5.43E+02
Chromium V1 325E+03 5.43E+02
Manganese 1.09E+04
Mercury 8.19E+03
Hexachlorocyclohexane (alpha) 2.12E+03
Hexachlorocyclohexane (beta) 7.40E+03

‘| Heptachlor 2.96E+03
Heptachlor Epaxide 1.46E+03
Aldrin 784E+02
Dieldrin : 8.33E+03
DDT ! 3NE+04
Chlordane (alpha, gamma) 1.03E+04
Toxaphene 121E+04
VOCs & Semi—VOCs ug/g ug/g
Chloroform N/A N/A
1,1,1-Trichloroethane N/A N/A
Carbon Tetrachloride N/A N/A
Benzene N/A N/A
Toluene N/A N/A
Dichloromethane N/A N/A
Xylenes N/A N/A
MEK N/A N/A
1,2—-Dichloroethane N/A N/A
Bromomethane N/A N/A
Carbon Disulfide N/A N/A
1,1-Dichloroethene N/A N/A
1,1-Dichloroethane N/A N/A
Vinyl Acetate N/A N/A
1,3-Dichloropropene N/A N/A
1,1,2—Trichloroethane N/A N/A
Bromofarm N/A N/A
Tetrachlaroethene N/A N/A
Chlorobenzene N/A N/A
Ethylbenzene N/A N/A
Styrene N/A N/A
Vinyl Chiaride N/A N/A
1,2-Dichloroethane N/A N/A
1,2-Dichloropropane N/A N/A
1,1,2,2—Tetrachloroethane N/A N/A
2-Chioroethyl Ether N/A N/A
1,4—Dichlorobenzene N/A N/A
1,2—Dichlorobenzene N/A N/A
Nitrobenzene N/A N/A
Hexachloroethane N/A N/A
1,2,4—Trichlorobenzene NA N/A
Hexachlorobutadiene NA N/A
Hexachlorocyclopentadiene N/A N/A
2,4,6—Trichlorophenot N/A N/A
Hexachlarobenzene N/A N/A




DESCRIPTION: The equation for batch drop operations predicts emission factors based on particle size,
silt content, windspeed, drop height, moisture content, and dumping device capacity.

= variablesrequiring input

Turoers X/Q

For Respirable Fines < =15um,K = 0.48 Contaminant Dipersion
EHE(kg/Mg) = K(0.0009)[(s/5)(U/2.2)( H/1.5)J{(M/2) ~ 2(Y/4.6) ~ .33] (note 1) Variable Parameter Remark
Variable Unit Parameter Q1, Emission Rate ~ Non-Radionuclides ghec. 106E-10 Recepta @
scoosoocoooozomsos ==mas = Q2, Emésion Rate — Radi lid pCisec. 1.32E —05 29km
s, Silt Content % Q3, Emission Rate — VOCs gfsec. 1.65E-04
U, Mean Wind Speed mA Pi
H, Drop Height ~ m Sigmay Class D stability|
M, Moisture Content % Sigma z Class D stability|
Y, Bucket Capacity m~3 Windspeed - mbec 47
T, Duration of Activity | ’ br Contaminant Concentrations at Fenceline
D, Depth of Excavation o Non-Radionuclides mg/m~3 6.15E-13
V, Volume of Excavation m~3 Radionuclides pCi/m~3 7.67E -11
DT, Bulk Density of Soil Mg/m~ 3 Voo mg/m~3 9.57E -07
MT, Total Mass of Soil/Pit Mg Initial Concentrations of Contaminants in Soik st Source
VOC Total(note 2) [ 3
Assuming one pit constructed per day for five Radionuctlides (pCi/g) 1.00E +00
years gives a total number of pits equal to: 1825 Non —Rad% (ug/g or ppm) 1.00E +00

’ VOGs (ug/g o ppm) 1.00E +00
Emissions at Source: (noote 3) .
Partculate Emissions from Source kg/Mg 6.43E-04
Non—Radionuclide (solids) Emasion Rate gk 1.06E-10
Radionuclide Emgsion Rate(note 4) pCis 1.32E-05
VOG Emasion Rate [ %] 1.65E-04

Target Threshold Risk
Note 1: Reference Memorandum from Tom Tistinic, Public Health Engineer, on Fugitive Particutate Embsions, July 2, Target Threshold Hazard Index

1.00E -06
0.1

1984, Through Colorado Department of Health, Air Pollution Contro! Division.
Note 2: VOCs are mssumed to be completely volatilized and emitted from the soil during this activity.
Note 3: Contaminant emission rates are based on the d initial L ations in the soil.
Note 4: Radi fides are d to be distributed only and homogeniouwsly in the top 6 inch layar of soil.




BATCH DROP CALCULATION — TEST PITS - ZONE B

Daose/Risk Estimates — Radionuclides

Variable Unit Parameter
Intake liale m*3/br

Intake Duration hr/day

Exposure Period Days

Fract. Leeward Wind Factor

Intake Concentration pCi/m~3 7.67E-11
Intake/Exposure Period pCi 6.72E-07
EFPA L.E.C.R.

Uranium 233 & 234 2E-14
Uranium 235 2E-14
Uranium 238 2E-14
Americium 241 3E-14
Plutonium 239 & 240 3E-14
Tritium (gas)** SE-20
Strontium 89 2E-18
Strontium 90 4E-17
Cesium 137 3E-17
Radium 226 2E~15
Radium 228 4E-16

Dose/Risk Estimates — Noa— Radioauclides

Variable Unit Parameter
Intake Rate m "~ 3/

Intake Duration hr/day

Exposure Period Days

Fract. Leeward Wind Factor

Intake Concentration mg/m ~3 6.15E-13
Intake/Exposure Period mg 5.39E-09
Carcinogen Dose Rate  mg/kg/day 3.01E~15
Non-Carc. Dose Rate  mg/kg/day 4.22E-14
EPA LLEC.R.

Arsenic 2E-13
Beryllium 3E-14
Cadmium 2E-14
Chromium VI 1E-14
a— Hexachlorocyclohexane 2E-14
B- Hexachlorocyclohexane SE-15
Heptachlor 1E-14
Heptachlor Epoxide 3E-14
Aldrin SE-14
Dieldrin SE-15
DDT 1E-15
Chlordane (alpha, gamma) 4E-15
Toxaphene 3E-15
Hazard Quotieat

Barium 4E-11
Chromium III TE-09
Chromium VI TE-09
Manganese 4E-10
Mercury SE-10

Dose/Risk Estimates ~ VOCs

Variable Unit
Intake Rate m~ 3/br
Intake Duration hr/day
Exposure Period Days

Fract. Leeward Wind Factor

Intake Concentration mg/m~3
Intake/Exposure Period mg

Carcinogen Dose Rate  mg/kg/day
Non-Carc. Dose Rate  mg/kg/day

EFPA L.E.C.R.

Chloroform

Carbon Tetrachloride
Benzene
Dichloromethane

1,2- Dichlaroethane
1,1- Dichlaroethene
1,3— Dichlaropropene
1,1,2- Trichloroethane
Bromoform
Tetrachloroethene
Styrene

Vinyl Chloride
1,2-Dichlaroethane
1,2—- Dichlaropropane
1,1,2,2- Tetrachloroethane
2~ Chloroethyl Ether
Hexachlorethane
Hexachlorobutadiene
2,4,6— Trichlorophenol
Hexachlorobenzene

Hazad Owotieat

1,1,1- Trichloroethane
Toluene
Dichloromethane
Xylenes

MEK

Bromomethane

Carbon Disulfide

1,1- Dichlaroethane
Vinyl Acetate

1,3— Dichlaropropene
Chlorobenzene
Ethylbenzene

1,4 - Dichlarobenzene
1,2- Dichlarobenzene
Nitrobenzene

1,2,4- Trichlorobenzene
Hexachlorocyclopent adiene

Parameter

9.57E-07 | |
8.39E-03 |
4.69E-09 |
6.5TE-08 :

4E-10
6E-10
1E-10
9E-12
4E-10
6E-09
6E-10
3E-10
2E-11
8E-12
9E-12
1E-10
4E-10
6E-10
9E-10
SE-09
TE-11
4E-10
SE-11
8E-09

2E-08
1E-07
TE~-08
TE-07
TE-08
3E-06
2E-05
TE-08
1E-06
1E-05
1E-06
2E-07
3E-07
2E-07
1E-05
2E-06
3E-04




(_ - -

BATCHDROP CALCULATION — TEST PITS — ZOREB
EPA Threshold Levels L.E.CR
Threshold Conc.
Radionuclides i
Uranium 233 & 234 5.51E+07
Uranium 235 596E+07
Uranium 238 620E+07
Americium 241 3. 2E+07
Plutonium 239 & 240 3.63E+07
Tritium (gas)*® 191E+13
Strontium 89 5.13E+11
Strontium 90 2.66E+10
Cesium 137 3.04E+10
Radium 226 496E+08
Radium 228 229E+09
Non—Radionuclides V)
Arsenic 6.64E4+06
Barium
Beryllium 3.95E+07
Cadmium 5.44E+07
Chromium I11
Chromium V1 8.09E+07
Manganese
Mercury
Hexachlorocyclohexane (alpha) S2TE+07
Hexachlarocyclohexane (beta) 1.84E+08
Heptachlor 737E+07
Heptachlor Epaxide 3.65E+07
Aldrin 1.95E+07
Dieldrin 207E+08
DDT 9.76E+08
Chlordane (alpha, gamma) 2.55E+08
Toxaphene 3.02E+08
VOCs & Semi—-VOCs 1]
Chioroform 2.63E+03
1,1,1-Trichloroethane
Carbon Tetrachlaride 1.64E+03
Benzene 711E+03
Toluene
Dichloromethane 1.07E+05
Xylenes
MEK
1,2—Dichloroethane 234E+03
Bromomethane
Carbon Disulfide
1,1 -Dichloroethene 1.78E+02
1,1-Dichloroethane
Vinyl Acetate
1,3-Dichloropropene 1.64E+03
1,1,2~Trichloroethane 3.74E+03
Bromofarm S47E+04
Tetrachloroethene 1.18E+05
Chlorobenzene
Ethylbenzene
Styrene 1.07E+05
Vinyl Chlaride 135E+03
1,2-Dichloroethane 234E+03
1,2—Dichloropropane 1.64E+03
1,1,2,2—Tetrachloroethane LO7E+03
2—Chloroethyl Ether 1.M4E+02
1,4—Dichlorobenzene
1,2-Dichlorobenzene
Nitrobenzene .
Hexachlaroethane 1.52E+04
1,2,4~Trichlorobenzene .
Hexachlorobutadiene 2.73E+03
Hexachlorocyclopentadiene
2,4,6-Trichlorophenol 1.94E+04
Hexachlorobenzene 1.33E+02

m .
Threshold Conec.

uplg
2.37E+09

1.35E+07
135E+07
2.70E+08
2.04E+08

4.5TE+06

9.14E+05
1.37E+06
1.37E+05
1.37E+06

3.05E+04
4.5TE+03

1.52E+06

9.14E+04
9.14E+03

7.62E+04
4.5TE+05

3.05E+05
6.09E+05
9.14E+03
4.57TE+04

3.05E+02




DESCRIPTION: Therelationship for predicting fugitive dust emissions during topsoif removal = variables requiring input
byscraper is on a per mass unit basis of soil removed.
Turaers X/Q
Far Respirable Fines < =15um Contaminant Dspersion
EHE(kg/Mg) = 0.019kg/Mg of Soil Removed (note 1) Variable Unit Parameter Remark
Variable Unit Parameter Q1, Emsion Rate — Non—-Radionuclide ghec. 2.21E-07 Receptar @
EsosanssSSSsom=zss memao QLE Rate — Radi lid pCi/gec_ 1.10E -01 29km
A, Ares Subject to Topsail Removal m~2 Q3, Emission Rate - VO3 glrec. 1.16E -02
D, Depth of Tomoil Removal m Pi
DT, Bulk Density of Soil Mg/m~3 Sigmay m Class D stability,
V, Volume of Topmoil to be Removed m~3 Sigma z m Class D stability|
T, Total Period of Removal br Wind speed mAec
Contaminant Concentrations at Fenceline
Non -Radionuclides mg/m ~ 3 1.29E-09
Radionuclides pCim "~ 3 6.43E -07
Voo mg/m~3 6.77E 05
MT, Total Mass of Topsoil R emoved Mg 13293 Initial Concentrations of Contaminants in Soib at Source
VOC Total (note 2) 3 13293
Radionuclides (pCilg) 1.00E +00
Non -Rad¥ (ug/g or ppm) 1.00E +00
VOCs (ug/g or ppm) 1.00E +00
Embsions at Source: (note J)
Particulate Emissions from Source kg/Mg 1.90E~02
Non-Radionuclide (solids) Emission Rate s 2.21E-07
Radionuctide Emission Rate (note 4) pCis 1.10E-01
VOG Embsion Rate %] 1.16E -02
Target Threshold Risk 1.00E —-06
Note 1: Refaence Memorandum from Tom Tistinic, Public Health Engineer, on Fugitive Particulate Emisions, July 2, Ilu’get Threshold Hazard Index 0.1

1984. Through Colorado Department of Health, Air Pollution Controt Division.
Note 2: VOCs are assumed to be completely volatilized and emitted from the soil during the removal activity.
Note 3: Contaminant emissionrates are based on the d initial cont rations in the soil.
Note 4: Radi fides are ed to be distributed only and homogeniowly in the top 6 inch layer of soil.




. N . c _ e

Variable

- Intake Rate
Intake Duration
Exposure Period

Intake Concentration
Intake/Exposure Period

EPA L.EC.R.

Uranium 233 & 234
Uranium 235
Uranium 238
Americium 241
Plutonium 239 & 240
Tritium (gas)**
Strontium 89
Strontium 90
Cesium 137
Radium 226
Radium 228

Fract. Leeward Wind Factor

eIRisk Estimates — Radionuc

pCi/m ~3
pCi

2E-10
1E-10
1E-10
2E~-10
2E-10
4E-16
2E~-14
3E-13
3E-13
2E-11
4E-12

Dose/Risk Estimates — Non— Radionuclides

Variable Unit - Parameter

E R 5 3 =====

Intake Rate m "3/

Intake Duration hr/day

Exposure Period Days

Fract. Leeward Wind Factor

Intake Concentration mg/m ~ 3 1.29E-09
Intake/Exposure Period mg 1.13E-05
Carcinogen Dose Rate  mg/kg/day 6.30E-12
Non-Carc. Dose Rate  mg/kg/day 8 81E-11
EFA LEC.R.

Arsenic 3E-10
Beryllium SE-11
Cadmium 4E-11
Chromium VI 3E-11
a— Hexachlorocyclohexane 4E-11
B~- Hexachlorocyclohexane 1E-11
Heptachlor 3E-11
Heptachlor Epoxide 6E-11
Aldrin , 1E-10
Dieldrin 1E-11
DDT 2E-12
Chlordane (alpha, gamma) 8E-12
Toxaphene 7E-12
Hazard Ouoticat

Barium 9E-08
Chromium IiI 2E-05
Chromium VI 2E-05
Manganese 8E-07
Mercury 1E-06

Dose/Risk Estimates — VOCs

Variable Unit
Intake Rate m ~3/br
Intake Duration hr/day
Exposure Period Days

Fract. Leeward Wind Factor

Intake Concentration
Intake/Exposure Period mg

Carcinogen Dose Rate  mg/kg/day
Non—Carc. Dose Rste  mg/kg/day

EPA L.E.C.R.

Chtloroform

Carbon Tetrachloride
Benzene
Dichloromethane

1,2~ Dichlaroethane
1,1- Dichloroethene
1,3- Dichlaropropene
1,1,2—- Trichloroethane
Bromoform
Tetrachloroethene
Styrene

Viayl Chloride .

1,2- Dichlaroethane
1,2~ Dichlaropropane
1,1,2,2—~ Tetrachloroethane
2—-Chloroethyl Ether
Hexachlorethane
Hexachlorobutadiene
2,4,6— Trichlorophenol
Hexachlorobenzene

Hazard Quotient

1,1,1~- Trichloroethane
Toluene
Dichloromethane
Xylenes

MEK

Bromomethane

Carbon Disulfide

1,1- Dichlaroethane
Vinyl Acetate

1,3- Dichlaropropene
Chlorobenzene
Ethylbenzene

1,4- Dichlarobenzene
1,2- Dichlarobenzene
Nitrobenzene

1,2,4- Trichlorobenzene
Hexachlorocyclopent adiene

Parameter

6.77E-05
S.93E-01
3.31E-07
4.64E~-06

3E-08
4E-08
‘1IE-08
TE-10
3E-08
4E-07
4E-08
2E-08
1E-09
6E-10
7TE-10
1E-08
3E-08
4E-08
TE-08
4E-07
SE-09
3E-08
4E-09
SE-07




[TOPSOIL REMOVED BY SCRAPER — ZONE B
BPAThreshold Lewels

Radionuclides
Uranium 233 & 234
Uranium 235

Uranium 238
Americium 241
Plutonium 239 & 240
Tritium (gas)**
Strontium 89
Strontium 90

Cesium 137

Radium 226

Radium 228
Non—Radionuclides
Argenic

Barium

Beryllium

Cadmium

Chromium 111
Chromium VI
Manganese

Mercury
Hexachlarocyclohexane (alpha)
Hexachlorocyclohexane (beta)
Heptachlor
Heptachlor Epaxide

.| Aldrin

Dieldrin

DDT

Chlardane (alpha, gamma)
Toxaphene

VOCs & Semi—VOCs
Chloroform
1,1,1-Trichloroethane
Carbon Tetrachloride
Benzene

Toluene
Dichloromethane
Xylenes

MEK
1,2—-Dichloroethane
Bromomethane

Carbon Disulfide
1,1-Dichloroethene
1,1-Dichloroethane
Vinyl Acetate
1,3—Dichloropropene
1,1,2-Trichloroethane
Bromofarm
Tetrachlaroethene
Chlorobenzene
Ethylbenzene

Styrene

Vinyl Chlaride
1,2-Dichloroethane
1,2—Dichloropropane
1,1,2,2—Tetrachloroethane
2—Chloroethyl Ether |
1,4—-Dichlorobenzene
1,2—-Dichlorobenzene
Nitrobenzene
Hexachlaroethane
1,2,4—Trichlorobenzene
Hexachlorobutadiene
Hexachlorocyclopentadiene
2,4,6—Trichlorophenol

Hexachlorobenzene

L.E.CR
Threshold Conc.

eCifg

U

6.58E+03
7.10E+03
7.40E+03
4.4E+03
4.33E+03
228E+09
6.12E+07
3.17E+06
3.62E+06
5.92E+04
2.73E+05

3.18E+03

1.89E+04
2.60E+04

3B7E+04

2.52E+04
8.82E+M
3.53E+04
L7SE+04
9.34E+03
9.93E-+04
4.67E+05
1L2E+05
1.44E+05

3.73E+01

2.32E+01
1.01E+02

1.51E+03

332E+01

2.51E+00

2.32E+01
529E+01
7.74E+02
1.68E+03

1.51E+03
1.04E+02
3RE+H01
2.2E+01
1.51E+01
2.74E+00

2.16E+02
3.87E+01

2.714E+02
1.89E+00

Hi
Threshold Conc.

1.13E+06

647E+03
6.47E+03
129E+05
9.76E+04

uglg
6.47E+04

1.29E+04
1.94E+04
1.94E+03
1.94E+04

4.31E+02
6.47E+01

2.16E+04

129E+03
129E+02

1.08E+03
6.47TE+03

4.31E+03
8.62E+03
129E+02
6.47E+02

4.31E+00




DESCRIPTION: The equation for batch drop operations predicts emission factors based on particle size,
silt content, windspeed, drop height, moisture content, and dumping device capacity.

= variables requiring input

Turpers X/Q
For Respirable Fines < =15um, K = 0.48 Contaminant Dspersion
EHE(kg/Mg) = K(0.0009)((s/5XU/2.2)(HN.5)W(M/2) ~ 2(Y/4.6) " .33] (note 1) ' Variable © Uit Parameter Remark
Variable Unit . Parameter Q1, Emission Rate — Non—Radionuclide ghec. 2.17E~09 Receptar @
===ms=s=ssSssSssooooe ===== | Q2, Emission Rate — Radionuclides pCikec. 1.09E-03 29km
s, St Content % Q3, Emisgsion Rate - VOG gfsec. 0.00E +00
U, Mean Wind Speed mA Pi 314
H, Drop Height m Sigmay m lass D stabitity
M, Moisture Content % Sigmaz m lass D stability|
Y, Bucket Capacity m”~3 Wind speed mhec 47
T, Total Period of Unloading b Contaminant Concentrations at Fenceline
D, Depth of Excavation ] Non-Radionuclides mg/m~ 3 1.26E-11
A, Area of Tomoil Removed m”~2 Radionuclides pCim~3 6.31E-09
DT, Bulk Density of Soil Mg/m~3 i3 VoG mg/m ™3 0.00E +00
MT, Total Mass of Topsoil Mg 13293 Initial Concentrations of Contaminants in Soib at Source
VOC Total(note 2) 8 0.0

Radiomuclides (pCi/g) 1.00E +00

Non-Rad's (ug/g or ppm) 1.00E +00

VOGO (ug/g or ppm) 0.00E + 00
Emissions st Source: (note 3)
Particulate Emissions from Source kg/Mg 1.87E-04
Noa -Radionuclide (solids) Emission Rate 8h . 2.17TE-09
Radionuclide Emasion Rate(note 4) pCis 1.09E-03
VOO Emasion Rate L] 0.00E +00

[Tu';a Threshold Risk 1.00E ~06 I
Note 1: Reference Memorandum from Tom Tistinic, Public Health Engineer, on Fugitive Particulate Emisions, July 2, Target Threshold Hazard Index 0.1

1984. Through Colorado Department of Health, Air Pollution Control Division.
Note 2: V OCs are assumed to be completely volatilized and emitted fom the soil during the removal byscraper activity.
Note 3: Contaminant emissionrates are based on the d initial i rations in the soil.
Note 4: Radionuclides are ssumed to be ditributed only and homogeniously in the top 6 inch layar of soil.




TOPSOIL UNLOADING BY SCRAPER (BATCH DROP) - ZONE B

Dose/Risk Estimates — Radionuclides

Variable Unit Parameter
Intake Rate m”~ 3/

Intake Duration = hr/day

Exposure Period Days

Fract. Leeward Wind Factor

Intake Concentration pCi/m~3 6.31E-09
Intake/Exposure Period —pCi 5.53E-05
EPA LE.C.R.

Uranium 233 & 234 1E~12
Uranium 235 1E~12
Uranium 238 1E-12
Americium 241 2E-12
Plutonium 239 & 240 — 2E-12
Tritium (gas)** 4E-18
Strontium 89 2E-16
Strontium 90 ' 3E-15
Cesium 137 3E~15
Radium 226 2E-13
Radium 228 4E-14

Dose/Risk Estimates — Norn— Radioauclides

Variable Unit

Parameter

Intake Rate m " 3/lr

Intake Duration hr/day

Exposure Period Days

Fract. Leeward Wind Factor

Intake Concentration mg/m ~3 1.26E-11
Intake/Exposure Period mg 1.11E-07
Carcinogen Dose Rate  mg/kg/day 6.19E—-14
Non-Carc. Dose Rate  mg/kg/day 8.66E~13
EFA L.E.C.R.

Arsenic 3E-12
Beryllium SE-13
Cadmium 4E-13
Chromium VI 3E-13
a— Hexachlorocyclohexane 4E-13
B- Hexachlorocyclohexane 1E-13
Heptachlor 3E-13
Heptachlor Epoxide 6E-13
Aldrin 1E-12
Dieldrin 1E-13
DDT 2E-14
Chlordane (alpha, gamma) 8E-14
Toxaphene TE-14
Hazard Ouotient

Barium 9E-10
Chromium III 2E-07
Chromium VI 2E-07
Manganese 8E~-09
Mercury 1E-08

Dose/Risk Estimates — VOCs

Variable Unit
Intake Rate m ™ 3/ir
Intake Duration hr/day
Exposure Period Days
Fract. Leeward Wind Factor

Intake Concentration mg/m "3
Intake/Exposure Period mg
Carcinogen Dose Rate  mg/kg/day
Non~Carc. Dose Rate  mg/kg/day
EPA LECR.

Chloroform

Carbon Tetrachloride

Benzene

Dichloromethane

1,2~ Dichlaroethane
1,1- Dichlaroethene
1,3- Dichlaropropene
1,1,2- Trichloroethane
Bromoform
Tetrachloroethene
Styrene

Vinyl Chloride

1,2- Dichlaroethane
1,2- Dichlaropropane
1,1,2,2—- Tetrachloroethane
2-Chloroethyl Ether
Hexachlorethane
Hexachlorobutadiene
2,4,6—Trichlorophenol
Hexachlorobenzene

Hazard Quoticat

1,1,1-Trichloroethane
Toluene
Dichloromethape
Xylenes

MEK

Bromomethane

Carbon Disulfide

1,1- Dichlaroethane
Vinyl Acetate

1,3~ Dichlaopropene
Chlorobenzene
Ethylbenzene

1,4- Dichlorobenzene
1,2- Dichlarobenzene
Nitrobenzene

1,2,4— Trichlorobenzene
Hexachlorocyclopent adiene

0.00E + 00
0.00E + 00
0.00E +00
0.00E + 00

0E+00
0E+00
0E +00
0E +00
0E+00
O0E+00
OE +00
0E +00
OE +00
0E+00
0E+00
OE +00
OE+00
0E+00
O0E+00
0E +00
0E +00
0E +00
O0E+00
OE+00

OE+00
OE+00
0E+00
0E+00
OE+00
0E+00
0E+00
0E+00
OE+00
0E+00
0E+00
0E+00
OE +00
O0E +00
0E+00
OE+00
0E +00
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Radionuclides i

Uranium 233 & 234 6.70E+05

Uranium 235 723E+05

Uranium 238 7.53E+05

Americium 241 4.52E+05

Plutonium 239 & 240 4.41E+05

Tritium (gas)**® 2.32E+11

Strontium 89 623E+09

Strontium 90 323E+08

Cesium 137 3.69E+08

Radium 226 6.03E+06

Radium 228 2.78E+07

Non—Radionuclides ugfp uglg

Arsenic 323E+05

Barium 1.15E+08

Beryilium 1.R2E+06

Cadmium 2.65E+06

Chromium I1I 6.58E+05

Chromium VI 3.94E+06 6.58E+05

Manganese 1L.RE+H7

Mercury 9.93E+06

Hexachlarocyclohexane (alpha) 2.57E+06

Hexachlarocyclohexane (beta) 8.98E+06

Heptachlor 3.59E+06

Heptachlor Epaxide 1.78E+06

Aldrin 9.51E+05

Dieldrin 1.01E+07

DDT 4.76E+07

Chlordane (alpha, gamma) 124E+07

Toxaphene 147E+07

VOGCs & Semi—VOCs ug/g ugl/g

Chioroform NA NA

1,1,1-Trichloroethane N/A N/A

Carbon Tetrachloride N/A N/A

Benzene N/A N/A

Toluene N/A N/A

Dichloromethane N/A N/A

Xylenes NA NA

MEK N/A N/A

1,2-Dichloroethane N/A N/A

Bromomethane N/A N/A

Carbon Disulfide N/A N/A

1,1-Dichloroethene N/A N/A

1,1-Dichloroethane NA NA

Vinyl Acetate N/A N/A

1,3—Dichloropropene N/A N/A

1,1,2-Trichloroethane N/A N/A

Bromofarm N/A N/A

Tetrachlaroethene N/A N/A

Chlorobenzene N/A NA

Ethylbenzene N/A N/A

Styrene N/A N/A

Vinyl Chlcride N/A N/A

1,2-Dichloroethane N/A NA

1,2—Dichloropropane N/A NA

1,1,2,2-Tetrachloroethane N/A N/A

2-Chioroethyl Ether N/A N/A

1,4-Dichlorobenzene N/A N/A

1,2-Dichlorobenzene N/A N/A

Nitrobenzene N/A N/A

Hexachloroethane N/A N/A

1,2,4—Trichlorobenzene N/A N/A

Hexachlarobutadiene N/A N/A

Hexachlarocyclopentadiene N/A N/A
' 2,4,6—Trichlorophenot N/A N/A

Hexachlarobenzene N/A N/A




DESCRIPTION:

Therelationship for predicting fugitive dust emissions during topsoil transpartation

byscraper is based on thesilt content of the soil and the mean scraper wight.

Fa Respirable Fines < =15um

EHE(kg/V KT)=2.2E ~6°(s) ~ 1.4*(W) ~ 2.5 (note 1)

Variable Unit Parameter
soossoscosocooosos= om=s= ozazsoe=
A, Ares Subject 10 Topsall Removal m~2

D, Depth of Topsoil Removal m

DT, Bulk Density of Soil Mg/m~ 3

V, Volume of Tomoil to be Removed (Trarsported) m~3

T, Total Period of Transporting I
Total Number of Round Trips (Assumes Scraper Cap.=10.7m ~ 3) 952
s, Silt Content %

W, Mean Scraper Weight Mg

RT, Round Trip Distance . km

MT, Total Mass of Topsoil Tramsparted Mg

VOC Total I3

Emissions at Source: (nmote 3)

Particulate Emissions from Source kg/VKT 8.73E+00
Non —~Radionuclide (solids) Emission Rate F1) 1.16E -05
Radionuclide Emasion Rate (note 4) pCis 2.34E+01
VOO Emasion Rate [L) 0.00E +00

Note 1: Reference Memorandum from Tom Tistinic, Public Health Engineer, on Fugitive Particulate Emisiors, July 2,
1984, Trough Colorado Department of Health, Air Pollution Control Division.

Note 2: V OCs emiss ions are sssumed-to be negligable during this activity.

Note 3: Contaminant emission rates are based on the d initial ions in thesoil.

Note 4: Radi fides are d to be distributed only and homogeniowsly in the top 6 inch layer of soil.

= variables requiring input

Turners X/Q

Contaminant Dispersion

Variable Unit Parametar Remark

Q1, Embsion Rate ~ Non-Radioniclide ghec. 1.1E-05 Recepta @
Q2, Emision Rate — Radionuclides pCisec. 2.34E+401 29km

Q3, Emission Rate - VOO gfsec. 0.00E +00

Pi

Sigmay m lass D stability|
Sigma z m lass D stability|
Windspeed miec

Countaminant Concentrations at Fenceline

Non~Radionuclides mg/m "~ 3 6.77E-08

Radionuclide pCiim~3 1.36E -04

VOO mg/m~3 0.00E +00

Initial Concentrations of Contaminants in Soik at Source

Radionuclides (pCi/g) 1.00E +00

Non-Rad’ (ug/g or ppm) 1.00E +00

VOGs (ug/g o« ppm) 0.00E +00

Target Threshold Risk
Target Threshold Hazard lndex

1.00E -06
0.1




PRINCIPAL CONTAMINANTS — PESTICIDES/PCBs

Information Inh RIC (8) Inh SF

Source (mg/xg/day) (mg/xg/cay) =1
Hexachlorocyclohexane (alpha) ab @ eeeee—- 6.3
Henachiorocyciohexane (beta) ab  ememme—— 18
Heptachlor ab = mmmmm—— 45
Heptachior Epoxide ab @ meemee—- 9.1
Aldrin ab @ mmmeaaea 17
Dielarin ab @ memema- 1.6
DDT ab  mm=———- 0.34
Chiordane (alpha, gamma) - ab = eeeeea- 13
Toxaphene ab 0 eemee—a 1.1
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APPENDIX 2
ESTIMATION OF EMISSION RATES
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A.2.1 INTRODUCTION

The developed activity scenarios were selected based on the expectation that
their performance will contribute significantly to dust generation at the Rocky Flats
Plant. The activities were assumed to be common to four defined areas (Zones A,
B, and C, and Operable Unit 3) with the exception that the two excavation activities
will not occur in Operable Unit 3. Preliminary calculations indicated that some
RFI/RI intrusive activities such as trowel sampling and hand and small powered
augers are insignificant emission sources. Presentation of this information to the

working group resulted in the following activities:

Drilling

Light vehicle traffic
Heavy vehicle traffic
Minor excavation
Major excavation

These activities were developed using known applications where possible. For
instance, major excavation will involve the use of heavy equipment such as scrapers
and front-shovel excavators. Therefore, in order to establish plausible receptor dose
concentrations due to dust generation by operation of such equipment, their
application to the construction of the 881 Hillside French Drain (considered a major
excavation) was detailed. The following section provides descriptions and applicable

dust emission models specific to the aforementioned activities.
A.2.2 ACTIVITY SCENARIO IDENTIFICATION

Drilling: Drilling involves the placement of wells at various locations throughout the
site. These wells are assumed to be drilled to a depth of 30 ft. (9 m) with a diameter
of 8 inches (0.2 m) in a period of 10 hours. The dust emission rate is estimated as
0.25 kg per well, based on typical well dimensions (Tistinic, 1984. This technical

A-2-1 DRAFT



memo has served as the CDH "dust manual" as referenced in the working group
committee.) Volatile Organic Carbons (VOCs) are assumed to be distributed
homogeneously through the well boring, and, conservatively, the VOCs in the
displaced soil are assumed to be completely volatilized and emitted from the soil

' during the well drilling.

Light Vehicle Traffic: Light vehicle traffic is general activity support traffic (pickup
trucks, security vehicles, etc.) traversing the site via unpaved roads. This classification
of vehicle traffic assumes that the total traveled vehicle distance is in the range of 10
km in a 10 hour work period. The fugitive dust emission model used for this activity

is:

Emission (kg/VKT) = K (L1.7) (s/12) (S/48) (W/2.7)"7 (w/4)"S (365-p)/365

Vehicle Kilometer Traveled

aerodynamic particle size multiplier (0.45)

silt content of road surface material (%)

mean vehicle speed (km/hr)

mean vehicle weight (Mg)

mean number of wheels

number of days with at least 0.254 mm of precipitation
per year.

vsémwgs

The values used for these variables in running this model were either assumed
using good engineering judgement or obtained from various sources. The
aerodynamic partiéle size multiplier, K, accompanied the model (Tistinic, 1984). The
silt content, s, which is defined as that portion of the soil passing through a 200 mesh
screen, was estimated to be 50 percent based on a soil survey for the area (Soil
Conservation Service, 1980). The other variables were assumed to have the following

values for purposes of completing the model:

A22 | DRAFT
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Variable Assumed Valﬁe
\ S 16 km/h (10 mph)
l \%Y 2.7 Mg (=6000 Ibs)
w 4
P 40

A simple sensitivity analysis (see Figure 1) performed on the variables of this
model shows the effect of changes over the expected range of the variables. The
slope of the line for a particular variable in a given unit range is an indication of the
impact that changes in that variable have on the total emission factor (i.e., the greater
the slope, the greater a given change in a particular variable will impact the total

emission factor).

Figure 1 demonstrates that changes in mean vehicle weight have the greatest
impact on emissions over the expected ranges of operation for all of the variables.
Changes in the mean number of wheels on the vehicle and changes in silt content
have impacts on the total emission rate that are similar to one another over their

expected ranges of operation. The following list reflects the rank of the variables

with regard to impact on dust emissions.

. .

.‘ 1 W, Mean Vehicle Weight Increase
' 2 (tie) w, Mean No. of Wheels Increase
‘ s, Silt Content Increase
| ' 4 S, Vehicle Speed Increase
' 5 P, Precipitation Decrease
3 — e —— — —
I i
- |
. A-2-3 DRAFT

Ir




L . 5 . 1

- ﬁ - -'- «-

FIGURE 1
Sensitivity Analysis - Vehicle Traffic Model
3 .
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Factor
N

Unit
Vehicle Speed, km/h Silt Content, % Vehicle Weight, Mg
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No. of Wheels Prec. >=0.254mm/y
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It has been assumed that the soil being disturbed by vehicle traffic contains no
VOCs; therefore, this activity does not contribute to potential VOC intake by off-site

receptors.

Heavy Vehicle Traffic: Heavy vehicle traffic is identical to light vehicle traffic with
the exception that this classification of vehicle traffic assumes that the total vehicle

distance traveled is in the range of 100 km in a 10 hour work period.

Minor Excavation: Minor excavation refers to an excavation that requi{es a
minimum amount of heavy equipment operation. The activity chosen to represent
a minor excavation is the construction of a test pit with the dimensions of 7 ft. long
x 5 ft. wide x 4 ft deep. Construction of a test pit will utilize a backhoe and be
performed in a manner such that the top six inches of soil is removed and stored
prior to excavating the balance of the pit. The top six inches of soil is assumed to
contain radionuclides and will be isolated from the excavated soil. The predictive
emission factor (batch drop model) for such an operation is:

Emission (kg/Mg) = K (0.0009') (s/5) (U2.2) (H/1.5)

(M/2)? (Y/4.6)°3

aerodynamic particle size diameter (0.48)
silt content of material, %

mean wind speed, m/s

drop height, m

material moisture content, %

dumping device capacity, m>

~gTmac” R
T T I

As discussed in the section for light vehicle traffic, to run the above model
variables were either assumed using good engineering judgement or obtained from
various sources. K accompanied the emission model (Tistinic, 1984); s was estimated

as 50 percent (Soil Conservation Service, 1980); the mean wind speed, U, was
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estimated as 4.7 m/s from available wind rose data (see Appendix 3 - Dispersion
Calculation); the material moisture content was estimated as 10 percent based on
consultation with area experts; and the dumping device capacity was estimated as 0.25
m? which is 1/3 the bucket capacity for a Caterpillar Model 416 (Caterpillar, 1989).

A simple sensitivity analysis (see Figure 2) performed on the variables of this
model shows the effect of change over the expected range of the variables. Figure
2 demonstrates that changes in moisture content have the greatest impact by far on

the total particulate emission factor. The following list reflects the rank of the

variables with regard to impact on dust emissions.

1 M, Moisture Content Decrease
2 | H, Drop Height Increase
3 U, Mean Wind Speed Increase
4 s, Silt Content Increase
L 5 Y, Bucket Volume Decrease

VOCs are assumed to be distributed homogeneously through the soil
excavated during construction of the test pit. As with the well drilling, a worse case
for VOC emission has been developed by assuming all of the VOCs are completely

volatilized and emitted during the test pit construction.

Major Excavation: A major excavation requires the use of several types of heavy
equipment including scrapers and front-shovel excavators. As discussed‘earlier, the
activity chosen to represent a major excavation is the construction of the french drain
at the 881 Hillside location. Construction of the french drain will be stepwise with

the following major activities:
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FIGURE 2

Sensitivity Analysis - Backhoe Operations Model
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- NOTE: The increasing factors for both moisture
- cortert and buckst volusme resut in @ decrease inthe
B ermission factor (variable appeers in denominator).
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1. Topsoil removal by scraper, transportation by scraper and unloading
by scraper.
2. Trench excavation by front-shovel excavator.

These major activities are modeled for total particulate dust emission factors as
follows (Tistinic, 1984):

Removal by scraper
Emission (kg/Mg) = 0.019 kg/Mg

Transportation by scraper
Emission (kg/VKT) = 2.2 E-6 (s)* (W)**
s = silt content, %

W = mean vehicle weight, Mg

Unloading by scraper (Batch Drop)

Emission (kg/Mg) = K (0.0009) (s/5) (U/2.2) (H/L.5)

(M/2)? (Y/4.6)*

Note: Variables defined in dicussion for minor excavation.

Trench excavation by front-shovel excavator (Batch Drop)

(same as unloading by scraper)

The values for variables in the transportation and unloading by scraper models
were estimated from various sources. Again, silt content, moisture content, and mean
wind speed were estimated as 50 percent, 10 percent, and 4.7 m/s, respectively. The
bucket volume for the scraper was estimated as 10.7 m* (Caterpillar Model 621E)
and the drop height estimated as 1 m.

A-2-8 DRAFT
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The variables for the excavation by front shovel excavator were estimated as
discussed for the scraper model with the exception that the bucket volume was
estimated as 3.5 m> (Caterpillar Model 245B) (Caterpillar, 1989), and the drop height

estimated as 2 m.

A sensitivity analysis was unnecessary for the removal by scraper model;
however, a simple sensitivity analysis was performed on the transportation model.
Figure 3 demonstrates that changes in mean vehicle weight have the greatest impact
on the total particulate emission factor; however, an increase in either variable (silt
content or mean vehicle weight) results in an increase in the total particulate

emission factor.

A sensitivity analysis for the batch drop equation used to model both
unloading by scraper and excavation by front-shovel excavator was discussed in the

section for minor excavation.

Assumptions used for VOCs emissions are the same as those discussed under

minor excavation.
A.23 REFERENCES
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3. Caterpillar Performance Handbook, 20th Edition, October 1989. Peoria, IL,
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FIGURE 3
Sensitivity Analysis - Scraper Trans. Model
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To:

MEMORANDUM

All ‘Interested Parties

Through: Colorado Department of Health, Air Pollution Control Division

From:

Tom Tistinic, Public Health Engineer

Subject: Fugitive Particulate Emissions

Date:

July 2, 1984

Attached find the updated compilation of fugitive particulate emission

factors rec

ommended for use in estimating emissions from mining activities.

To avoid confusion and maintain consistency, it is recommended that the EPA's
Compilation of Air Pollutant Emission Factors (AP-42) be used whenever

applicable.

Those Sections of AP-42 applicable to this compilation are

attached for easy reference. In some cases, we recommend additional factors
when one is needed and is not included in AP-42. -

When estimating emissions the factors for the specific material being mined
should be used. For instance, when processing a coal mine permit, use all
factors listed in the Western Surface Coal Mining Section. However, if no
emission factor for a certain activity is given in a specific material
section, you may refer to anothef. For example, when processing a stone
quarrying permit, to obtain a factor for vehicle traffic on unpaved roads you

will refer

to the Unpaved Roads sectionm.

The factors are grouped into nine major sections as follows:

L.

II.
III.

Iv.

Emission Factors applicable to all Mining Operations
Western Surface Coal Mining

Sand and Gravel Processing

Stone Quarrving and Processing

Metallic Minerals Processing (use for molybdenum and uranium
processing)

Unpaved Roads
Paved Roads

Aggregate Handling and Storage Tiles




IX.

Appendices

A. Particle Size Distributions
B. Control Efficiencies

c. Useful Weights and Measures
D. Meteorological Data

E. Additional Factors

Following some sections are additional factors, particle size
distributions and other data recommended for use by the APCD.

These factors should be used with the following provisos:

1.

4
The factors should be combined with a deposition function in the
model. For this reason, emissions should be estimated for a
minimum 'of three particle sizes, e.g. <30 um (or TSP), <15 or <10,
and <5 or <2.5. Of course, the more detailed the distribution, the
greater the model accuracy. ‘

The factors do not consider any reduction for pit retention.
Preliminary data indicate under certain stabilities we could
experience no pit retention; therefore, pit retention should not be
considered until further data is presented to the contrary. (1)

Days with rain (> .0l inches), snow cover and temperatures below

freezing (during the entire working day) should be considered when
calculating annual emissions.

Generally speaking, the factors were developed based on those
particles collected by the hi-vol sampler, which are considered to
be less than 30 microns in size.

Total annual emissions should be calculated for the estimated year
of greatest activity. Naturally some factors such as crushing )
should be used in combination with total annual work days; and some
factors such as wind erosion should be applied 365 days/year.

Data from AP-42 unless otherwise indicated. Other references
indicated with parentheses, ( ), following the factor.




- SECTION 1

EMISSTON FACTORS APILICABLE TO ALL MINING OPERATIONS

Activity Material TSP ( <30 um) “15 um <2.5 um Untts Varlables/Comments

Topsoil Handling

a. Removal by scraper Topeoll 0.058 0.08 @ 0.0103 @ Ih/T
b. Hauling by -scraper Al 2.7%1073(r)1+I(w)2-4 6.2%10°6(a)t-4(w)2.5 0.026 X TSP 1h/VNT s=S11t=7.2-25.22 (16.4 mean)
“ W=Weight=36-70 tons (53.8 mran)
c. Unloading by scraper  Toprotl 0.04 n.026 @ 0.007 D 1h/T
d. Storage All expnsed 0.3R ().2")® 0.068 ® T/(acre)(yr)
Areas
Dritling Overburden
o or 1.3 0.56 @ 0.0325@ 1b/hole
] Ore
Coal 0.22 0.095D 0.0055@  1b/hote
Rock 0.26 (2) 0.]1@ 0.0065 @ 1b/hole OR 0.0013 Lh/ton quarried (3)
Rlasting Al 961(A) 0.8 2550(A) 0.6 (0.03)(TSP) 1b/blast A=Area=1,000-100,000 ft.?
0y I-8(/) 1-9 ) I> (m Z-3 (19,000 mecan)
. D=Depth=20-135 (¢t (25.9 mean)
M=Moisture=7.2-38% (17.2 mean)
- verburden Removal Use applicahle factora in cnal Mlning Section for elither dragline, bulldozer or scraper.

7

l)‘ Usedd hatch load out particle size distribution (Sce Section VIIL)
2" Yged averape conl mine particle afze distribution (See Appendix A)




SECTION II

8.246 WESTERN SURFACE COAL MINING

8.24.1 Generall

There are 12 major coal fields in the western states (excluding the
Pacific Coast and Alaskan fields), as shown in Figure 8.24-1. Together,
they account for more than 64 percent of the surface minable coal reserves

E N E . fi.!li ‘-I!
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in the United States.? The 12 coal .fields have varying characteristics
which may influence fugitive dust emissioun rates from mining operations,
including overburden and coal seam thicknesses and structure, mining equip-
ment, operating procedures, terrain, vegetation, precipitation and surface
moisture, wind speeds and temperatures. The operations at a typical west-
ern surface miue are shown in Figure 8.24-2. All operations that iavelve
movement of soil, coal, or equipment, or exposure of erodible surfaces,
generate some amount of fugitive dust. '

The initial operation is removal of topsoil and subsoil with large
scrapers. The topsoil is carried by the scrapers to cover a previously
mined and regraded area as part of the reclamation process or is placed in
temporary stockpiles. The exposed overburden, the earth which is between
the topsoil and the coal seam, is leveled, drilled and blasted. Then the
overburden material is removed down to the coal seam, usually by a dragline
or a shovel and truck operation. It is placed in the adjacent mined cut,
forming a spoils pile. The uncovered coal seam is then drilled and
blasted. A shovel or front end loader loads the broken coal into haul
trucks, and it is taken out of the pit along graded haul roads to the tip-
ple, or truck dump. Raw coal sometimes may be dumped onto a temporary
storage pile and later rehandled by a front end loader or bulldozer.

At the tipple, the coal is dumped into a hopper that feeds the primary
crusher, then is conveyed through additional coal preparation equipment
such as secondary crushers and screens to the storage area. If the mine
has open storage piles, the crushed coal passes through a coal stacker onto
the pile. The piles, usually worked by bulldozers, are subject to wind
erosion. From the storage area, the coal is conveyed to a train loading
facility and is put into rail cars. At 2 captive mine, coal will go from
the storage pile to the power plant.

During mine reclamation, which proceeds continuously throughout the
life of the mine, overburden spoils piles are smoothed and contoured by
bulldozers. Topsoil is placed on the graded spoils, and the land is pre-
pared for revegetation by furrowing, mulching, etc. From the time an area
i1s disturbed until the new vegetation emerges, all disturbed areas are sub-
ject to wind erosion.

8.24.2 Emissions

Predictive emission factor equations for open dust sources at western
surface coal mines are presented in Tables 8.25-1 and 8.24-2. Each equa-
tion is for a single dust generating activity, such as vehicle traffic on
unpaved roads. The predictive equation explains much of the observed vari-
ance in emission factors by relating emissions to three sets of source pa-
rameters: 1) measures of source activity or znergyv expended (e.g., -speed
and weight of a vehicle traveling on an unpaved road); 2) properties of the
material being disturbed (e.g., suspendable fines 1n the surface material
of an unpaved road); and 3) climate (in this czse, mean wind speed).

The equations may be used to estimate pariiculate emissions generated
per unit of source extent (e.g., vehicle distince.traveled or mass of mate-
rial transferred).

8.24-2 EMISSION Fn\,..&m 5/.33
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TABLE 8.24-1. EMISSION FACTOR EQUATIONS FOR UNCONTROLLED OPEN DUST SOURCES AT
WESTERN SURFACE COAL MINES (METRIC UNITS)®

b, Eaission
Operation Meterisl —__. Enlssions by particle alze range (serodynsaic diameter) —_ Units Factor
. YISP (¢ ~ 30 pw) <15 pm <25 |-IYSP Ro{lng
(A s (a)°*
Blasting Cosl or —l—T—§ 33 f.}- 0.0)0 hg/blast L]
overburden D n) (v) m
0.0596
Teuck loading Cos) _L%O_g “=55 0.019 hg/itg )
" (L)]
1.2 1.3
Pl bdozing oot !2:9-{!}.._ !:ii-i!l.._ 0.022 sg/hr »
m" n)
, 1.2 : s
Ovethurden 2.6 (0) 043 (.{ 0.105 hp/hr ’
N (n)
1.1
Deagline Ovesburden 9;92596!61——- LE 002961g 0.017 ag/wd L}
)y )
Sceapers 9.6 x 1078 (o)t} ¥t 222108 ()t w23 0.026 e/ VET A
(teavel noie)
Grading 0.003 (9)%-3 0.0036 (5)20 - 0.03 be/VXT »
Vehicle tralfic -1:213 -1:§23 0.040 Ag/VKT '
(light/oedium duty) ’ (G )
Mool trucks , 0.0019 (v)¥* (1)%-? 0.001% (v)?-3 0.017 Kg/VKT 2
.
Active storage pile Cosl 1.8y NA NA (EE??EEFT(EFI ¢
{wind ervsion and ’
maintenance)

All equations are (son Refereace ), except for coal storage plle equation from Relerence 4. TSP = total suspended particulate. WMT =
, vrhicle siles traveled. VKT = vehicle bilometers tesveled. BA = not avetlsble.

TSP denotes what [» neasured by o otandard high volume wempler (see Sectfon 11.2).

Symhols [nr equstions:

= sres blaated (a?) 4 = drop helght ()
H = materis) moisture content (Y) ¥ = mcon vehicle veight (Hg)
D = hole depth (m) S = mesn vehicle speed (hph)
s = saterial oilt content (Y) v = mean number of vheels
4 = wind speed (m/sec) L = road surfsce siit loading (g/a?)

Hulllply the TSP pcedictive equation by this fraction to determine emisslons In the < 2.5 pm sire cangr.
“ Rating applicable to Hine Types I, I ond IV (sce Tables 8.24-5 ond 8.24-6).




TABLE 8.24-2. EMISSION FACTOR EQUATIONS FOR UNCONTROLLED OPEN DUST SOURCES AT
WESTERN SURFACE COAL MINES (ENCLISH UNITS)®

£8/¢

b tasi
Operation Hatertsl Enisafons by pacrticle size range (serodynsmic disweter) o€ " Unite t:‘::;:"
ISP (< ~ 30 im) <1y im < 2.3 pm/ISP Rating
: 0.8 0.6
Blasting Coal or ——?? A i -—2‘%5—2-‘(5)’—5 ’ 0.030 1b/blast 8
. overburden () =~ (0" (U IR ) e
Truck losding Coal 18 224 0.019 w/r ' »
m' o
18.4 (n'? 1.6 (5)'3 '
s Dulldozting Cosl s 1 . —"—‘ 0.022 1%/he | ]
N. N -
b ) M)
“ 1.2 1.8 .
) . . .
o Overbucden ’—"—‘;15_ L0 (s 0.108 1b/he »
i : m' m
A N 0.0021 (8)""! ' ' 0.0021 (8)°!
1 o Dregline Overburden ——(31 — === e.017 1b/yd? ]
e m® w3
(2] - -
ot Sceapers 21510 (3 0t 6.2 108 ("4 (w23 0.026 1o/t A
L (travel made)
o Grading 0.0t0 ()23 0.051 (8)%0 0.04 15/ ’
e Vehiele traffic .00 .12 0.040 1/t )
il (11ght/medive duty) m*° '
2 1.4, .02 1.5
< Raul trucke 0.0067 (w)" " (L) 0.005% (v) 0.01? 16/VMT A
Active storege pile Cool 1.6u KA LL) m‘—:}“;, c*

(vind eroslon and
- ssintensnce)

All equations are froms Refereare 1, excepl for cosl storsge pile equation frem Reference &. TSP = total euspended particulate. VMT =

b vebicle miles traveled. VET = vehicle hilometers traveled. MA 3 not availeble. . .
TSP denotes vhat Is mrasured by o standard high voluse ssepler (see Sectien 11.2). L - t

Symhols for equatinne:

weterial otlt conteat (1) sean nusher of vheels

n = vind epeed (w/oer) rosd surfece wilt loading (g/=?)
Multiply the TSP predictive equatfon by this (raction to deternine emiasions in the < 2.3 ym aize csnge.
(B Rating sppliceble to Hiar Types [, 11 and IV (see Tables 8.24-5 and 8.24-6).

A = ares blsated (1t?) drop helght (ft) '
H 3 msteriel molcture conteat () . eesn vehicla velght (tons)
D = hole depth (1) mesn vehicle speed (aph)

[ - N -
[T I ]
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The equations were developed through field sampling various western® surface
mine tvpes and are thus applicable to any of the surface coal mines located
in the western United States.

In Tables 8.24-1 and 8.24-2, the assigned quality ratings apply within
the ranges of source conditions that were tested in developing the equa-
tions, given in Table 8.24-3. However, the equations are derated one 1et-
ter value (e.g., A to B) if applied to eastern surface coal mines.

TABLE 8.24-3. TYPICAL VALUES FOR CORRECTION FACTORS APPLIC%BLE TO THE
PREDICTIVE EMISSION FACTOR EQUATIONS

Correction Number Geometric
Source factor of test lange : mean Units
) samples
Blasting Moisture 5 7. - 38 17.2 %
Depth 18 - 41 7.9 m
N : 2 =135 25.9 ft
Area 18 9 - 9,000 1,800 m?2
1,0 : = 100,000 19,000 ft2
Coal loading Moisture 7 6.5 - 38 17.8 %
Bulldozers
Coal Moisture 3 4.0 - 22.0 10.4 %
Silt 3 6.0 - 11.3 8.6 %
Overburden Moisture 8 2.2 - 16.8 7.9 %
' Silt R - 3.8 - 15.! 6.9 %
Dragliine Drop distance 19 1.5 - 30 8.6 m
- 5 - 100 - 28.1 ft
Moisture 7 0.2 - 16.3 3.2 %
Scraper Silt 10 7.2 - 25.2 16.4 %
Weight 15 33 - 64 48.8 Mg
36 - 70 53.8 tons
Grader , Speed 7 8.0 - 19.0 11.4  kph
' 5.0 - 11.8 7.1  mph
Light/medium .
duty vehicles Moisture 7 0.9 - 1.7 1.2 %
Haul truck Wheels 29 6.1 - 10.0 8.1 number
Silt lcading 26 3.8 - 254 40.8 g/m?
34 - 2,270 364 lb/acre

a . .
FKeracence 1.

In using the equations to estimate emissions from sources in a spe-
cific western surface coal mine, it is necessary that reliable values for
correction parameters be determined for the specific sources of interest,
:f the 2ssigned quality ratings of the equations are to apply. For exam-
te, actual silt content- of coal or overburden measured at a facility

-0.
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should be used instead of estimated values. In the event that site spe-

-cific values for correction parameters cannot be obtained, the appropriate

geometric mean values from Table 8.24-3 may be used, but the assigned qual-
ity rating of each emission factor equation is reduced by one level (e.g.,
A to B). )

. Emission factors for open dust sources not covered in Table 8.24-3 are
in Table 8.24-4. These factors were determined through source testing at
various western coal mines.

The factors in Table 8.24-4 for mine locations I through V were devel-
oped for specific geographical areas. Tables 8.24-5 and 8.24-6 present
characteristics of each of these mines (areas). A "mine specific" emission-
factor should be used oanly if the characteristics of the mine for which an
emissions estimate is needed are very similar to those of the mine for
which the emission factor was developed. The other (nomspecific) emission
factors were developed at a variety of mine types and thus are applicable
to any western surface coal mine.

As an alternative to the single valued emission factors given in Table
8.24-4 for train or truck loading and ior truck or scraper unloading, two
empirically derived emission factor eqiations are presented in Section
11.2.3 of this document. Each equatioi was developed for a source opera-
tion (i.e., batch drop and continuous dJdrop, respectively), comprising a
single dust gemerating mechanism which crosses industry lines.

Because the predictive equaticns allow emission factor adjustment to
specific source conditions, the equations should be used in place c¢cf the
factors in Table 8.24-4 for the sources identified above, if emission esti-
mates for a specific western surface coal mine are needed. However, the
generally higher quality ratings assigned to the equaticns are applicable
only if 1) reliable values of correction parameters have been determined
for the specific sources of interest and 2) the correction parameter values
lie within the ranges tested in developing the equatioms. Table 8.24-3
lists measured properties of aggregate materials which can be used to esti-
mate correction parameter values for the predictive emission factor equa-
tions in Chapter 11, in the event that site specific values are nct avail-
able. Use of mean correction parameter values from Table 8.24:3 reduces
the quality ratings of the emission factor equaticns in Chapter 11 by one
level.

1y Mineral Froducis Industrw Cl=T
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8.24-8

TABLE 8.24-4. UNCONTROLLED PARTICULATE EMISSION FACTORS
OPEN DUST SOURCES AT WESTERN SURFACE COAL MINES

.. ’~ -,

TSP

.

em188100 Eaissico
Source Materaial Nape b Usats Fsctor
location factor Rating
Drilling Overburdes Any 1.3 1b/bele ]
' 0.%9 kg/bole 3
Coal v 0.22 1b/bole E
0.10 kg/hoie £
Topsoil removal by Topsoil Any 0.058 1b/T | 4
scraper 0.029 kg/ng £
v 0.4 15/T D
0.22 kg/tg b
Overburden Overburdes Any 0.012 /T c
replacessst 0.0060 xg/lig 4
Truck loading by Overburden v 0.037 /T ¢
pover shovel 0.018 kg/ng 4
(batch drop)
Tesin loading (bated R Coal Aoy 0.028 /T D
or coptinuous drop) 0.034 kg/hg D
| 112 0.0002 /T D
; 0.0001 xg/ig b
Bottos dump truck Overburden v 0.002 /7 E
unloading ¢ 0.001 xg/T E
(batch drop)
Coal 1v 0.027 /T E
0.014 kg/ng 3
111 0.00% /T E
0.002 kg/Mg E
11 0.020 /T )3
0.010 kg/Mg £
1 0.034 1b/T D
0.0070 kg/ng D
Any 0.066 1b/T D
0.035 kg/tg D
End dump truck Coal v 0.007 /7T } 1
unloading c 0.004 kg/Ng E
(batch drop)
Scraper unlosdjng Topsoil v 0.04 1b/T ¢
(bated drop) 0.02 kg/hg ¢
. T
Vind erosion of Seeded land, Any 0.38 Gerel Gt [«
exposed asreas stripped over- l“;e yr)
burden, graded 0.85 [+

overburden

ectare) (yr)

Romsn gumerals | chrough V refer to specific mipe locations for vhich the

corresponding emission factors were developed (Reference &). Tables 8.24¢
apd 8.24-5 present characteristics of esch of these mines. See text for

correct use of thbese "mine specific” emission factors.
(frow Referesce 5 except for overburden drilling from Reference 1) can be

b spplied to any wvestern surface coal

mgae.

Tbe other factors

Total suspended particulate (TSP) denotes what is messured by s standard high

voluse sampler (see Secrion 11.2).

estimstes of emissions, are presented 1o Chapter )1,

ZIMISSION FACTORS-

Predictive emission factor equations, wbich generally provade more sccurate

—— -
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v TABLE 8.24-5.
o
o e e e L
Type of
Mine Location coal

mined

- . (!!!I S Nm R R B e

GENERAL CHARACTERISTICS OF SURFACE COAL MINES REFERRED TO

IN TABLE 8.24-4

Surface soil

(102)

16

type and Mean wind Mean anaual
Terrain Vegetative crodibility speed precipitation
cover index m/s aiph cm in,
tloderately Hoderate, Clayey, 2.3 5.1 38 15
steep sagebrush loamy (71) V
Semicugged Sparse, Arid soil with 6.0 13.4 36 14
sapehrush clay and
alkali or
carbonate
accumnlation
(86)
Gently roll-  Sparse, Shallow clay 4.8 10.7 28 - 41 11 -
ing to moderate, loamy deposits
semirugged prairie on bedrock
griassland (47)
Gently roll-  Hoderate, Loamy, loamy 5.0 11.2 4] 17
ing prairie to samly
grasslond ()
Flat to Sparse, l.oany, sandy, 6.0 13.4 36 14
gently sagebrush clayey, and
rolling .clay loamy

*
.

l H.W. Subbieum.
~ ) Colorado
gi
O K 5.4, Sublitum.
o Vyoming
v
] 1
1 .
L
(%]
.. I D Subbitum.
}:. HHonlana
b
.j}
v Central Lignite
" North Dakota
_ v N.E. Subbitum.
Hyoming
o 5L D
> Reference 4.
L\
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TABLE B.24-6.

REFERRED TO IN TABLE 8.24-42

OPERATING CHARACTERISTICS OF THE COAL MINES

—_ BHiee -
Parsacter Required {nformstion Unite T -H-— 11 1w v
Production rate  Cosl mined 10° T/ye 13 5.0 9.5 1.8 12.0"
Cosl transport Avg. unit trafo frequency per day NA nA 2__ NA 2
Stratfgraphic Overburden thickness ft 21 80 90 65 k }
data Overburden deosfty 1b/yd? 4000 3705 3000 - -
Cos! sesa thicknesaes n %,3 15,9 27 2,40 10
Farting thicknesser [{3 S50 15 NA 32,16 NA
Spolle bulklog fector b4 22 24 25 20 -
Active pit depth ft 52 100 114 80 105
Cos) snalysis Holsture } 3 10 18 26 3 30
date Ash - %, vet ] 10 ¢ 7 é
- Sulfur %, wvet_ 0.46 0.59 0.7% 0.65 0.48
Hest content Btu/lb 11000 9632— 8628 8500 8020
Surface Totsl disturbed lond scre 168 1030 2112 1975 21
disposition Active pit scre 34 202 87 - 1
Spoils scre s7 326 14é - 100
Reclafomed scre 100 221 950 - 100
Barrea lsnd acre - 30 455 - -
Associsted distorbances scre 12 186 476 - &6
Storege Capacity ton HA— NA - L1} 48000
Binsting Frequency, cos} per veek & _4& 3 7 7:
Frequency, overburden per veek ) 0.5 ) NA -7
Area hlasted, cos! fe? 16000 40000 - 30000 -
Aves blasted, overburden fe? 20000 - - NA -

Reference &.
Estimate.

NA = not applicable.

Dseh = not svailable.

-

-
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SECTION II

WESTERN SURFACE COAL MINING

Emissions in 1bs/T - assumes moisture content of 4% or greater (See Section V)

Activity <30 um <15 um & <10 um @ <5 um W <2.5 um @
|
Primary Crushing .02 (4) .0086 .0056 .002 . 0005
' !
Secondary Crushing .06 .(4) .0258 .0168 .006 .0015
Teritiary Crushing .18 (5) .0774 . 0504 .018 .0045
|
Screening .10 (4) .043 .028 .010 .0025 '

)

€

Used "overall™ particle size distribution for coal mining operation (See
Lppendix A)
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SECTION II1X R

8.19.1 SAND AND GRAVEL PROCESSING

8.19.1.1 Process Descriptionlu2

Deposits of sand and gravel, the consolidated granular materials re-
sulting from the natural disintegration of rock or stone, are generally
found in banks and pits and in subterranean and subaqueous beds. Sand and
gravel are products of the weathering of rocks and are mostly silica.
Often, varied amounts of iron oxides, mica, feldspar and other minerals are
present. Deposits are common throughout the country.

Depending upon the location of the deposit, the materials are exca-
vated with power shovels, draglines, cableways, suction dredge pumps or
other apparatus. Lightcharge blasting may occasionally be necessary to
loosen the deposit. The materials are transported to the processing plant
by suction pump, earth mover, barge, truck or other means. The processing
of sand and gravel for a specific market involves the use of different com-
binations of washers, screens and classifiers to segregate particle sizes;
crushers to reduce oversize material; and storage and loading facilities.

8.19.1.2 Emissions and Controls1

Dust emissions occur during conveying, screening, crushing and storing
operations. Generally, these materials are wet or moist when handled, and
process emissions are often negligible. (If processing is dry, expected
emissions could be similar to those shown in Section 8.19.2, Crushed
Stone.) Considerable emissions may occur from vehicles hauling materials
to and from a site. Open dust source emission factors for such sand and
gravel processing operations have been determined through source testing at
various sand and gravel plants and, in some instances, through additional
extrapolations, and are presented in Table 8.19.1-1. '

As an alternative to the single valued emission factors given in Table
8.19.1-1, empirically derived emission factor equations are presented in
Chapter 11 of this document. Each equation was developed for a single
source operation or dust generating mechanism which crosses industry lines,
such as vehicular traffic on unpaved roads. The predictive equation ex-
plains much of the observed variance in measured emission factors by relat-
ing emissions to different source parameters. These parameters may be
grouped as 1) measures of source activity or expended energy (e.g., the
speed and weight of a vehicle traveling on an unpaved road); 2) propertxes
of the material being disturbed (e.g., the content of suspendable fines in
the surface material on an unpaved road); and 3) climate (e.g., oumber of
precipitation free days per year, when emissions tend to a maximum).

Because predictive equations allow for emission factor adjustment to
specific conditions, they should be used instead of the factors given in
Table 8.19.1-1 whenever emission estimates are needed for sources in a spe-
cific sand and gravel processing ftacility. However, the generally higher
guality ratings assigned to the equations are applicable only if 1) reli-

, ‘able values of correction parameters have peen determined for the specific

5/83 Mineral Products Industry 5:19.1-1
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TABLE 8.19.1-1, UNCONTROLLED PARTICULATE EMISSION FACTORS FOR OPEN DUST SOURCES
AT SAND AND GRAVEL PROCBSSING PLANTS®

Enisslons by psrticle size range (serodynamic dlnleler)b

Esiseion

Uncontrolled dry Total 18P < 10 pm Units Factor

operation , . perticulete < ~30 po ) Rating
Continuous drop® -

Transfer station 0.014 (0.029) / RA NA 4 kg/Mg (1b/ton) t

Pile formstion - stacker NA 0.063 (0.13) 0.03 (0.06) kg/ng (1b/ton) €
Batch dropc e .

Bulk loading 0.12 (0.2¢0) 0.028 (0.056) 0.0012 (0.0024) kg/Hg (1b/ton) E
Active storage pllen""h 4 i

Active day NA 148 (13.2) 1.1 (6.3)d kg/hectare/day (lb/acre/day) D

Inactive day (vind erosion only) NA 3.9 {3.5) 1.9 (1.7)d kg/hecteare/dsy (Ib/scre/day) ]

Normal mix of active snd foactive ds KA 1.6 (10.4) 5.6 (5.0) kg/hectare/dey (1b/acre/day) D
Vehicle traffic on unpaved road® . e

leavy duty vehlicle 4.7  (52.0) 9.31 (33.0)¢ " 0.8 (3.1) kg/VKT (1b/VHT) C

o

- - On

-

NA = not avallable. TSP = total suspended particulate. VKT = vehicle kilometers traveled. WVHT = vehicle miles traveled. Predictive
emjsslon factor equations, which generally provide more sccurate estimstes of emisslons, are presented in Chapter I1.

Total particulete is sitboroe particles of all sizes in the source pluse. TSP is whet s messured by « standard high volume ssnpler

(see Section 11.2).

Reference 3. )

Extrapolstion of dats using k factors for sppropriste operstico from Chapter 11,

For physicsl, not serodynsmic, diameter.

Reference &. .

lacludes the folloving distinct source operstions fa the storage cycle: 1) losding of sggregate onto storsge piles (batch or continuous. !
drop operations), 2) equipment traffic in storage arcas, 3) vind erosfon of pile sucfaces and ground sreas smong piles, end &) loadout
of sggregate for shipment or for return to the process stresn (batch or continuous drop operstions). '

8 to 12 hours of activity per 24 hours.

Pounds/scre of storage {focludes srcas emong piles)/day.

Assunes 8 5 day work week. . ot

oo~
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sources of interest and 2) the correction parameter values lie within the
ranges tested in developing the equations. Chapter 11 lists measured prop-
erties- of aggregate materials used in industries relating to the sand and
gravel industry, which can be used to approximate correction parameter val-
ues for the predictive emission factor equations, in the event that site
specific values ace not available. Use of mean correction parameter values
from Chapter 11 reduces the quality ratings of _the emission factor equa-
tions by at least one level. M

N e aw

Since emissions from sand and gravel operations are usually in the
form of fugitive dust, control techniques applicable to fugitive dust
sources are appropriate. Control techniques most successfully used! for
haul roads are application of dust suppressants, paving, route modifica-
tions, soil stabilization, etc.; for conveyors, covering and wet dust sup-
pression; for storage piles, wet dust suppression, windbreaks, enclosure
and soil stabilizers; and for conveyor and batch transfer points (loading,
unloading, etc.), wet suppression and various methods to reduce freefall
distances (e.g., telescopic chutes, stone ladders and hinged boom stacker
coaveyors).

Wet suppression techniques include application of water, chemicals or
foam, usually at conveyor feed and discharge points. Such spray systems at
transfer points and on materlal handling operations are estimated to reduce
emissions 70 to 95 percent.> Spray systems can also reduce loading and
wind erosion emissions from storage piles of various materials 80 to 90
percent.® Control efficiencies depend upon local climatic conditions,

a source properties and duration of control effectiveness. Table 11.2.1-2
contains estimates of control efficiency for various emission suppressant
methods for haul roads.

- M N ae W W W
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SECTION III

SAND AND GRAVEL. PROCESSING

For purposes of estimating emissions we have expanded Table 8.19.1-1 as follows:

N Total
A
Uncontrolled Dry Operation TSP £<30 um) <15 um <10 um <5 um <2.5 um  Part.
Continuous drop Q@
Transfer station (1b/T) 0.0223 0.0142 D0.0107 0.0061 0.0032 0.029
Stacker (1b/T) 0.13 0.083 0.06 0.0355 0.0186 0.169
Batch Drop @ (1b/T) 0.056 0.02 0.0024 0.0015 0.0009 0.24
Storage Pile @
Active (1b/acre/day) 13.2 8.7 6.3 4.2 2.4 18.0
Inactive (lb/acre/day) 3.5 2.3 1.7 1.1 0.6 4.8
Mix (1b/acre/day) 10.4 6.8 5.0 3.3 1.9 14.2
Haul Trucks @ (1b/VMT) 33.0 13.3 3.1 1.9 1.1 52.0
Crushing, screening & .
handling @ Neg. Neg. Neg. Neg. Neg. Neg.
Light Duty Vehicles See Unpaved Roads Section VI.
@ Calculated using same multipliers or proportions as found in table 11.2.3-2 in
Section VIII on Aggregate Handling and Storage Piles.
@ Assume particle size distribution similar to batch drop (Section VIII) since
entrainment due mostly to wind and not a mechanical activity.
Q Use particle size multipliers from Section VI Unpaved Roads. In this case will have

to use proportions since given 10 um value does not conform to given multiplier.
| |
® Negligible. Material is usually moist. However, until we receive a Section 8.19.2
from EPA for purposes of dry processing, or when estimating emissions from
processing only, use the values given for stone quarrying and apply moisture
corrections.
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SECTION IV

8.20 STONE QUARRYING AND PROCESSING

8.20.1 Process Description!

Rock and crushed stone products are loosened by drilling and blasting them from their deposit beds and are

“removed with the use of heavy earth-moving equipment. This mining of rock is done primarily in open pits. The

use ‘of pneumatic drilling and cutting, as well as blasting and uansfernng, causes considerable dust formation.
Further processing includes crushing, regrinding, and removal of fines.> Dust emissions can occur from all of
these operations, as well as from quarrying, transferring, loading, and storage operations. Drying operations, when
used, can also be a source of dust emissions.

8.20.2 Emissions!

As enumerated above, dust emissions occur from many operations in stone quarrying and processing. Although
a big portion of these emissions is heavy particles that settle out within the plant, an attempt has been made to
estimate the suspended particulates. These emission factors are shown in Table 8.20-1. Factors affecting emissions
include the amount of rock processed; the method of transfer of the rock; the moisture content of the raw
material; the degree of enclosure of the transferring, processing, and storage areas; and the degree to which
control equipment is used on the processes.

Table 8.20-1. PARTICULATE EMISSION FKCTORS FOR ROCK-HANDLING PROCESSES
EMISSION FACTOR RATING: C

ad e Sy Mn
i ]

Uncontrolled Settled out Suspended
total® in plant, emission
Type of process Ib/ton kg/MT % Ib/ton kg/MT
Dry crushing operations® € K
Primary crushing 0.8 0.25 80 0.1 0.05
Secondary crushing and screening 1.5 0.75 60 . 0.6 0.3
Tertiary crushing and 6 3 40 3.6 1.8
screening {if used)
Recrushing and screening 5 25 50 2.5 1.25
Fines mill 6 3 25 45 2.25
Miscellaneous operations®
Screening, conveying, 2 1
and handling®
Storage pile losses!

3Typical collection elficiencies: cyclone, 70 1o 85 pereent: fabric filter, 99 percent.

bar values are based On raw material entering primary crusher, except those for recrushing and screening, which are based on
throughput for that operatign.

CReference 3.

dBased on units of stored product.

€Reference 4.

! See section 11.2.3.

" 12/75 Mineral Products Industry 8.20-1
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SECTION IV

STONE QUARRYING AND PROCESSING

Emissions in 1bs/T - assumes a moisture content of less than 4% (See Section V)

Activity <3Q ‘ <15um® <10 um @ <5 um @ <2.5 un @
Primary Crushing 0.1 (1) 0.043 0.028 0.01 0.0025
Secondary Crushing 0.6 (1) 0.258 0.168 0.06 0.015
Tertiary Crushing 3.6 (1) 1.548 1.008 0.36 0.09
Recrush & Screening 2.5 (1) 1.075 0.7 0.25 0.0625
Fines Mill 4.5 (1) 1.935 1.26 0.45 0.1125
Screeging 0.2 (6) 0.086 0.056 0.02 0.005

Corrections @ for high moisture, e.g., > 4%

Activity Correction

Primary Crush . Factor X .04

Secondary Factor X .02

All other process Factor X .15

Q@ Used particle size distribution provided in Metallic Minerals Processin:
Section V for TSP and <10 um and extrapolated to get remaining sizes b

s
using the average of the coal mining size distributions {Appendix &)
reason for this was that the relationship of the TSP to <10 um for low
moisture ore was closer than that for the other activities.

‘

Q Derived from values given in Section V.
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SECTLUN V

8.23 METALLIC MINERALS PROCESSING
8§.23.1 Process Descriptionl‘G

Metallic mineral processing tvpically involves the mining of ore,
either from open pit or underground mines; the crushing and grinding of ore;
the separation of valuable minerals from matrix rock through various concen-
tration steps; and at some operations, the drying, calcining or pelletizing
of concentrates to ease further handling and refining. Figure 8.23-1 is a
general flow diagram for metallic mineral processing Very few metallic
mineral processing facilities will contain all of the operations depicted in
this Figure, but all facilities will use at least some of these operatiomns
in the process of separating valued minerals from the matrix rock.

The number of crushing steps necessary to reduce ore to the proper size

-will vary with the type of ore. Hard ores, including some copper, gold, iron

and molybdenum ores, may require as much as a tertiary crushing. Softer
ores, such as some uranium, bauxite and titanium/zirconium ores, require
little or no crushing. Final comminution of both hard and soft ores is often
accomplished by grinding operations u.ing media such as balls or rods of var-
ious materials. Grinding is most often performed with an ore/water slurry,
which reduces particulate emissions to negligible levels. When dry grinding
processes are used, particulate emissions can be considerable. .

After final size reduction, the beneficiation of the ore increases the
concentration of valuable minerals by separating them from the matrix rock.
A variety of physical and chemical prccesses is used tc concentrate the
mineral. Most often, physical or chemical separation is performed in an
aqueous environment which eliminates particulate emissions, although some
ferrous ‘and titaniferous minerals are separated by magnetic or elecirestatic
methods in a dry environment.

The concentrated mineral products may be dried to remove surface
moisture. Drying is most frequently done in natural gas fired roctary
dryers. Calcining or pelletizing of some products, such as aluminz or iren
concentrates, are also performed. EImissicns from calicining and 30;10:1:1ng
operations are not covered in this Section.

8.23.2 Process Emissions’-3
Particulate emissions result from metallic minercal plan: cperztions -

such as crushing and dry grinding of ore; drying of ccncentcates; storing
and reclaiming of ores and concentrates from storage bins; transfer o

1,

materials; and loading of final products for shipmenr, Tarziz_l:i:z ezicesion
factors are provided in Table 8.23-1 for various metzllic minerzl gracess
operations, including primary, secondary and tertiary crushing; 2o grindiag;
drying; and material handling and transfar. Fugitive emissicns are &lso
possible from roads and open stockpiles, factors for wiich are in Section
11.2.

[
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Storage Storage
Bin(s) Bin(s)
Ore Prom Mines
| Primary ﬁ Secondary ;//' Tertiary :
' " e — Grinders
Crushers Crushers Crushers
l
Product - Dryers Beneficiation
Loadout
Tailings

Tne emission factors in Table 8.23-1 are for the process operations as

a whole.

Figure 8.23-1.

A metallic mineral processing plant.

At most metaliic mineral processing plants, each process operation

will require several! types of equipment.

will include a hopper or ore dump, screen(s), crusher, surge bin, apron
feeder, and conveyor belt transfer points.

Emission factors are provided in Table 8.23-1 for =wo typeé of dry

A single crushing operation lilely

Emissions from these various
pieces of equipment are often ducted to a single control device. . The enis-
sion factors provided in Table 8.23-1 for primary, secondary and tertiary
crushing operations are for process units that are typical arrangements of
the above equipment.

grinding operaticns, those grinding operations that involve air conveving
and/or air classification of material and those that involve screening of

material without air conveying.

Grinding operations that involve air

conveying and air classification usually require dry cyclones for efficient

product recovery.
product recovery cyclones.

The

do not require cyclones.
because the high moisture content in these operations can reduce emissions
to negligible levels.

8,23-2

factors in Table 8.23-1 are for emissions after

Grinders in closed circuit with screens usually

Emission factors are not provided for wet grinders,

EMISSION FACTCRS
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The emission factors for dryers in Table 8.23-1 include transfer points
integral with the drying operation. A separate emission factor is provided
for dryers at titanium/zirconium plants that use dry cyclones for product
recovery and for emission control. Titanium/zirconium sand type ores do not
require crushing or grinding, and the ore is washed to remove humic and clay
material before concentration and drying operations.

At some metallic mineral processing plants, material is stored in
enclosed bins between process operations. The emission factors provided in
Table 8.23-1 for the handling and transfer of material should be applied to
the loading of material into storage bins and the transferring of material
from the bin. The emission factor will usually be applied twice to a storage
operation, once for the loading operation and once for the reclaiming oper-
ation. 1If material is storad at multiple points in the plant, the emission
factor should be|applied to each operation and should apply to the material
being stored at.each bin. The material handling and transfer factors do not
apply to small hoppers, surge bins or transfer points that are integral with
crushing, drying or grinding operations.

1

At some large metallic mineral processing plants, extensive material
transfer operations, with numerous conveyor belt transfer points, may be
required. The emission factors for material handling and transfer should be
applied to each transfer point that is not an integral part of another
process unit., These emission factors should be applied to each such conveyvor
transfer point and should) be based on the amount of material transferred
through that point.

The emission factors for materizl handling can also be applied to final
product loading for shipment. Again, these factors should be applied to
each transfer point, ore dump or other point where material is allowed to
fall freely.

Test data collected in the mineral processing industries indicate that
the moisture content of ore can have a significant effect on emissions from
several process operations. High moisture generally reduces the uncon-
trolled emission rates, and separate ecmission rates are provided for primary
crushers, secondary crushers, tertiarr crushers, and material handling and
transfer operations that process high wmoisture ore. Drying and dry grinding
operations are assumed to produce or to involve only low moisture material.

For most metallic minerals coverad in t
is defined as ore whose moisture centent, as
inlet or at the mine, is 4 weight percent cor
moiscure at the primary crusher is cresumed
subsequent operation for wnich high moisture
drying operation precedes the operaticn unde

5
as low moisture when a dryer prececes

tn
. when the ore moisture at the mine or primary ¢
" percent. .

Separate factors are provided fcr btauxi

his Section, high moisture ore
measured at the primary crusher
reater. Ore defined as high
ce high moisture ore at any
factors are preovided, unless a
Ore is defined
eration under consideration or
rusher is less than 4 weight

e handling operations, in that

some tvpes of bauxite with a moisture conient as high as 15 to 18 weight
percent can still produce relatively hizn emicsicns during material handling
. [ 4

8/82 Migaral Froducts Indusery
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TABLE 8.23-1. UNCONTROLLED PARTICULATE FMISSTION FACTORS FOR METALLIC MINERAL PROCESSES?

- b : b
lov moisture ore HBigh moisture ore
Process Enissionse Particulate emfuatons Emiesions Partichlate emissions Emiesnion
kg/Hg (1b/ton) < 10 1m kg/Mg (1b/ton) < 10 pm Factor
kg/Mg (1b/ton) kg/Mg (1b/ton) - Ratting
Crulhingc ) : '
Primary 0.2 (0.5) 0.02 (0.05) 0.01 (0.02) 0.004 (0.009) c
Secondary 0.6 (1.2) NA ) 0.03 (0.0S) 0.012 (0.02) D
Tertiary 1.4 (2.7) 0.08 (0.16) 0.03 (0.06) 0.001 (0.02) [ 4
Wet grinding Negligible - Regligtible -
Dry ;rlndlngd
Uith air couveying snd/or air
classification 14.4 (28.8) 13.0 (26.0) ’ '] d c
Hithout air conveying or sir
claseification 1.2 (2.48) 0.16 (0.31) 4 d D
Drylnge
All mincrals but titenfum/
zirconjum sands 9.8 (19.7) 5.9 (12.0) e e c
Titanium/zlrconiun with
cyclones 0.3 (0.5) NA e e C
Material handling and tranafcrf ‘
All minerale but bauxite 0.06 (0.12) 0.03 (0.06) 0.005 (0.01) 0.002 (0.006) : C
Bauxite/alunina 0.6 (1.1) NA RA NA C

References 9-12. Controlled particulste emiosion factors are discussed in Section 8.23.3. HA = not availsble.

Defined in Scction 8.23.2.

Besed on weight of materinl entering primary crusher.

Baced on welght of materisl entering grinder. Factors are the same for both high moisturs and lov moisture ores, because materisl is
usually dried before entering grinder.

Based on weight of material exiting dryer. Factors are the same for both high moisture and lov moisture ores. S$Ox emissions are fuel
dependent (see Chapter 1). HOx emisstfons depend on burner design, combuation temperaturs, etc. (see Chapter 1).

Based on veight of material tradeferred. Applles to each loading or unlosding operation and to each conveyor belt transfer point.
8pauxite with motsture content ns high es 15 ~ 18T can exhibit the emisajon characteristics of lov mofeture ore. Use lov moisture
factor for bauxite unless materisl exhibits nbvious sticky, nondusting characteristics.
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procedures. These emissions could be eliminated by adding sufficient mois-
ture to the ore, but bauxite then becomes so sticky that it is difficult to
handle. Thus, there is some advantage to keeping bauxite in a relatively
dusty state, and the low moisture emission factors given represent condi-
tions fairly typical of the industry.

Particulate matter size distribution data for some process operations
have been obtained for control device inlet streams. Since these inlet
streams contain particulate matter from several activities, a variability
has been anticipated in the calculated size specific emission factors for
particulates.

Emission factors for particulate maﬁter equal to or less than 10um
ae;odynamic diareter, from a limited number of tests performed to charac-
terize the processes, are presented in Table 8.23-1.

In some plants,|part1c¢late emissions féom multiple pleces of equipment
and operations are collected and ducted to a control device. Therefore,
examination of reference documents is recommended before application of the
factors to specific plants. ’

Emission factors for particuléte matter equal to or less than 10um from
high moisture primary crushing operations and material handling and transfer
cperations were based on test results usually in the 30 to 40 weight percent
range. However, high values were obtained for high moisture ore at both the
prinmary crushing and the material handling and transfer operatioms, and
these were included in the average values in the Table. A similarly wide
range occurrecd in the low moisture drying operatiom.

|

Several other factors are generally assumed to affect the level of
emissions from a particular process operation. These include ore character-
istics such as hardness, crystal and grain structure, and friability.
Equipment design characteristics, such as crusher type, could also affect’
the emissions level. At this time, data are not sufficient to quantify each
of these variatles. '

8.23.3 Coatrolied Emissions’~?

Ecissions frcc metallic mineral processing plants are usually controlled
with wet scrubbers or baghouses. For moderate to heavy urcontrolled emis-
gicn rates from *v;-:al dry ore operations, dryers and dry grinders, a wet
scrukber with trescsure drop of 1.5 to 2.5 kilopascals (6 to 10 inches of
water) will reduce ezissions by approximately 95 percent. With very low
uncontrolled emission rates typical of high moisture conditioms, the
percentage reduction will be lower (approximately 70 percent).

Over o wvicde range of inlet mass loadings, a well designed and main-
tained baghruse will reduce emissions to a relatively constant outlet !
concentraticn. Such baghouses tested in the mineral processing industry
consistently reduce enissions to less than 0.05 grams per dry smindard cubic
merar (0.02 grains per dry standard cutic footr), with an average concentra-
tion of 0.015 g/dszz (0.006 gr/dscf). Under conditions of moderace to high

uncontrolled emissicn rates of typical dry ore facilities, this level cf

£/352 ' Mineral ?roducts lnduscry 8.23-5
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controlled emissions represents greater than 99 percent removal of partic-~
ulate emissions. Because baghouses reduc. emissions to a relatively constant
outlet concentration, percentage emission reductions would be less for
baghouses on facilities wicth a low level of uncontrolled emissions.
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Corporation, to . T. Cuffe, U. S. Environmental Proteccion Agency,
Research Triangle Park, NC, March 5, 1982
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SECTION VI

11.2.1 UNPAVED ROADS
11.2.1.1 General

Dust plumes trailing behind vehicles traveling oan unpaved roads are a
familiar sight in rural areas of the United States. When a vehicle travels
an unpaved road, the force of the whee's on the road surface causes pul- "
verization of surface material. Partic es are lifted and dropped from the

rolling wheels, and the road surface ° exposed to strong air currents in
turbulent shear with the surface. T  turbulent wake behind the vehicle
continues to act on the road surface er thel vehicle has passed.

11.2.1.2 Emissions and Correction Pa: aieters
* !

The quantity of dust emissions i om a given segmentlbf unpaved road
varies linearly with the volume of t .ffic. IAlso, field'investigﬂtions
have shown that emissions depend on ¢ ‘rection parameters (average vehicle
speed, average vehicle weight, avera; number of wheels per vehicle, road
surface texture and road surface mois ure) that characterize the condition
of a particular road and the associat: i vehicle trgffic.l"

Dust emissions from unpaved roa ; have been found to vary in direct
proportion to the fraction of silt ( articles smaller |than 75 micrometers
in diameter) in the road surface mat:rial.! The silt fraction is deter-
mined by measuring the proportion of loose dry surface dust that passes a
200 mesh screen, using the ASTM-C-136 method. Tablle 11.2.1-1 summarizes
measured silt values for industrial and rural unpaved roads.

TABLE 11.2.1-1. TYPICAL SILT CONTENT VALUES OF SURFACE HAEERIALS ON
INDUSTRIAL AND RURAL UNPAVED ROADS

Industry Road use or No. of test Silt (%)
. surface material samples Range Mean

Iron and steel

—_

’

production Plant road 13 4.3 - 13 7.3
Taconite mining and
processing Haul road 12 3.7 -9.7 5.8
Service road . 8 2.4 - 7.1 4.3
Western surface coal
mining ~ Access road 2 4.9 - 5.3 5.1
Haul road 21 2.8 - 18 8.4
Scraper road 10 7.2 = 25 17
Haul road 5 18 - 29 24
(freshly graded) :
Rural roads Gravel 2 12 - 13 12
Dirt 1 68
References 1-9. *
- ran Miscellaneous Sources 11.2.1-1
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The silt content of a rural dirt road will vary -with™lotatiag; and it
should be measured. As a conservative approximation, the silt content of
the parent soil in the area can be used. However, tests show that road
silt content.is normally lower than the surrounding parent soil, because
the fines are continually removed by the vehicle traffic, leaving a higher
percentage of coarse particles.

Unpaved roads have a hard nonporous surface that usually dries quickly
after a rainfall. The temporary reduction in emissions because of precipi-
tation may be accounted for by neglecting emissions on "wet" days [more
than 0.254 mm (0.01 in.) of precipitation].

11.2.1.3 Predictive Emission Factor Equations
The following empirical expression may be used to estimate the quan-

tity of size specific particulate emissions from an unpaved road, per ve-
hicle unit of travel, with a rating of A:

0.7 0.5 - -
ekl (F) @) @) @) (D) v
, 0.7 0.5 -
E=k5.9 (B () (3) (%) 7 (322 v/wm
where: emission factor

particle size multiplier (dimensionless)

silt content of road surface material (%)

mean vehicle speed, km/hr (mph)

mean vehicle weight, Mg (toms)

mean number of wheels

number of days with at least 0.254 mm (0.01 in.) of pre-
‘cipitation per year

e TLw XM
nwau e

The particle size multiplier (k) in Equation 1 varies with aerodynamic par-

ticle size range as follows:

Aerodynamic Particié Size Multipler
for Equation 1

< 30 pm < 15 pm < 10 pm <5 pm < 2.5 pm

0.80 0.57 0.45 0.28 0.16
|
The number of wet days per year (p) for the geographical area of in-
terest should be determined from local climatic data. Figure 11.2.1-1
gives the pgeographical distribution of the mean annual number of wet days
per year in the United States.

Equation 1 retains the assigned quality rating if applied within the
ranges of source conditions that were tested in developing the equation, as
follows:

-
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Range of Source Conditions for Equation 1™ = - _ .~
Road
surface 4
silt Mean vehicle Mean vehicle Mean
conteant weight speed No. of
(%) Mg tons km/br - wmph wheels
4.3 - 20 2.7 - 142 3 - 157 21 - 64 13 -40 4 - 13

Also, to retain the quality rating of Equation 1 applied to a specific un-
paved road, it is necessary that reliable correction parameter values for
the specific road in question be determined. The field and laboratory pro-
cedures for determining road surface silt coantent are given in Reference 4.
In the event that site specific values for correction parameters camnot be
obtained, the appropriate mean values from Table 11.2.1-1 may be used, but
the quality rating of the equation is reduced to B.

Equation 1 was developed for calculation of annual average emissions,
and thus, is to be multiplied by anmnual source extent in vehicle distance
traveled (VDT). Annual average values for each of the correction param-
eters are to be substituted into the equation. Worst case emissions, cor-
responding to dry road conditions, may be calculated by setting p = 0 in
Equation 1 (which is equivalent to dropping the last term from the equa-
tion). A separate set of nonclimatic correction parameters and a higher
than normal VDT value may also be justified for the worst case averaging
period (usually 24 bhours). Similarly, to calculate emissions for a 91 day
season of the year using Equation 1, replace the term (365-p/365 with the
term (91-p)/91, and set p equal to the number of wet days in the 91 day pe-
riod. Also, use appropriate seasonal values for the nonclimatic correction
parameters and for VDT.

11.2.1.4 Control Methods

Common control techniques for unpaved roads are paving, surface treat-
ing with penetration chemicals, working soil stabilization chemicals into
the roadbed, watering, and traffic control regulations. Paving, as a cen-
trol technique, is often not economically practical. Surface chemical
treatment and watering can be accomplished with moderate to low costs, but
frequent retreatments are required. Traffic coatrols such as speed limits
and traffic volume restrictions provide moderate emission reductions but
may be difficult to enforce. Table 11.2.1-3 shows approximate control ef-
ficiencies achievable for each method. Watering, because of the frequency
of treatments required, .is generally not feasible for public reads zr2 is
effectively used only where water and watering equipment are avzilable ani
where roads are confined to a single site, such as a construction iscas::ic.

11.2.1-4 - ' EMISSION FACTORS
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TABLE 11.2.1-3. CONTROL METHODS FOR UNPAVED ROADS11
Approximate
control
Control method ' efficiency
(%)
Paving 85
Treating surface with penetrating
chemicals ' 50
Working soil stabilizing chemicals
into roadbed 50
Speed control
48 kph (30 mph) 25
32 kph (20 ‘mph) 50

24 kph (15 mph) 63

Based on the assumption that "uncontrolled" speed is
typically 64 kph (40 mph). Between 21 and 64 kph
(13 and 40 mph), emissions are linearly proportional
to vehicle speed (see Equation 1).

References for Section 11.2.1

C. Cowherd, et al., Development of Emission Factors for Fugitive Dust
Sources, EPA-450/3-74-037, U. S. Environmental Protection Agency,
Research Triangle Park, NC, June 1974.

R. J. Dyck and J. J. Stukel, "Fugitive Dust Emissions from Trucks on
Unpaved Roads™, Environmental Science and Technology, 10(10):1046-
1048, October 1976. .

R. 0. McCaldin and K. J. Heidel, "Particulate Emissibns from Vehicle
Travel over Unpaved Roads", Presented at the 71st Annual Meeting of
the Air Pollution Control Association, Houston, TX, June 1978.

C. Cowherd, Jr., ei al., Iron and Steel Plant Open Dust Source Fugi-
tive Emission Evaluation, EPA-600/2-79-103, U. S. Environmental Pro-
tection Agency, Research Triangle Park, NC, May 1979.

R. Bohn, et al., Fugitive Emissions from Integrated Iron and Steel
Plants, EPA-600/2-78-050, U. S. Environmental Protection Agency,
Research Triangle Park, NC, March 1978.

R. Bohn, Evaluation of Open Dust Sources in the Vicinity of Buf.ialo,
New York, U. S. Environmental Protection Agency, New York, NY, March
1979.
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C. Ctherd; Jr., and T. Cuscino, Jr., Fugitive.tmissions &vatuation,
Equitable Environmental Health, Inc., Elmhurst, IL, February 1977.

T. Cuscino, et al., Taconite Mining Fugitive Emissions Study,
Minnesota Pollution Control Agency, Roseville, MN, June 1979.

K. Axetell and C. Cowherd, Jr., Improved Emission Factors for Fugitive
Dust from Western Surface Coal Mining Sources, 2 Volumes, EPA Contract
No. 68-03-2924, PEDCo Environmental, Inc., Kansas City, MO,

July 1981.

Climatic Atlas of the United States, U. S. Department‘of Commerce,
Washington, DC, June 1968.

G. A. Jutze, et al., Investigation of Fugitive Dust Sources Emissions
and Control, EPA- A50/3 74-036a, U. S. Environmental Protection Agency,
Research Triangle Park, NC, June 1974.
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SECTION VII

11.2.6 INDUSTRIAL PAVED ROADS
11.2.6.1 General

Various field studies have indicated that dust emissions from indus-
trial paved roads are a major component of atmospheric particulate matter
in the vicinity of industrial operatioms. Industrial traffic dust has been
found to consist primarily of mineral matter, mostly tracked or deposited
onto the roadway by vehicle traffic itself when vehicles enter from an un-
paved area or travel on the shoulder of the road, or when material is
spilled onto the paved surface from haul truck traffic.

11.2.6.2 Emissions and Correction Parameters

The quantity of dust emissions from a given segment of paved road var-
ies linearly with the volume of traffic. In addition, field investigations
have shown that emissions depend on correction parameters (road surface
silt content, surface dust loading and average vehicle weight) of a par-
ticular road and associated vehicle traffic.!~2

Dust emissions from industrial paved roads have been found to vary in
direct proportion to the fraction of silt (particles < 75 pm in diameter)
in the road surface material.!”2 The silt fraction is determined by mea-
suring the proportion of loose dry surface dust that passes 'a 200 mesh
screen, using the ASTM-C-136 method. In addition, it has also been found
that emissions vary in direct proportion to the surface dust loading.!™2
The road surface dust loading is that loose material which can be collected
by vacuuming and broom sweeping the traveled portion of the paved road.
Table 11.2.6-1 summarizes measured silt and loading values for industrial
paved roads.

TABLE 11.2.6-1. TYPICAL SILT CONTENT AND LOADING VALUEg FOR
PAVED ROADS AT IRON AND STEEL PLANTS

Silt (%) Loading
Travel Range Mean
Industry lanes Range Mean kg/km 1b/mi kg/km 1lb/mi
Iron and
steel :
production 2 1.1 -13 . 5.9 18 - 4,800 65 - 17,000 760 2,700

References 1-3. Based on nine test samples.

5/33 : Miscellaneous Sources 11.2.6-1
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11.2.6.3 Predictive Emission Factor Equation -~

The quantity of particulate emissions generated by vehicle traffic on
dry industrial paved roads, per vehicle mile traveled, may be estimited,
with a rating of B or D (see below), using the following empirical expres-
sion:

=k(0.029)1 () () (345) () (ke/vKT) (1)
| 0.7
4 s L Wy
E = k(0.090)1 (E) (ﬁ) (1,000) (3) (1b/\T)
where: E = emiséion factor | | ' '
| k= partxcle size multiplier (dimensionless) (see below)
I= 1ndustr1al augmentation factor (dzmen51on1ess) (see below)
n = number of traffic lanmes
s = surface material silt content (%) l
L = surface dust loading, kg/km (lb/mile) (see below)
W's average vehicle weight, Mg (tons)

|

The particle size multlpler (k) above varies thh aerodynamic size range as
follows:
!

| Aerodynamic Particle Size Multiplier (k)
for Equation 1

!

< 30 pm < 15 pm < 10 um <5 Hm < 2.5 pm

|
0.86 0.64 0.51 0.32 0.17
To determine particulate emissions for a specific particle size range, use
the appropriate value of k shown above.

The industrial road augmentation factor (I) in the equation takes into
account higher emissions from industrial roads than from urban roads. I =

7.0 for an industrial roadway which traffic enters from unpaved areas. [ =

3.5 for an industrial roadway with unpaved shoulders. I = 1.0 for cases in
which traffic does not travel unpaved areas. A value of I between 1.0 and
7.0 should be used in the equation which best represents conditions for
paved roads at a certain industrial facility. '

The equation retains the quality rating of B if applied to vehicles
traveling entirely on paved surfaces (I = 1.0) and if applied within the
range of source conditions that were tested in developing the equation as
follows:
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SECTION VIII o -

11.2.3 AGGREGATE HANDLING AND STORAGE PILES
11.2.3.1 General

Inherent in operations that use minerals in aggregate form is the
maintenance of outdoor storage piles. Storage piles are usually left un-
covered, partially because of the need for frequent material transfer into
or out of storage.

Dust emissions occur at several points in the storage cycle, during
material loading onto the pile, during disturbances by strong wind cur-
rents, and during loadout from the pile. The movement of trucks and load-
ing equipment in the storage pile area is also a substantzal source of
dust.

|

11.2.3.2 Emissions and Correction Parameters ]

The quantity of dust emissions from aggregate storagé operations var-
ies with the volume of aggregate passing through the storage cycle. Also,
emissions depend on three correction parameters that characterize the con-
dition of a particular storage pile: age of the pile, moisture content and
proportion of-aggregate fines.

When freshly processed aggregate is loaded onto a storage pile, its
potential for dust emissions is at a maximum. Fines are easily disaggre-
gated and released to the atmosphere upon exposure to 2ir' currents from 2g-
gregate transfer itself or high winds. As the aggregate weathers, how-
ever, potential for dust emissions is greatly reduced. Moisture causes ag-
gregation and cementation of fines to the surfaces of larger particles.
Any significant rainfall soaks the interior of the pile, and the drving
process is very slow.

Field investigations have shown that emissions from aggregate storage
operatlons vary in direct proportion to the percentage of silt (particles
< 75 pm in diameter) in the aggregate material. 3 The silt content is de-
termined by measuring the proportion of dry aggregate material that passes
through a 200 mesh screen, using ASTM-C-136 method. Table 11.2.3-1 summa-
rizes measured silt and moisture values for industrial aggregate materi:ls.

11.2.3.3 Predictive Emission Factor Equations

Total dust emissions from aggregate storage piles are contributions of
several distinct source activities within the storage cycle:

1. -Loading of aggregate onto storage piles (batch or comtinuous .Jr:p
operations).

2. Equipment traffic in storage area:

3. Wind erosion of pile surfaces and ground areas around pil:-s.

4. Loadout of aggregate tor shipment or for return to the price:.

stream (batch or continuous drop operations).

/3 : Miscellaneous Sources L. -,
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Silt : ,
content Surface loading No. of Vehicle weight

(%) kg/km lb/mile lanes Mg tons
5.1 - 92 42.0 - 2,000 149 - 7,100 2 -4 2.7 - 12 3 ~-13.

If I > 1.0, the rating of the equation drops to D because of the arbitrari-
ness in the guidelines for estimating I.

Also, to retain the quality ratings of Equation 1 applied to a spe-
cific industrial paved road, it is necessary that reliable correction pa-
rameter values for the specific road in question be determined. The field
and laboratory procedures for determining surface material silt content and
surface dust loading are given in Reference 2. In the event that site spe-
cific values for correction parameters cannot be obtained, the appropriate
mean values from Table 11.2.6-1 may be used, but the quality ratings of the
equation are reduced by one level.

References for Section 11.2.6

1. R. Bohn, et al., Fugitive Emissions from Integrated Iron and Steel
Plants, EPA-600/2-78-050, U. S. Lnvironmental Protection. Agency,
Research Triangle Park, NC, March 1978.

2. ‘C. Cowherd, Jr., et al., Iron and Steel Plant Open Dust Source Fugi-
tive Emission Evaluation, EPA-600/2-79-103, U. S. Environmental Pro-
tection Agency, Research Triangle Park, NC, May 1979.

3. R. Bohn, Evaluation of Open Dust Sources in the Vicinity of Buffalo,

New York, U. S. Environmental Protection Agency, New York, NY, March
1979.
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TABLE 11.2.3-1.

TYPICAL STLT AND MOISTURE CONTENT VALUES
OF MATERIALS AT VARIOUS INDUSTRIES

S Stit (X) o Holsture (1)
Industyy Haterlatl No. of test No. of test
samples Range Heasn Range Hean
Iron and steel
production Pellet ore 10 1.6 - 13 6.9 8 0.646 - 3.5 2.1
Lump ore 9 2.8 -19 9.5 6 1.6-- 8.1 $.4
Cosl ! 2-1. b 6 28 - N 4.8
Slag 3 3-1. .3 3 0.25 - 2.2 0.92
Flue dust 2 UBCY 3 ) 13.0 0 NA HA
Coke biecze ! 5.4 1 6.4
Blended ove ) 15.0 1 6.6
Sinter ] 0.7 0 NA NA i
Limestone t 0.4 0 NA NA .
Stone quarrying
and processing Crushed limrstone 2 - 1.9 1.6 0.} - 1.1 0.7
Taconite mining
and processing Pellets 9 - 5.4 3.4 0.05 - 2.3 0.96
Taitings 2 NA 11.0 0.35
Vestern surface
d Coal 15 b - 16 6.2 2.8 -2 6.9
coal mining Overburden 15 .8 -1 1.5 NA NA :
Exponed ground J -2 15.0 0.8 - 6.4 3.4
11 ST —= T
Refevences 2-5. NA = not spplicable.
Reference V. N
Reference 6.
Reference 7. tf
[
}
P
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Adding aggregate material to a storage pile or removing it usually in-
volves dropping the material onto a receiving surface. Truck dumping on

‘the pile or loading out from the pile to a truck with a front eni loader

are examples of batch drop operations. Adding material to the pile by a
conveyor stacker is an example of a continuous drop operation.

The quantity of particulate emissions generated by a batch drop opera-
tion, per ton of material transferred, may be estimated, with a rating of
C, using the following empirical expression?:

™
[}

k(0.00090)

(kg/g) (1)

tn
n

k(0.0018)

(1b/ton)

emission factor

particle size multipler (dimensionless)
material silt content (%)

mean wind speed, m/s (mph)

drop height, m (ft)

material moisture content (%)
dumping device capacity, m3 (ydS)

where:

E
k
s
U
H
M
Y

The particle size multlpler (k) for Equation 1 varies with aerodynamic par-
ticle size, shown in Table 11.2.3-2.

TABLE 11.2.3-2. AERODYNAMIC PARTICLE SIZE
MULTIPLIER (k) FOR
EQUATIONS 1 AND 2

Equation < 30 <15 < 10 <5 < 2.5
Hm Hm pm um pm

Batch drop 0.73 0.48 0.36 0.23 0.13

Continuous
drop 0.77 0.49 0.37 ¢.21 0.11

The quantity of particulate emissions generated by a continuous drop
operation, per ton of material transferred, mzyv be estimated, with a rating
of C, using the following empirical expression<:

5/83 Miscellaneous Source: 11.2.3-3
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5) (G5 (CH N T
E = k(0.00090) (5) (2‘2)2(3'0) (kg/Mg) (2)
(3)
sy (Uy (K
E = k(0.0018) (5) (52 (x) (1b/ton)
() -
2 7

where: emission factor 4 .
particle size multiplier (dimensionless)
material silt content (%)

mean wind speed, m/s (mph)

drop height, m (ft)

material moisture content (%)

E
k
s
U
H
o

The particle size multiplier (k) for Equation 2 varies with aerodynamic
particle size, as shown in Table 11.2.3-2. '

Equations 1 and 2 retaiG the assigned quality rating if applied within
the ranges of source conditions that were tested in developing the equa-
tions, as given in Table 11.2.3-3. Also, to retain the quality ratings of
Equations 1 or 2 applied to a specific facility, it is necessary that reli-
able correction parameters be determined for the specific sources of inter-
est. The field and laboratory procedures for aggregate sampling are given
in Reference 3. In the event that site specific values for correction pa-
rameters cannot be obtained, the appropriate mean values from Table
11.2.3-1 may be used, but in that case, the quality ratings of the equa-
tions are reduced by one level.

TABLE 11.2.3-3. RANGES OF SOURCE CONDIT%ONS FOR
EQUATIONS 1 AND 2

Silt Moisture
Equation content content Dumping capacity Drop height
(%) (%) -m° yd* m ft
‘Batch drop 1.3 - 7.3 0.25-0.70 2.10 - 7.6 2.75 - 10 NA NA
Continuous
drop 1.4 - 19 0.64 - 4.8 NA NA 1.5 - 12 4.8 - 39

4 NA = not applicable.

For emissions from equipment traffic (trucks, front end loaders, doz-
ers, etc.) traveling between or on piles, it is recommended that the equa-
tions for vehicle traffic on unpaved surfaces be used (see Section 11.2.1).
For vehicle travel between storage piles, the silt value(s) for the areas (Ei

11.2.3-4 EMISSION FACTORS _ 5/83
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among the piles (which may differ from the silt values for the stored mate-
rials) should be used.

For emissions from wind erosion of active storage piles, the following
total suspended particuiate (TSP) emission factor equation is recommended:

E’=‘1.9 (T%E) <§%%§£) (Té) (kg/day/hectare) (3)
E=1.7 (-15—5) (%2) (ié) (1b/day/2~re)

where: E = total suspended particulate emission factor
s = silt content of aggregate (%)
P = number of days with 2 0.25 mm (0.01 in.) of precipitation
per year
f = percentage of time that the unobstructed wind speed ex-

ceeds 5.4 m/s (12 mph) at the mean pile height

The coefficient in Equation 3 is taken from Reference 1, based on sam-
pling of emissions from a sand and gravel storage pile area during periods
when transfer and maintenance equipment was not operating. The factor from
Test Report 1, expressed in mass per unit area per day, is more reliable
than the factor expressed in mass per unit mass of material placed in stor-
age, for reasons stated in that report. Note that the coefficient has been
halved to adjust for the estimate tuat the wind speed through the emission
layer at the test site was one half of the value measured above the top of
the piles. The other terms in this equation were added to correct for
silt, precipitation and frequency of high winds, as discussed in Refer-
ence 2. Equation 3 is rated C for application in the sand and gravel in-
dustry and D for other industries.

Worst case emissions from storage pile areas occur under dry windy
conditions. Worst case emissions from materials handling (batch and con-

tinuocus drop) operations may be czlculated by substituting into Equations 1

and 2 appropriate values for aggregate material moisture content and for
anticipated wind speeds during the worst case averaging period, usually
24 hours. The treatment of drv conditions for vehicle traffic (Section
11.2.1) and for wind erosion (Equation 3), centering around parameter p,
follows the methodology described¢ in Section 11.2.1. Also, a separate set
of nonclimatic correction parameters and source extent values corresponding
to higher than normal storage pile activity may be justified for the worst
case averaging period.

11.2.3.4 Control Methods

Watering and chemical wetting agents are the principal means for con-
trol of aggregate storage pile emissions. FEnclosure or covering of in-
active piles to reduce wind ¢rceion can also reduce emissions. Watering is
useful mainly to reduce em:ssions from vehicle traffic in the storage pile
area. Watering of theé stcrags piles themselves tyvpically has only a very

temporary slight effect on <z:iz! emissions. A much more effective tech-
nique is to apply chemical ~:z_i:ng agents for better wetting of fines and
5/83 Y rIziianeous Sources 11.2.3-5




longer retention of the moisture film. Continuous ‘chemical treatment of
material loaded onto piles, coupled with watering or treatment of roadwavs,
can reduce total garticulate emissions from aggregate storage operations by
up to 90 percent.

i

References fnr Section 11.2.3

1. C. Cowherd, Jr., et al., Development of Emission Factors for Fugitive
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SECTION VIII

AGGREGATE HANDLING AND STORAGE PILES

When determining particle size distribution for storage pile emissions use
the same multipliers or proportions given for batch drop in this section.

For purposes of estimating average pile sizes we will use a capacity
factor of 2 for coal and 6 for soil or sand/gravel and disregard pile
configuration. (See September 30, 1981 Compilation of Emission Factors if
clarification or more accurate size determinations are needed). Therefore, use
the following numbers when estimating stockpile emissions:

Weight of Material Stockpiled (toms) Surface Area of Pile (Acres)
Coal Soil or Sand/Gravel

1,000 0.22 0.11
5,000 0.64 0.31
10,000 1.02 0.49

50,000 3.0 1.43
100,000 4,74 2.28
500,000 13.9 6.7
750,600 : 18.2 8.7
1,600,000 22.0 10.5
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APPENDIX A
PARTICLE SIZE DISTRIBUTIONS

We recommend the following procedures and multipliers to calculate
particle size distributions as needed. For example, where emission factors
are given for <30 and <10 that do not correspond to the multiplier, and you
need to determine <15, you will need to proportion as follows:

‘Multipliers
Given: <30 = 10 1b/ton <3.0 <15 <J0
<q0 = 1 1b/ton 0.8 0.57 0.45

Using the given multipliers and the <30 value, total particulates should
be equal to 10 = 12,5 and therefore <10 = 12.5 X .45 = 5.6 # 1

However <10 is a given factor and we must use. Therefore, to determine
<15 calculate as follows:

\
0.57-0.45} x <10_1> +1 5(342)(9) + 1= 4,06 Whereas if you
0.8—0.45//

only used the multiplier for <15 the value would be = 0.57 X 12.5 = 7.1

Use the following given multipliers:

Emission Factor <30 um <15 um <10 um <5 um <2.5 um
Batch Drop .73 .48 .36 .23 .13
Continuous Drop .77 .49 .37 .23 .11
Unpaved Roadd .80 .57 45 .28 .16
Paved Roads .86 .64 .51 .32 «17
Averages .79 .54 .42 «26: .14

In comparison we derived an "overall” particle size distribution for western
surface coal mines by assigning a percentage of total mine emissions to each
source considered significant, computed ratios for the given inhalable
particulate and fine particulate to the total suspended particulate and plotted
these numbers on lognormal grap? paper to get:

<30 <15 <10 <5 2.5

1.0 .43 .28 .10 .023

These multipliers are to be used as a guide only. Source and site specific
data, if submitted, should be given priority.
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CONTROL EFFICIENCIES

APPENDIX B

Activity Methodology Efficiency %
Material Removal None practical N/A
Material Placement None practical N/A
Storage of materials/exposed areas Chemical suppresants 85 (6)
Mulch 85 (6)
(reduces annual emissions) Rapid Revegetation 75 (annual) (6)
Wind breaks=ht. of pile 50 (6)
Wind breaks <ht of pile 30 (7
(dependent on location & met. Adequate watering 50 (8)
conditions)
Water as needed 25 . (5)
Chemical/vegetative 93 (9)
stabilization
Portable screen fence 80 (10)
Oiling . 80 (7
Complete enclosure 99 (6)
Partial enclosure 50 (5)
Canvas covers 80 (7)
Drilling Bag collector 90 (3)
Chemical suppresants 90 (5 & 11)
Water Injection 75 (5 & 11)
Cyclone collector 75 (5
Blasting None practiced N/A
Loadouts Negative pressure w/ 85 (6)
fabric filter
Chemical suppresants 85 (6)
Enclosed structure 75 (5)
Telescopic chute 75 (7)
Stacker w/water spray 75 (7)
Water spray 50 (8)
Wind guard 50 (7)
Stacker height adjustable 25 (7)
Ladder 80 (7)
Transfer Points Totally enclosed w/neg. 99 (7
pressure w/baghouse
Totally enclosed w/water 99 (5)
Totally enclosed 85 (5)
Partially enclosed w/water 99 (5)
Partially enclosed 70 (7)
Chemical suppressants 85 (3)
Water spray 70 (7)
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Processing Chemical suppressants 85 (6)
Water spray-multiple 75 (5)

nozzles ) -
Water spray 50 (8)

See Table A-2 for additional controls

Unpaved Roads See Section on Unpaved Roads
"~ Paving w/frequent sweep or 99 (5)

flush

Paving w/infrequent clean- 85 . (5)
up

Soil stabilizer forming 80 (5)
crust

Surface chemical treatment 75 (5)

Frequent watering 50 (12)

Water as needed 25 (5)

Gravel 50 (3)

0iling 70 (5)
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Table A-2. DISTRIBUTION BY PARTICLE SIZE OF AVERAGE COLLECTION EFFICIENCIES

FOR VARIOUS PARTICULATE CONTROL EQUIPMENTS-b

Efficiency, %

Particle size range, um

Overall Qb

Type of collector 51t 10 10t020 | 2010 44 >a44
Baffled settling chamber 58.6 7.5 2 43 B0 90
Simple cyclone 65.3 12 33 57 8 91
Long-cone cyclone 84.2 40 79 92 95 a7
Multiple cyclone 74.2 25 54 74 95 98
{12-in, diameter) '

Muitiple cyclone 93.8 63 95 o8 938.5 100
{6-in. diameter}

Irrigated long-cone 91.0 63 93 96 98.5 100
cyclone

Electrostatic 97.0 72 94.5 97 295 100
precipitator

lrrigated electrostatic 99.0 a7 Q9 3.5 100 100
precipitator

Spray tower 94.5 a0 95 e <} 100 100

Self-induced spray 83.6 85 96 98 100 100
scrubber

Disintegrator scrubber 98.5 93 o8 29 100 100

Venturi scrubber 89.5 99 99.5 100 100 100

Wet-impingement scrubber 97.9 96 98.5 99 100 100

Baghouse 99.7 99.5 100 100 100 100

SReferences 2 and 3.

bDats besed on standard silics dust with the follow ng particle size and weight distribution:

Particle size Percent
range, um by weight
Oto 5 20
510 10 10
10 to 20 15
2010 44 20
>44 35

EMISSION FACTORS
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' APPENDIX c
. USEFUL WEIGHTS AND MEASURES (AVERAGES AND RANGES)
i
Cement 1 yd3 = 2500 1b.
' Concrete 1 yd3 = 400 1b.
Coal (Bituminous) 1 ft3 = 47-50 1b.
l Coal (Bituminous) 1 yd3 = .635 - .675 ton
' Gravel, dry packed 1 ft3 = 100-120 1b.
Gravel, wet J 1 ft3 = 126 1b.
. Sand, gravel (dry, loose) 1 ft3 = 90-105 1b.
Topsoil | ' 1 £t3 = 111 1b. (13)
' Topsoil ! 1 yd3 = 1.5 ton (13)
Overburden ' | 1yd3 =1.3 ton (4)
' ' Uranium ore 1 yd3 = 1.5 ton (14)
l Rock (broken) 1 yd3 = 1.35 ton (14)
i Average depth of topsoil 1.5 ft. (15)
I Average depth of overburden 120 ft. (as much as 3000 ft) (15)
Scraper capacity 25 yd3 (5)
l Dragline capacity 30-200 yd3 (4)
l Truck capacity 10-20 yd3 (5) (as much as 200 ton)
Shovel capacity | 5-8 yd3 (16) (as much as 40 yd3)
I Frontend loader capacity 2.5-8 yd3 (14) (as much as 20 yd3)
Grizzly capacity 190-2000 tons/hour (14)
I Rail car capacity 100 tons (5)
l Con?fq’yor capacity 53-1470 tons/hr. (14)
i
i
i
|
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APPENDIX D

METEOROLOGICAL NDATA

We may assume that on days where there {s significant precipitation (>.01 inch), maximum temperatures
below freezing, or a snow cover on the ground that emissions from some fugitive dust sources will be
negligible. Therefore, the following table provides the average number of days per month that one of the
above conditions may occur. The data is given for the five major weather stations in the State and may be
applied to each major drainage area. (Figure Dl)

Table D.1.
— Precipitation >.01 inch (17)
Station Jan - Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Total
Alamosa 0 3 9 18 6 10 11 8 5 2 3 66
Grand Jct. 4 4 8 6 12 4 10 9 5. 9 6 5 82
' Pueblo 2 3 8 1 9 2 127 13 5 5 2 3 65
a2 Colo. Spgs. 3 5 10 5 17 10 18 19 7 5 1 5 105

Denver 2 4 10 4 16 9 7 8 6 7 3 6 82
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Table D.2.
Days of minimal emissions due to freezing temps and/or snow cover (17)

Station Jan Feb Mar Apr May Jun —. -Jul Aug SepA Oct Nov Dec Total
Alamosa 1 1 1 0 o o -0 o o o 0 9 12
Grand Jct. 0 1 0 0 0 0 0 ;;_ 0 0 o 6 7
Pueblo 0. 2 0 0 o 0 0 0 _o0 0 0 4 6
Colo. Spgs. 1 2 2 0 - 0 0 0 0 0 0 1 8 14
Denver 1 6 7 0 0o 0 0 0 | 0 0 3 8 25

Tables D.l. and D.2. may be used together for sources of wind erosion. _
Table D.l. should be used by itself for all other exposed activities. Multiply the applicable emission
factor by 365-table value/365. )

For areas some distances from one of these major stations may use other documentation or Figure 11.2.1-1
in Section VI.

Table D.3. provides average wind speeds for the five major weather stations (17)

Station Average Wind Speed (mph)
Alamosa o 8.3 -
Grand Junégion 8.1

Pueblo 8.7

Colorado Springs 10.4

—_ Denver 9.0
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FIGURE D 1
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APPENDIX E

ADDITIONAL FACTORS

=
n-' -

Product loss due to transportation by rail or truck = 57 X 10-6 lb/ton/mile.

Assume all emissions occur within a 50 mile radius. (18)

Demolition = 2 1b/ton Assume yd3 of debris = 1.5 ton (5)

t b
] I

| .
| |

Sand Blasting = 0.1 1b/ft2 (5) or 4.1% by weight of blasted abrasive for sabd, |
1.0% for slag and 0.7% for steel shot. (19)

!
Feedlots = >100,000 head 1.9 ton/1000 head/yr. (8) | ‘
! 10,000-100,000 3.5 ton/1000 head/yr.
1,000-10,000 = 4.6 ton/1000 head/yr. \
<100 = 7.3 ton/1000 head/yr.

-54= -




(1)
(2)
(3)

(4)

(5

(6)

(7

(8)

9

(10)

(11)

(12)

(13)
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APPENDIX 3
DISPERSION CALCULATION




A3.1 INTRODUCTION

In order to determine the intake concentration of principal contaminants
(PCs) at the RFP site fenceline (receptor location), Turner’s X/Q model was used for
contaminant dispersion from the source (Turner, 1967). These gaussian dispersion
functions are the basis of most air dispersion models used in environmental work.
As applied, Turner’s equation is conservative and tends to over estimate exposure
concentrations. The RFP air data was used as the best available. As discussed in
Appendix 2, dust emission rates were determined at the source of site activities based
on the predictions of various fugitive dust emission models (VOCs were assumed to
be completely volatilized during activities which disturbed VOC-contaminated soil).
The application of Turner’s X/Q model to these source emission rates is discussed

in the following sections.
A3.2 DISPERSION CALCULATIONS

Turner’s X/Q model is expressed as follows:

Q

Concentration (g/m*) = -
oz

‘noy

Emission rate of PC at source, (g/s or pCi/s)
3.14

Horizontal dispersion coefficient, (m)
Vertical dispersion coefficient, (m)

Average wind speed, m/s

oI o)

The emission rate of a PC at the source, Q, can be determined based on three

parameters:

A-3-1 DRAFT




1. concentration of a particular PC in the soil being disturbed by an
activity;
2. fugitive dust emission factor for the activity (or complete volatilization

for VOCs); and

3. duration of the activity.

|
An example calculation of Q is as follows.

Assume:

. PC exists at 1 ppm in soil being disturbed;

. dust model predicts an emission of
0.5 kg soil/1 Mg soil disturbed;

. activity duration of 10 hours (36,000s); and

. total soil disturbed over duration of activity is 10 Mg.

Therefore:
0 0.5 kg soil 10 Mg Soil Disturbed 1g PC 1.4E-7 gPCemitted
= X X =
1 Mg Soil Disturbed 36,0005 ' 1,000 kg soil s

o, and o, can be determined as a function of distance between the source of
contamination and the receptor (see Attachment A.3.1). In modeling dispersions
from activities at RFP, four distances were derived based on the expected areas of
activity (Zones A, B, and C and Operable Unit 3). These distances were made
conservative by assuming the center of activity for each of the zones is located at the
zone’s bbundary nearest to the off-site receptor where it intersects the wind vector
leading to the rleceptor. The wind vector along which dispersion modeling was

performed represents the most common wind direction at the RFP. The distance to

A-3-2 DRAFT



the receptor for Operable Unit 3 activities is assumed to be one-half mile (0.8 km)
based on a source of activity (well drilling and vehicle traffic) located just east of

Indiana Street and a receptor in the vicinity of Standley Reservoir. Table A.3-1

summarizes the distances assumed and their corresponding o, and o, values.

TABLE A3-1

Zone A 1.6 110 43
Zone B 29 182 64
Zone C 44 270 82
Operable Unit 3 0.8 55 26

The mean wind speed, U, was estimated as follows using available wind rose
data for RFP for 1990 (see Attachment A.3.2 - Wind Rose for RFP-1990). Note that

the wind speed data was presented in knots, and that stability Class D was assumed.

Uave = 0.066(1.5) + 0.266(4.5) + 0.319(8.0) + 0.219(13) + 0.070 (18.5) + 0.059 (21)

= 9.2 knots (4.7 mk)
A33 SUMMARY

PC concentrations at the receptor were determined by applying the
aforementioned Turner’s X/Q model to the emission rates (Q) of the PCs at the
various sources. The model was applied separately to the source emission rates for
radionuclides, non-radionuclides, and VOCs. Actual application of this model is
detailed for Zones A, B, and C and.Operable Unit 3 in Attachments A.3.3, A.3.4,

A-3-3 DRAFT
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PRESQIL TRANSEQRTA
Dose/Risk Estimates — R
Variable
Intake Duration

Exposure Period
Fract. Leeward Wind Factor

Intake Rate m

1.36E-04

Intake Concentration pCi/m~3

Intake/Exposure Period pCi 1.19E +00
EPA L.E.C.R.

Uranium 233 & 234 3E-08
Uranium 235 3E-08
Uranium 238 3E-08
Americium 241 SE-08
Plutonium 239 & 240 SE-08
Tritium (gas)** 9E-14
Strontium 89 3E-12
Strontium 90 TE-11
Cesium 137 6E-11
Radium 226 . 4E-09
Radium 228 8E-10

Dose/Risk Estimates — Non—Radioauclides

Variable Unit
Intake Rate m "~ 3/
Intake Duration hr/day
Exposure Period Days
Fract. Leeward Wind Factor

Intake Concentration mg/m ™3
Intake/Exposure Period mg
Carcinogen Dose Rate  mg/kg/day
Non—Carc. Dose Rate  mg/kg/day
EPA LEC.R.

Arsenic

Beryllium

Cadmium

Chromium VI

a— Hexachlorocyclohexane
B— Hexachlorocyclohexane
Heptachlor

Heptachlor Epoxide
Aldrin

Dieldrin

DDT

Chlordane (2lpha, gamma)
Toxaphene

" | Hazard Owotient

Barium
Chromium III
Chromium VI
Manganese
Mercury

Parameter

6.77E-08
5.93E-04
3.32E-10
4.65E-09

SE-06
8E-04
8E-04
4E-05
5E-05

Dose/Risk Estimates — VOCs

Variable Unit
S-S ES=m== =E====
Intake Rate m 3/
Intake Duration hr/day
Exposure Period Days
Fract. Leeward Wind Factor

Intake Concentration mg/m ~ 3
Intake/Exposure Period mg
Carcinogen Dose Rate  mg/kg/day
Non—Carc. Dose Rate  mg/kg/day

EFA L.EC.R.

Chloroform

Carbon Tetrachloride
Benzene
Dichloromethane

1,2- Dichlaroethane
1,1- Dichiaroethene
1,3~ Dichlaropropene
1,1,2- Trichlorocthane
Bromoform
Tetrachloroethene
Styrene

Vinyl Chloride

1,2- Dichlaroethane
1,2- Dichlaropropane
1,1,2,2~ Tetrachloroethane
2~ Chloroethyl Ether
Hexachlorethane
Hexachlorobutadiene
2,4,6— Trichlorophenol
Hexachlorobenzene

Hazard Ounotieat

1,1,1-Trichloroethane
Toluene
Dichloromethane
Xylenes

MEK

Bromomethane

Carbon Disulfide

1,1- Dichlaroethane
Vinyl Acetate

1,3~ Dichlaropropene
Chlorobenzene
Ethylbenzene

1,4— Dicklarobenzene
1,2— Dichlarobenzene
Nitrobenzene

1,2,4— Trichlorobenzene
Hexachlorocyclopent adiene

Parameter

0.00E+00
0.00E+00
0.00E+00
0.00E +00

0E +00
0E +00
0E +00
0E+00
0E+00
0E+00
0E+00
0E+00
O0E +00
0E+00
0E+00
0E +00
OE +00
0E +00
0E +00
0E+00
0E+00
0E+00
OE +00
0E+00

0E+00
0E +00
0E+00
. 0E+00
OE +00
OE+00
0E+00
0E+00
O0E+00
0E+00
0E+00
0E+00
OE +00
OE+00
0E +00
0E +00
0E+00




"TOPSOIL TRANSPORTATION BY SCRAPER — ZONE B
EPA Threabold Lewels LECR Hl
Threshold Conc. Threshold Conc.
Radionuclides i
Uranium 233 & 234 311E+01
Uranium 235 3.35E+01
Uranium 238 3.49E+01
Americium 241 2.10E+01
Plutonium 239 & 240 2.05E+01
Tritium (gas)** 1.08E+07
Strontium 89 2.89E+05
Strontium 90 1.50E+04
Cesium 137 1.71E+04
Radium 226 2.80E+02
Radium 228 129E+03
Noo —Radionuclides ugfg ug/g
Arsenic 6.03E+01
Barium 2.15E+04
Beryllium 3.59E+02
Cadmium 4.94E+02 .
Chromium I11 123E+02
Chromium V1 7.35E+02 123E+02
Manganese 245E+03
Mercury 1.85E+03
Hexachlarocyclohexane (alpha) 4.78E+02
Hexachlarocyclohexane (beta) 1.67E+03
Heptachlor 6.70E+02
Heptachlor Epaxide 331E+02
Aldrin 1.77E+02
Dieldrin 1.88E+03
DDT 8.86E+03
Chlardane (alpha, gamma) 2.2E+03
Toxaphene 2.74E+03
VOCs & Semi—VOCs ug/g ug/g
Chloroform NA N/A
1,1,1-Trichloroethane N/A N/A
Carbon Tetrachloride N/A N/A
Benzene N/A N/A
Toluene N/A N/A
Dichloromethane N/A N/A
Xylenes N/A N/A
MEK N/A N/A
1,2—-Dichloroethane N/A N/A
Bromomethane N/A N/A
Carbon Disulfide N/A N/A
1,1-Dichloroethene N/A N/A
1,1-Dichloroethane NA N/A
Vinyl Acetate N/A N/A
1,3—Dichloropropene N/A N/A
1,1,2-Trichloroethane N/A N/A
Bromofarm N/A N/A
Tetrachloroethene N/A N/A
- | Chlorobenzene NA N/A
Ethylbenzene N/A N/A
Styrene N/A N/A
Vinyl Chlaride N/A N/A
1,2—Dichloroethane N/A N/A
1,2—Dichloropropane N/A - N/A
1,1,2,2—Tetrachlorocthane NA N/A
2—Chloroethyl Ether NA N/A
1,4-Dichlorobenzene N/A N/A
1,2-Dichlorobenzene N/A N/A
Nitrobenzene N/A N/A
Hexachloroethane N/A N/A
1,2,4-Trichlorobenzene N/A N/A
Hexachlorobutadiene N/A N/A
Hexachlorocyclopentadiene N/A N/A
2,4,6—Trichlorophenol N/A N/A
Hexachlorobenzene N/A N/A




DESCRIPTION: The equation for batch drop operations predicts emission factors based on particle size, variables requiring input
silt content, windspeed, drop beight, moisture content, and dumping device capacity.

ONEB

Turners X/Q
For Resprrable Fines < =15um, K = 0.48 Contaminant Dpersion
EHE(kg/Mg) = K(0.0009){(s/SXU/2.2)(H/1.5)J(M/D ~ 2(Y/4.6)~ .33] (note 1) Variable Unit Parameter Remark
Variable Unit Parameter Q1, Emission Rate — Non-Radionuclide ghec. 291E~08 Receptar @
soooemoscooz=ssossoos ==s== Q2, Emission Rate ~ Radi lid pCisec. 0.00E +00 29km
s, Silt Content L3 Q3, Emission Rate - VOO gfsec. $.39E 02
U, Mean Wind Speed mh Pi . 3.14
H, Drop Height m Sigmay m lass D stability
M, Moisture Content % Sigma z m tars D stability|
Y, Bucket Capacity m~3 Wind speed mAec 4.7
T, Total P eriod of Excavation b Contaminant Concentrations at Fenceline
V, Total Volume of Excavation m~3 Non -Radionuclides mg/m”~3 1.69E-10
DT, Bulk Density of Soil Mg/m ~ 3 Radionuclides pCim~3 0.00E +00
. VoG mp/m ~ 3 313E-04
MT, Total Mass of Soil Mg 174600 Initial Concentrations of Contaminants in Soik at Source
VOC Total(note 2) g 174600 .
Radionuclides (pCi/p) 0.00E +00
. Non -Rad’ (ug/g or ppm) 1.00E +00
VOGs (ugf or ppm) 1.00E +00
Emissions at Source: (note 3)
- Purticulste Emissions from Source kg/Mg 5.40E -04
Non—Radionuclide (solids) Emssion Rate [7] 291E-08
Radionuclide Emasion Rate (note 4) pCis 0.00E +00
VOCs Embsion Rate gh 5.39E-02
Target Threshold Risk 1.00E —-06
Note 1: Reference Memorandum from Tom Tistinic, Public Health Engineer, on Fugitive Particulate Emasions, July 2, Target Threshold Hazard Index 0.1

1984. Through Colorado Department of Health, Air Pollution Control Division.
Note 2: V OCs are assumed to be completely volatilized and emitted from the soil during this activity.
Note 3: Contaminant emissionrates are based on the d initial i rations in thesoil.
Note 4: Radi Gdes are od to be distributed only and homogeniotsly in the top 6 inch layer of soil.




MAJOR EXCAVATION BY FRONT SCHOVEL EXCAVATOR (BATCH DROP) — ZONE B

Dose/Risk Estimates — Radionuclides

Variable Unit
Intake Rate m ™ 3/ke
Intake Duration hr/day
Exposure Period Days

Fract. Leeward Wind Factor

Intake Concentration pCi/m "3
Intake/Exposure Period pCi

EFA L.E.C.R.

Uranium 233 & 234
Uranium 235
Uranium 238
Americium 241
Plutonium 239 & 240
Tritium (gas)**
Strontium 89
Strontium 90
Cesium 137
Radium 226
Radium 228

Parameter

0.00E +00
0.00E +00

OE +00
OE + 00
0E+00
0E+00
0E+00
0E+00
OE+00
OE+00
OE+00
0E+00
OE +00

Dosec/Risk Estimates — Noa— Radionuclides

Variable Unit Parameter
Intake Rate m ~ 3/br

Intake Duration hr/day

Exposure Period Days

Fract. Leeward Wind Factor

Intake Concentration mg/m ~3 1.69E~ 10
Intake/Exposure Period mg 1.48E-06
Carcinogen Dose Rate mg/kg/day 8.29E-13
Non-Carc. Dose Rate  mg/kg/day 1.16E-11
EPA LEC.R.

Arsenic 4E-11
Beryllium 7TE-12
Cadmium SE-12
Chromium VI 3E-12
a— Hexachlorocyclohexane SE-12
B- Hexachlorocyclohexane 1E-12
Heptachlor 4E-12
Heptachlor Epoxide 8E-12
Aldrin 1E-11
DieMrin " 1E-12
DDT . 3E-13
Chlordane (alpha, gamma) 1E-12
Toxaphene 9E-13
Hazard Ouotieat

Barium 1E-08
Chromium III : 2E-06
Chromium VI 2E-06
Manganese 1E-07
Mercury 1E-07

Dose/Risk Estimates — VOGCs

Variable Unit
Intake Rate m ™ 3/br
Intake Duration hr/day
Exposure Period Days
Fract. Leeward Wind Factor

Intake Concentration mg/m "~ 3
Intake/Exposure Period mg

Carcinogen Dose Rate  mg/kg/day
Non-Carc. Dose Rte  mg/kg/day

EPA L.E.C.R.

Chloroform

Carbon Tetrachloride
Benzene
Dichloromethane
1,2— Dichlaroethane
1,1- Dichiaroethene
1,3- Dichlaropropene
1,1,2~ Trichloroethane
Bromoform
Tetrachlaroethene
Styrene

Vinyl Chloride

1,2~ Dichlaroethane
1,2- Dichlaropropane

1 1.1,2,2- Tetrachloroethane

2—Chloroethyl Ether
Hexachlorethane
Hexachlorobutadiene
2,4,6— Trichlorophenol
Hexachlorobenzene

Hazard Quoticat

1,1,1- Trichloroethane
Toluene
Dichloromethane
Xylenes

MEK

Bromomethane

Carbon Disulfide

1,1- Dichlaroethane
Vinyl Acetate

1,3- Dichlaropropene
Chlorobenzene
Ethylbenzene

1,4— Dichlarobenzene
1,2- Dichlarobenzene
Nitrobenzene

1,2,4—- Trichlorobenzene
Hexachlorocyclopentadiene

Parameter

3.13E-04
2.75E+00
1.54E-06
2.15E-05

1E-07
2E-07
SE-08
3E-09
1E-07
2E-06
2E-07
9E-08
6E-09
3E-09
3E-09
4E-08
1E-07
2E-07
3E-07
2E-06
2E-08
1E-07
2E-08
2E-06




Radionuclides pCifg

Uranium 233 & 234 N/A

Uranium 235 N/A

Uranium 238 NA

Americium 241 N/A

Plutonium 239 & 240 N/A

Tritium (gas)**® NA

Strontium 89 N/A

Strontium 90 N/A

Cesium 137 N/A

Radium 226 N/A

Radium 228 N/A

Non—Radionuclides ugle ugle
Arsenic 241E+04

Barium 8.62E+06
Beryllium 1.44E+05

Cadmium 1.98E+05

Chromium I1I 491E+04
Chromium VI 2.94E+05 491E+04
Manganese 9.83E+05
Mercury 7.41E+05
Hexachlarocyclohexane (alpha) 1.92E+05
Hexachlarocyclohexane (beta) 6.70E+05

Heptachlor 2.68E+05

Heptachlor Epaxide 1.33E+05

Aldrin 7.10E+04

Dieldrin ) 7.54E+05

DDT ! 3.55E+06

Chlordane (alpha, gagmma) 9.28E+05

Toxaphene 1.10E+06

VOCs & Semi—VOCs u ug/g
Chloroform . 8.04E4+00
1,1,1-Trichloroethane 1.40E+04
Carbon Tetrachloride 5.01E+00

Benzene 2.17E+01

Toluene 2.79E+03
Dichloromethane 326E+02 4.19E+03
Xylenes 4.19E+02
MEK 4.19E+03
1,2-Dichloroethane 7.16E+00

Bromomethane 9.30E+01
Carbon Disulfide 1.40E+01
1,1-Dichloroethene S5.43E-01
1,1-Dichloroethane 4.65E+03
Vinyl Acetate 2.79E+02
1,3-Dichloropropene 5.01E+00 2.79E+01
1,1,2-Trichloroethane 1.14E401

Bromofam 1.67E+02
Tetrachlaroethene 3.62E+02

Chlorobenzene 2.33E+02
Ethylbenzene 1.40E+03
Styrene 326E+02

Vinyl Chlaride 225E+01
1,2-Dichloroethane 71.16E+00
1,2—-Dichloropropane 5.01E+00
1,1,2,2-Tetrachloroethane 326E+00

2—Chloroethyl Ether 5.92E-01
1,4-Dichiorobenzene 9.30E+02
1,2-Dichlorobenzene 1.86E+03
Nitrobenzene 2.79E+01
Hexachlaroethane 4.65E+01
1,2,4—-Trichlorobenzene 1.40E+02
Hexachlorobutadiene 8.35E+00
Hexachlarocyclopentadiene 9.30E—-01
2,4,6—Trichlorophenol 5.92E+01
Hexachlorobenzene 4.07E-01




ATTACHMENT A.3.5
ZONE C CALCULATIONS




DESCRIPTION: The equation for hole drilling predicts emissions on a par bole basis. variables requiring input

Turners X/Q

Far Respirable Fines < =15um Contaminant Dspersion

EHE(kg/ole) = 0.25 (note 1) Variable Unit Paamete Remark
assassassasssaseaae caman cessemn msmsaseed

Variable Unit Parameter Q1, Emision Rate — Non-Radionclide ghec, 6.94E-09 Receptar @

=ooc=oososccoossmo=ns e==== Q2, Emision Rate ~ Radionuclides pCikec. 6.94E-03 4.4km

D, Depth of Hole m Q3, Emission Rate - VOG» gfsec. 1.18E ~05

DI, Diameter of Hole m Pi .

DT, Bulk Density of Soil Mg/m ~ 3 Sigmay m Class D stability|

T, Total Period of Hole Drilling . 4 Sigmaz ' m Class D stability|
Wind speed mhAec
Contaminant Concentrations  at Fenceline

- Non -Radionuclides mg/m~3 2.10E-11

MT, Total Mass of Soil Removed Mg 0.42 Radionuclides pCiVm~3 2.10E -08

VOC Total (note 2) g 0.42 VoG mg/m~3 3.56E-08
laitial Concentrations of Contaminants in Soib at Source
Radionuclide (pCi/g) 1.00E +00
Non-Rad’ (ug/g or ppm) 1.00E +00
VOCs (ug/e o« ppm) 1.00E +00

.| Emissions at Source: (obote 3)

Particulate Emissions from Source kg/hole 2.50E-01

Non -Radionuclide (solids) Emission Rate gs 6.94E-09

Radionuclide Emasion Rate (note 4) pCis 6.94E -03

VOGs Emasion Rate gh 1.18E —05 -

Target Threshold Risk
Note 1: Refarence Memorandum from Tom Tistinic, Public Health Engineer, on Fugitive Particulate Emasions, July 2, Target Threshold Hazard index

1.00E -06
0.1

1984. Through Colorado Department of Health, A Pollution Control Division.
Note 2: V OCs are assumed to be completely volatilized and emitted during thi activity.
Note 3: Contaminant emissionrates are based on the d initial i concentrations in the soil.
Note 4: Radionuclides are assumed to be distributed only and homogeniowsly in the top 6 inch layer of soil.
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[HOLE DRILLING — ZONE T
FEPA Threshold Levels

Radionuclides
Uranium 233 & 234
Uranium 235

Uranium 238
Americium 241
Plutonium 239 & 240
Tritium (gas)**
Strontium 89

Strontium 90

Cesium 137

Radium 226

Radium 228
Non—Radionuclides
Arseaic

Barium

Beryllium

Cadmium

Chromium I1I
Chromium VI
Manganese

Mercury
Hexachlarocyclohexane (alpha)
Hexachlarocyclohexane (beta)
Heptachlor

Heptachlor Epaxide
Aldrin

Dieldrin

DDT

Chlordane (alpha, gagmma)
Toxaphene

VOCs & Semi—VOCs
Chloroform
1,1,1-Trichlorcethane
Carbon Tetrachlaride
Benzene

Toluene
Dichloromethane
Xylenes

MEK
1,2--Dichloroethane
Bromomethane

Carbon Disulfide
1,1-Dichloroethene
1,1-Dichloroethane
Vinyl Acetate
1,3-Dichloropropene
1,1,2-Trichloroethane
Bromofarm
Tetrachloroethene
Chlorobenzene
Ethylbenzene

Styrene

Vinyl Chioride
1,2-Dichloroethane
12—-Dichloropropane
1,1,2,2~Tetrachloroethane
2-Chloroethyt Ether
1,4—Dichlorobenzene
1,2--Dichlorobenzene
Nitrobenzene
Hexachlaroethane
1,2,4-Trichlorobenzene
Hexachlorobutadiene
Hexachlarocyclopentadiene
2,4,6—Trichiorophenol

Hexachlorobenzene

LE.CR

HI
Threshold Conc. Threshold Cone.

pCifg
201E+05
217E+05
226E+05
136E+05
133E+05
697E+10
1.87E+09
9.70E+07

111E+08°

1.81E+06

8.36E+06
upfg

1.94E+05

1.16E+06
1.59E+06

2.37E+06

1.54E+06
5.40E+06
2.16E+06
1.07E+06
5.2E+05
6.07E+06
2.86E+07
7.48E+06
8.84E+06

uplg
7.08E+04

441E+04
1.91E+05

2.87TE+06

6.30E+04

4.78E+03

441E+04
1.01E+05
1.47E+06
3.18E+06

287E+06
1.98E+05
630E+04
441E+04
287E+M
521E+03

4.09E+05

735E+04 |

521E+05
3.58E+03

6.94E+07

3.96E+05
3.96E+05
7.91E+06

5.97E+06

1.23E+08

246E+07
3.68E+07
3.68E+06
3.68E+07

8.19E+05
123E+05

4.09E+07

2.46E+06
2.46E+05

2.05E+06
123E+07

8.19E+06
1.64E+07
246E+05
1.23E+06

8.19E+03




DESCRIPTION: The equation for vehicle traffic predicts emissions bas ed on silt content, mean vehicle speed, = variables requiring input

weight and number of wheeb, and the number of days with precipitation > = .254mm.

Turners X/Q
Far Resprable Fines < =10um, K = 0.45 Contaminant Dispersion
EHE(kg/V KT) = K(1.7)(s/12)(S/48)(W/2.T) ~ N wi4) ~ .X(365~p)/365) (note 1) Variable Unit Parameter Remark
Variable Unit Parameter Q1, Emission Rate — Non —Radionuclide ghec. 2.63E~07 Receptar @
=x==s======s====== ===== Smm=so= Q2, Emission Rate — Radionuclides pCisec. 263E-01 44km
s, Silt Content % : Q3, Emission Rate - VOCs gsec. 0.00E +00
S, Mean Vehicle Speed km/br Pi 4
W, Mean V ebicle Weight Mg Sigmay m Class D stability
w, Mean Numbea of Wheek Sigmaz m Class D stabifity,
P, Days with Prec. > =0.254mm . Wind speed mhec
T, Duration of Activity br Contaminant Concentrations at Feoceline
D, Total V ehicle Distance Travelled km Non—-Radionuclides mg/m* 3 8.06E~-10
Radionuclidas pCVm~3 8.06E -07
VOC Total{aote 2) 0.00 VOO mg/m”™3 0.00E +00
: : Initial Concentrations of Contaminants in Soib at Source
Radionuclides (pCi/g) 1.00E +00
Non--Rad’s (ug/g or ppm) 1.00E +00
VOGCs (ug/g or ppm) 1.00E +00
Emissions at Source: (note 3)
Particulate Emissions from Source kg/km 9.48E -01
Non—Radionuclide (solids) Emision Rate gh 2.63E-07
Radionuclide Emasion Rate (note 4) pCis 2.63E-01
VOO Emision Rate g5 0.00E +00
Target Thresbold Risk 1.00E -06 |
Note 1: Reference Memorandum from Tom Tistinic, Public Health Engineer, on Fugitive Particulate Emasions, July 2, Target Threshold Hazard Index 0.1

1984. Through Colorado Department of Health, Ak Pollution Controf Division.
Note 2: V OCs emiss ions are sssumed to be negligable for this activity.
Note 3: Contaminant emissionrates are based on the d initial i concentrations in the soil.
Note 4: Radi fides are ed to be distributed only and homogeniously in the top 6 inch layer of soil.
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v- -

Radionuclides

Uranium 233 & 234
Uranium 235

Uranium 238

Americium 241

Plutonium 239 & 240
Tritium (gas)**®

Strontium 89

Strontium 90

Cesium 137

Radium 226 °
Radium 228
Non—Radionuclides
Arsenic

Barium

Beryllium

Cadmium

Chromium I1I

Chromium VI

Manganese

Mercury
Hexachlorocyciohexane (alpha)
Hexachlorocyclohexane (beta)
Heptachlor

Heptachlor Epaxide

| Aldrin

Dieldrin

DDT

Chlardane (alpha, gamma)
Toxaphene

VOCs & Semi—VOCs
Chloroform

1,1,1 - Trichloroethane
Carbon Tetrachlaride
Benzene

Toluene
Dichloromethane
Xyienes

MEK
1,2—-Dichloroethane
Bromomethane

Carbon Disulfide
1,1-Dichloroethene
1,1-Dichloroethane
Vinyl Acetate
1,3—-Dichloropropene
1,1,2—Trichloroethane
Bromoform
Tetrachloroethene
Chlorobenzene
Ethylbenzene

Styrene

Vinyl Chloride
1,2—-Dichloroethane
1,2-Dichloropropane
1,1,2,2-Tetrachloroethane
2—-Chloroethyl Ether
1,4-Dichiorobenzene
1,2-Dichlorobenzene
Nitrobenzene
Hexachloroethane
1,2,4—Trichlorobenzene
Hexachlorobutadiene
Hexachlarocyclopentadiene
2,4,6—Trichlorophenol
Hexachlorobenzene

LECR
Threshold Conc.

525E+03
5.67E+03
5.90E+03
3.54E+H03
3.45E+03
1.82E+09
4.88E+H07
2.53E+06
2.89E+06
4.T2E+04
2.18E+05

5.07E+03

3.02E+04
4.15E+04

6.18E+04

4.02E+04
1.41E+0S
S.63E+04
2.78E+04
1.49E+04
1.58E+05
T45E+05
1.95E+05
2.30E+05

uglg

NA

N/A

N/A

NA -

N/A

N/A

NA

N/A

N/A

N/A

N/A

N/A

NA

N/A

N/A

N/A

N/A

N/A

N/A

N/A

N/A

N/A

N/A

N/A

NA

N/A

N/A

N/A

N/A

N/A

NA

N/A

N/A

N/A

N/A

HI
Threghold Conc.

1.81E+06

1.03E+04
1.03E+04
2.06E+05
1.56E+05

NA
N/A
N/A
NA
N/A
N/A
NA
N/A
NA
NA
N/A
N/A

N/A
N/A
NA
N/A
N/A
NA
N/A
N/A
N/A
N/A
N/A
NA
N/A
N/A
N/A
N/A
N/A
NA
N/A
N/A
N/A
N/A




DESCRIPTION:

The equation for vehicle traffic predicts emissions bas ed onssilt content, mean vehiclespeed,
weight and number of wheek, and the number of days with precipitation > = .254mm.

= variables requiring input

Foar Resprrable Fines < =10um, K = 0,45
EHE(kg/V KT) = K(1.7)(&/12)(S/48)(W2.T) ~ N wi4) ~ .X(365-p)/365) (note1)

Variable Unit
=moooossoooccosse= ====a
s, Silt Content L
S, Mean V ehicle Speed . km/br
W, Mean Vehicle Weight Mg
w, Mean Numba of Wheeb

P, Days with Prec. > =0.254mm

T, Duration of Activity br
D, Total V ehicle Distance Travelled km
VOC Total(note 2)

Emissions at Source: (note 3)

Par ticnlate Emissions from Source kg/km
Non—Radionuclide (solids) Emission Rate

Radionuclide Emasion Rate (note 4) pCis
VOGO Emssion Rate

Parameter
e .

0.00] -

9.48E-01
2.63E-06
2.63E+00
0.00E +00

Turners X/Q

Contaminant Dspersion

Variable Unit
emvesmssessacs=mee ™
Q1, Emasion Rate -~ Non—Radionuclides ghec.
Q2, Emission Rate — Radionuclides pCisec,
Q3, Emission Rate - VOCs gfsec.
Pi

Sigmay m
Sigmaz m
Wind speed mAec

Contaminant Concentrations at Fenceline

Parameter Remark

263E-06 Recepta @
2.63E+00 4.4km
0.00E +00

Class Dstability,
Clmss D stability

Note 1: Reference Memorandum from Tom Tistinic, Public Health Engineer, on Fugitive Particulate Emésions, July 2,

1984. Tirough Colorado Department of Health, Air Pollution Control Division.
Note 2: V OCs emiss ions are assumed to be negligable for this activity.
Note 3: Contaminant emissionrates are based on the d initial

rations in the soil.

Note 4: Radi fides are

d to be distributed only and homogeniowsly in the top 6 inch layer of soil.

Non-Radionuclides mg/m~3 8.06E —09
Radionuclides pCilm ™3 8.06E -06
Voo mg/m”~3 0.00E +00
Initial Concentrations of Contaminants in Soik at Source

Radionuclides (pCi/g) 1.00E +00

Non—Rad' (ug/g or ppm) 1.00E +00

VOO (ug/g or ppm) 1.00E +00

Target Threshold Risk 1.00E -06

Target Threshold Hazard Index 0.1




Vehicle Traffic — Heavy(100 VKT/Day) — Zoae C

. ~ } ; -
_ - K N

Dose/Risk Estimates — Radioauclides

Variable Unit Parameter
oSS ESE======= =====

Intake Rate m ~ 3/

Intake Duration hr/day

Exposure Period Days

Fract. Leeward Wind Factor

Intake Concentration pCi/m ~3 8.06E-06
Intake/Exposure Period pCi 7.06E-02
EPA L.EC.R.

Uranium 233 & 234 2E~-09
Uranium 235 2E-09
Uranium 238 2E-09
Americium 241 3E-09
Plutonium 239 & 240 3E-09
Tritium (gas)** 6E-15
Strontium 89 2E~13
Strontium 90 4E-12
Cesium 137 3E-12
Radium 226 2E-10
Radium 228 SE-11

Dose/Risk Estimates — Noa— Radioauclides

Variable Unit Parameter
Intake Rate m ~ 3/br

Intake Duration hr/day

Exposure Period Days

Fract. Leeward Wind Factor

Intake Concentration mg/m~3 8.06E-09
Intake/Exposure Period mg 7.06E—-05
Carcinogen Dose Rate  mg/kg/day 395E-11
Non—Carc. Dose Rate  mg/kg/day 5.53E-10
EPA L.ECR.

Arsenic 2E-09
Beryllium 3E-10
Cadmium 2E-10
Chromium VI 2E-10
a— Hexachlorocyclohexane 2E-10
B— Hexachlorocyclohexane 7JE-11
Heptachlor 2E-10
Heptachlor Epoxide 4E-10
Aldrin 7E-10
Dieldrin 6E-11
DDT 1E-11
Chlordane (alpha, gamma) SE-11
Toxaphene 4E-11
Hazard Ouotieat

Barium 6E-07
Chromium III 1E-04
Chromium VI 1E-04
Manganese SE-06
Mercury 6E-06

Dose/Risk Estimates ~ VOCs

Variable Unit
Intake Rate m ™ 3/hr
Intake Duration hr/day
Exposure Period Days
Fract. Leeward Wind Factor

Intake Concentration mg/m~3
Intake/Exposure Period mg
Carcinogen Dose Rate  mg/kg/day
Non-Carc. Dose Rate  mg/kg/day

EPA L.EC.R.

Chloroform

Carbon Tetrachloride
Benzene
Dichloromethane

1,2- Dichlcroethane
1,1- Dichlaroethene
1,3— Dichlaropropene
1,1,2- Trichloroethane
Bromoform
Tetrachloroethene
Styrene

Vinyl Chloride

1,2- Dichlaroethane
1,2- Dichlaropropane
1,1,2,2— Tetrachloroethane
2—Chloroethyl Ether
Hexachlorethane
Hexachlorobutadiene
2,4,6— Trichlorophenol
Hexachlorobenzene

Hazard Quotieat

1,1,1~ Trichloroethane
Toluene
Dichloromethane
Xylenes

MEK

Bromomethane
Carbon Disulfide

1,1- Dichlaroethane
Vinyl Acetate

1,3~ Dichlaropropene
Chlorobenzene
Ethylbenzene

1,4- Dichlarobenzene
1,2- Dicklarobenzene
Nitrobenzene

1,2,4—- Trichlorobenzene

Hexachlorocyclopent adiene

Parameter

0.00E+00
0.00E +00
0.00E +00
0.00E+00

OE +00
0E +00
OE +00
0E +00
0E+00
0E+00
OE+00
0E+00
OE +00
0E+00
0E+00
0E +00
0E+00
0E +00
0E +00
OE +00
0E +00
O0E+00
O0E +00
0E+00

0E+00
0E+00
0E+00
O0E +00
0E+00
0E +00
0E+00
0E+00
0E+00
0E +00
0E +00
CE+00
OE +00
0E+00
OE +00
0E +00
0E +00




icle 1 ratfic — H 100 VKT — Zone C
8 LE.CR HI
Threshold Conc. Threshold Conc. .
Radionuclides pCifg
Uranium 233 & 234 525E+02
Uranium 235 5.67TE+02
Uranium 238 5.90E+02
Americium 241 354E+02
Plutonium 239 & 240 345E+02
Tritium (gas)* *® 1.RE+08
Strontium 89 4.88E+06
Strontium 90 2.53E+05
Cesium 137 2.89E+05
Radium 226 4.72E+03
Radium 228 2.18E+04
Non—Radionuclides u ugfg
Arsenic S.07E+02
Barium 181E+05
Beryllium 3.02E+03
Cadmium ; 4.15E+03
Chromium III 1.03E+03
Chromium VI 6.18E+03 1.03E+03
Manganese 2.06E+04
Mercury 1.56E+04
Hexachlarocyclohexane (alpha) 4.02E+03
Hexachlorocyclohexane (beta) 141E+04
Heptachlor 5.63E+03
Heptachlor Epaxide 2.78E+03
Aldrin 149E+03
Dieldrin 1.58E+04
DDT 7.45E+04
Chlordane (alpha, gamma) 195SE+04
Toxaphene 230E+04
VOGCs & Semi—VOCs ug/g ug/g
Chloroform N/A N/A
1,1,1-Trichloroethane N/A N/A
Carbon Tetrachlaride N/A N/A
Benzene N/A NA
Toluene N/A N/A
Dichloromethane N/A - N/A
Xylenes N/A N/A
MEK N/A N/A
1,2-Dichloroethane N/A N/A
Bromomethane N/A N/A
Carbon Disulfide N/A N/A
1,1-Dichloroethene NA N/A~
1,1-Dichloroethane NA N/A
Vinyl Acetate N/A N/A
1,3—Dichloropropene N/A N/A
1,1,2—-Trichloroethane N/A N/A
Bromofarm . NA N/A
Tetrachloroethene N/A N/A
Chlorobenzene NA N/A
Ethylbenzene N/A N/A
Styrene N/A N/A
Vinyl Chlaride N/A N/A
1,2—Dichloroethane N/A N/A
1,2—Dichloropropane N/A N/A
1,1,2,2—Tetrachloroethane N/A N/A )
2—Chloroethyl Ether N/A | N/A I
1,4-Dichlorobenzene N/A N/A
1,2-Dichiorobenzene N/A N/A
Nitrobenzene N/A N/A
Hexachloroethane N/A N/A
1,24—-Trichlorobenzene N/A N/A
Hexachlorobutadiene N/A N/A
Hexachlorocyclopentadiene N/A N/A
2,4,6—Trichlorophenol N/A NA
Hexachlarobenzene N/A N/A




DESCRIPTION:

Far Respirable Fines < =15um, K = 0.48
EHE(kg/Mg) = K(0.0009)[(/5X(U/2.2)(H/1.5) JI(M/2) ~ 2(Y/4.6) " .33] (note 1)

Variable Unit Parameter
moooscsscc=ssssasoo zmo=ss m=sooas
s, Silt Content %
U, Mean Wind Speed mAs
H, Drop Height o
M, Moisture Content %
Y, Bucket Capacity m~3
T, Dur ation of Activity b
D, Depth of Excavation m
V, Volume of Excavation m"3
DT, Bulk Density of Soil Mg/m~3
MT, Total Mass of Soil/Pit Mg
VOC Total(note 2) I3
N Assuming one pit constructed per day fer five
years gives a total number of pits equal to: 1825

Emissions st Source: (note 3)

Particulate Emissions from Source ' ke/Mg 6.43E-04

Non—Radionuclide (solids) Emission Rate gh 1.06E-10
Radionuclide Emasion Rate (note 4) pCis 1.32E-05
VOG Emasion Rate gh 1.65E~-04

Note 1:Reference Memorandum from Tom Tistinic, Public Health Engineer, on Fugitive Particulate Emasions, July 2,
1984. Through Colorado Department of Health, A Pollution Control Division.

Note 2: V OCs are assumed to be completely volatilized and emitted from the soil during this activity.

Note 3: Contaminant emissionrates are based on the d initial ations in thesoil.

Note 4: Radi ides are d to be distributed only and homogeniously in the top 6 inch layer of soil.

The equation for batch drop operations predicts emision factors based on particle size,
silt content, windspeed, drop height, mosture content, and dumping device capacity.

variables requiring input

Turners X/Q

Contaminant Dspers ion

Variable Parameter Remark

Q1, Emission Rate ~ Non-Radionuclide ghec. 1.06E-10 Receptar @
Q2, Emission Rate ~ Radionuclides pCikec. 1.32E-05 44km

Q3, Emission Rate - VOGs gfsec. 1.65E -04

Pi - 314

Sigmay Class D stability
Sigmaz - - ‘Class Dstability
Wind speed mAec 4.7

Coataminant Concentratiom st Fenceline

Non—Radionuclides mg/m”~ 3 3.24E-13

Radionuclides pCim~ 3 4.03E-11

VOO mg/m ~ 3 5.04E-07

Initial Concentrations of Contaminants in Soik at Source

Radionuclides (pCi/g) 1.00E +00

Non-—Rad% (ug/g or ppm) 1.00E +00

VOGs (ug/g o ppm) 1.00E +00

Target Threshold Risk 1.00E -06

Target Threshold Hazard Index 0.1




BATCH DROP CALCULATION - TEST PITS — ZONEC

Dose/Risk Estimates — Radionuclides

Variable Unit Parameter
Intake Rate m "~ 3/br

Intake Duration hr/day

Exposure Period Days

Fract. Leeward Wind Factor

Intake Concentration pCi/m~3 4.03E-11
Intake/Exposure Period pCi 3.53E-07
EPA L.E.C.R.

Uranium 233 & 234 1E-14
Uranium 235 9E-15
Uranium 238 8E-15
Americium 241 1E-14
Plutonium 239 & 240 1E~14
Tritium (gas)** 3E-20
Strontium 89 1E-18
Strontium 90 2E~-17
Cesium 137 2E-17
Radium 226 1E~-15
Radium 228 2E-16

Dose/Risk Estimates — Non— Radioauclides

Variable Unit Parameter
Intake Rate m " 3/br

Intake Duration hr/day

Exposure Period Days

Fract. Leeward Wind Factor

Intake Concentration mg/m "3 3.24E-13
Intake/Exposure Period mg 2.84E-09
Carcinogen Dose Rate  mg/kg/day 1.59E-15
Non-Carc. Dose Rate  mg/kg/day 222E-14
EPA LE.CR.

Arsenic 8E-14
Beryllium 1E-14
Cadmium 1E-14
Chromium VI TE-15
a— Hexachlorocyclohexane 1E-14
B- Hexachlorocyclohexane 3E-15
Heptachlor TE-15
Heptachlor Epoxide 1E-14
Aldrin 3E-14
DieMrin 3E-15
DDT SE-16
Chlordane (alpha, gamma) 2E-15
Toxaphene 2E-15
Hazard Ouoticat

Barium 2E-11
Chromium II 4E-09
Chromium VI 4E-09
Manganese 2E-10
Mercury 3E-10

Dose/Risk Estimates — VOCs

Variable Unit
Intake Rate m ~ 3/br
Intake Duration hr/day
Exposure Period Days
Fract. Leeward Wind Factor

Intake Concentration mg/m "3
Intake/Exposure Period mg
Carcinogen Dose Rate  mg/kg/day
Non—-Carc. Dose Rate  mg/kg/day

EPA L.E.C.R.

Chloroform

Carbon Tetrachloride
Benzene
Dichloromethane

1,2- Dichlaroethane
1,1- Dichlaroethene
1,3-Dichlaropropene
1,1,2— Trichloroethane
Bromoform
Tetrachloroethene
Styrene

Vinyl Chloride

1,2- Dichlaroethane
1,2- Dichlaropropane
1,1,2,2— Tetrachloroethane
2—-Chloroethyl Ether
Hexachlorethane
Hexachlorobutadiene
2,4,6— Trichlorophenol
Hexachlorobenzene

Hazard Owoticat

1,1,1-Trichloroethane
Toluene
Dichloromethane
Xylenes

MEK

Bromomethane

Carbon Disulfide

1,1- Dichloroethane
Vinyl Acetate

1,3~ Dichlaropropene
Chlorobenzene
Ethylbenzene

1,4~ Dichlarobenzene
1,2- Dichlorobenzene
Nitrobenzene

1,2,4— Trichlorobenzene
Hexachlorocyclopent adiene

Parameter

5.04E-07
441E-03
247E-09
345E-08

2E-10
3E-10
7E-11
SE-12
2E-10
3E-09
3E-10
1E-10
1E-11
4E-12
SE-12
7E-11
2E-10
3E-10
SE-10
3E-09
3E-11
2E-10
3E-11
4E-09

1E-08
6E-08
4E-08
4E-07
4E~08
2E-06
1E-05
3E-08
6E-07
6E-06
TE-07
1E-07
2E-07
9E-08
6E-06
1E~06
2E-04




BEPA Threshold Levels LECR
Threshold Cone.

Radionuclides i

Uranium 233 & 234 1.05E+08

Uranium 235 1.13E+08

Uranium 238 1.18E+08

Americium 241 . 7.07E+07

Plutonium 239 & 240 6.90E+07

Tritium (gas)** 3.63E+13

Strontium 89 9.76E+11

Strontium 90 5.05E+10

Cesium 137 5.78E+10

Radium 226 9.43E+08

Radium 228 435E+09

Non—Radionuclides u;

Argenic 126E+07

Barium

Beryllium 151E+407

Cadmium 1.03E+08

Chromium I11

Chromium VI 1.54E+08

Manganese

Mercury

Hexachlarocyclohexane (alpha) 1.00E+08

Hexachlorocyclohexane (beta) 13.50E+08

Heptachlor | 140E+08

Heptachlor Epaxide 6.93E+07

Aldrin 3NEH7

Dieldrin 3.94E+08

DDT 1.85E+09

Chlordane (alpha, gamma) | 485E+08

Toxaphene 5.73E+08

VOCs & Semi—VOCs ug/g

Chioroform 5.00E+03

1,1,1-Trichloroethane

Carbon Tetrachloride 312E+03

Benzene ! 135E+04

Toluene

Dichloromethane 2.03E+05

Xylenes

MEK

1,2—-Dichloroethane 445E+03

Bromomethane

Carbon Disulfide

1,1-Dichloroethene 338E+22

1,1-Dichloroethane

Vinyl Acetate

1,3—-Dichloropropene 3.12E+03

1,1,2-Trichloroethane 711E403

Bromofarm 1.04E+05

Tetrachloroethene 225E+05

Chlorobenzene

Ethylbenzene

Styrene 2.03E+05

Vinyl Chlaride 140E+04

1,2-Dichloroethane 4.45E4+03

1,2—Dichioropropane 3.12E+03

1,1,2,2—Tetrachloroethane 2.03E+03

2—Chioroethyt Ether I 3.68E+02

1,4-Dichlorobenzene | '

1,2—-Dichlorobenzene

Nitrobenzene

Hexachloroethane 2.90E+04

1,24—Trichlorobenzene

Hexachlorobutadiene S520E+03

Hexachlarocyclopentadiene

2,4,6—Trichlorophenol 3.68E+04

Hexachlorobenzene 2.53E+02

4.50E+09

2.57E+07
2.5TE+07
5.13E+08

387E+08

8.69E+06

1.74E+06
2.61E+06
2.61E+05
2.61E+06

5. 79E+04
8.69E+03

2.90E+06

1.74E+05
1.74E+04

145E+05
8.69E+05

5.79E+05
1.16E+06
1.74E+04
8.69E+04

5.79E+02




DESCRIPTION: Therelationship for predicting fugitive dist emissions during topsoil removal
byscraper is on a par mass unit basis of soil removed.

Foar Respirable Fines < =15um
EHE(kg/Mg) = 0.019kg/Mg of Soil Removed (note 1)

Variable Unit Parameter
mmemssssosmoos=s=== =====a c=o=
A, Area Subject to Tops ol Removal m~2

D, Deptb of Topsoil Removal @

DT, Bulk Density of Soil Mg/m ~ 3

V, Volume of Tomoil to be Removed m~3

T, Total Period of R emoval br 7
MT, Total Mass of Topsoil Removed Mg 13293
VOC Total (note 2) T8 13293

Emissions at Source: (note 3)

Particulate Emissions from Source kg/Mg 1.90E -02
Non ~Radionuclide (solids) Emission Rate s 2.21E-07
Radionuclide Emasion Rate (note 4) pCis 1.10E-01
VOO Emssion Rate gs 1.16E-02

Note 1: Reference Memorandum from Tom Tistinic, Public Health Engineer, on Fugitive Particulate Embsions, July 2,
1984. Trough Colorado Department of Health, Air Pollution Control Division.

Note 2:V OCs are ssumed to be completely volatilized and emitted from the soil during the removal activity.

Note 3: Contaminant emissionrates are based on the d initial contami concentrations in the soil.

Note 4: Radionuclides are sssumed to be distributed only and homogeniously in the top 6 inch tayer ofsoil.

variablesrequiring input

Turners X/Q

Contaminant Dispers ion

Variable

Q1, Emission Rate — Non-Radionuclida
Q2, Emission Rate —~ Radionuclides

Q3, Emission Rate - VOGs

Unit Parameter Remark
ghec. 2.21E-07 Receptar @
pCikec. 1.10E-01 44km
gloec. 1.16E -02

Pi

Sigmay m Class D stability
Sigmaz -] ‘Class D stability|
Windspeed mAec

Contaminant Coacentrations st Fenceline

Non-Radionuclides mg/m "~ 3 6.76E-10

Radiomiclide pCiim~3 3.38E-07

VoG mg/m~3 3.56E ~05

Initial Concentrations of Contaminants in Soik at Source

Radionuclides (pCi/g) 1.00E +00

Non—-Rad'% (ug/g or ppm) 1.00E +00

VOGs (ug/g o« ppm) 1.00E +00

Target Threshold Risk
Target Threshold Hazard Index

1.00E -06
0.1




Intake Rate
Intake Duration
Exposure Period

Intake Concentration
Intake/Exposure Period

EPA LEC.R.

Uranium 233 & 234
Uranium 235
Uranium 238
Americium 241
Plutonium 239 & 240
Tritium (gas)**
Strontium 89
Strontium 90
Cesium 137
Radium 226
Radium 228

Fract. Leeward Wind Factor

pCi/m ~ 3
pCi

3.38E-07
296E-03

8E-11
7E-11
7E-11
1E-10
1E-10
2E-16
9E-15
2E-13
1E-13
9E-12
2E-12

Dose/Risk Estimates — Noa-— Radionuclides

Variable Unit Parameter
Intake Rate m ~ 3/br

Intake Duration hr/day

Exposure Period Days

Fract. Leeward Wind Factor

Intake Concentration mg/m ~3 6.76E- 10
Intake/Exposure Period mg 5.92E-06
Carcinogen Dose Rate  mg/kg/day 331E-12
Non—Carc. Dose Raste  mg/kg/day 4.64E-11
EPA L.E.C.R.

Arsenic 2E-10
Beryllium I 3E-11
Cadmium 2E-11
Chromium VI 1E~-11
a— Hexachlorocyclohexane 2E-11
B- Hexachlorocyclohexane 6E-12
Heptachlor 1IE-11
Heptachlor Epoxide 3E-11
Aldrin 6E-11
Dieldrin SE-12
DDT 1E-12
Chlordane (alpha, gamma) 4E-12
Toxaphene 4E-12
Hazard Ouwoticnt

Barium SE-08
Chromium IIT 8E-06
Chromium VI 8E-06
Manganese 4E-07
Mercury SE-07

Dose/Risk Estimates — VOCs

Variable Unit Parameter
Intake Rate m ~ 3/br

Intake Duration hr/day
"Exposure Period ™ Days

Fract. Leeward Wind Factor

Intake Concentration —mg/m "~ 3 3.56E-05
Intake/Exposure Period mg 3.12E-01
Carcinogen Dose Rate  mg/kg/day 1.74E-07
Non~Carc. Dose Rate  mg/kg/day 2.44E-06
EPA LE.CR.

Chloroform 1E-08
Carbon Tetrachloride 2E~08
Benzene SE-09
Dichloromethane - 3E-10
1,2- Dichlaroethane 2E-08
1,1- Dichloroethene 2E-07
1,3- Dichlaropropene 2E-08
1,1,2—Trichloroethane 1E-08
Bromoform 7E-10
Tetrachloroethene 3E-10
Styrene 3E-10
Vinyl Chloride SE-09
1,2- Dichlaroethane 2E-08
1,2—- Dichlaropropane 2E-08
1,1,2,2- Tetrachloroet hane 3E-08
2-Chloroethyl Ether 2E-07
Hexachlorethane 2E-09
Hexachlorobutadiene 1E-08
2,4,6— Trichlorophenol 2E-09
Hexachlorobenzene 3E-07
Hazard Ouoticat

1,1,1-Trichloroethane 8E-07
Toluene 4E-06
-Dichloromethane 3E-06
Xylenes 3E-05
MEK 3E-06
Bromomethane 1E-04
Carbon Disulfide 8E-04
1,1- Dichloroethane 2E-06
Vinyl Acetate 4E-05
1,3- Dichlaropropene 4E-04
Chlorobenzene SE-05
Ethylbenzene 8E-06
1,4- Dichlorobenzene 1E-05
1,2- Dichlorobenzene 6E-06
Nitrobenzene 4E-04
1,2,4—-Trichlorobenzene 8E-05
Hexachlorocyclopent adieme 1E-02




[TOPSOIL REMOVED BY SCRAFPER — ZONEC
EPAThreshold Levels

Radionuclides
Uranium 233 & 234
Uranium 235

Uranium 238
Americium 241
Plutonium 239 & 240
Tritium (gas)*®
Strontium 89

Strontium 90

Cesium 137

Radium 226

Radium 228
Non—Radionuclides
Arsenic

Barium

Beryllium

Cadmium

Chromium I11
Chromium VI
Manganese

Mercury
Hexachlarocyclohexane (alpha)
Hexachlarocyclohexane (beta)
Heptachior

Heptachlor Epaxide
Aldrin

Dieldrin

DDT

Chlordane (alpha, gamma)
Toxaphene

VOGCs & Semi—VOCs
Chloroform
1,1,1-Trichloroethane
Carbon Tetrachlaride
Benzene

Toluene
Dichloromethane
Xylenes

MEK
1,2—Dichloroethane
Bromomethane

Carbon Disulfide
1,1-Dichloroethene
1,1-Dichloroethane
Vinyl Acetate
1,3-Dichloropropene
1,1,2-Trichloroethane
Bromofam
Tetrachloroethene
Chlorobenzene
Ethylbenzene

Styrene

Vinyl Chlaride
1,2-Dichloroethane
1,2—Dichloropropane
1,1,2,2-Tetrachloroethane
2-Chloroethyl Ether
1,4-Dichlorobenzene
1,2-Dichlorobenzene
Nitrobenzene
Hexachloroethane
1,2,4—Trichlorobenzene
Hexachlorobutadiene
Hexachlarocyclopentadiene
2,4,6—Trichlorophenol

Hexachlarobenzene

LE.CR
Threshold Cone.

u

125E+04
1.35E+04
141E+04
8.4E+03
823E+03
4.33E+09
1.16E+08
6.03E+06
6.89E+06
1.13E+05
5.19E+05

6.04E+03

3.59E+M4
4.95E-+H04

7.36E+04

4.79E+04
1.68E+05
6.71E+04
332E+4
1.78E+04
1.89E+05
8.88E+05
2.32E+05
2.74E+05

7.08E+01

441E+401
1.91E+02

2.87E+03

6.30E+01

4.78E+00

441E+01
1.01E+02
147E+03
3.19E+03

2.87E+03

1.98E+02
6.30E+01
4.41E+01
2.87E+01
521E+00

4.10E+02
7.35E+01

521E+02
3.58E+00

HI
Threshold Conc.

uglp
2.16E+06

123E+04
123E+04
2.46E+05

1.85E+05

123E+05

2.46E+04
3.69E+04
3.69E+03
3.69E+04

8.19E+02
123E+02

4.10E+04

2.46E+03
2.46E+02

2.05E+03
123E+04

8.19E+03
1.64E+04
2.46E+02
123E+03

8.19E+00




DESCRIPTION: The equation for batch drop operations predicts emission factors based on particle size, = variables requiring input

silt content, windspeed, drop height, moisture content, and dumping device capacity.

- — Turners X/Q
Far Respirable Fines < =15um, K = 0.48 Contaminant Dpersion
EHE(kg/Mg) = K(0.0009)[(/5)(U/2.2)(H/L.5) M M/2) ~ A Y/4.6)~ .33] (noke 1) Variable Unit Parameter Remak
Variable : Unit Parameter Q1, Emission Rate — Non~Radionuclides ghec. 2.1TE~09 Receptar @
=ssssscocoooonss=n ==os= =m==s== Q2, Emission Rate ~ Radi lid pCihec. 1.09E-03 44km
s, Silt Content % ! Q3, Emission Rate - VOCs gheec. 0.00E +00
- U, Mean Wind Speed mh Pi 114
H, Drop Height m - Sigma y m Class D stability
M, Moisture Coantent _ % Sigmaz o Class Dstability|
Y, Bucket Capacity m~3 Wind speed - — wmAec ) 4.7
T, Total Period of Unloading br Contaminant Concentrations at Fenceline
D, Depth of Excavation — m - Non -Radionuclides mg/m*3 6.64E-12
- A, Area of Tomoil Removed m~2 Radionuclida © pCim~3 1NE-09
DT, Bulk Density of Soil Mg/m~3 VoG mg/m~3 " 0.00E +00
MT, Total Mass of Topsoil Mg - Initial Concentrations of Contaminants in Sois at Source
VOC Total(note 2) 8 ’
Radionuclides (pCi/g) 1.00E +00
Non-Rad’s (ug/g or ppm) 1.00E +00
; VOCs (ugfg ot ppm) 0.00E +00
Emissions at Source: (note 3)
Pardculate Emissions from Source : kg/Mg 1.87E -04 ' T
Non -Radionuclide (sotids) Emission Rate [ 2.17E-09
Radionuclide Emision Rate (note 4) pCis 1.09E-03
VOGO Emasion Rate gh \ 0.00E +00 - -
Target Thresbold Risk 1.00E -06
Note 1: Reference Memorandum from Tom Tistinic, Public Health Engineer, on Fugitive Particulate Emasions, July 2, Target Threshold Hazard Index 0.1 I

—_— 1984. Through Colorado Department of Health, Air Pollution Control Division. -
Note 2: V OCs are assumed to be completely volatilized and emitted from the soil during the removal byscraper activity.
Note 3: Contaminant emission rates are based on the d initial i ations in thesoil.

- - Note 4: Radi fides are ed to be distributed only and bomogeniowsly in the top 6 inch layer of soil.
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Radionuclides
Uranium 233 & 234
Uranium 235
Uranium 238
Americium 241
Plutonium 239 & 240
Tritium (gas)**
Strontium 89
Strontium 90
Cesium 137
Radium 226
Radium 228
Non—Radionuclides
Argenic

Barium

Beryllium
Cadmium
Chromium I1I
Chromium VI
Manganese
Mercury
Hexachlorocyclohexane (alpha)
Hexachlorocyclohexane (beta)
Heptachlor '
Heptachlor Epakide
Aldrin

Dieldrin

DDT ‘
Chlordane (alpha, gamma)
Toxaphene '
VOCs & Semi—VOCs
Chloroform '
1,1,1-Trichloroethane
Carbon Tetrachloride
Benzene

Toluene

Dichloromethane |
Xylenes

MEK

1,2-Dichloroethane
Bromomethane

Carbon Disulfide
1,1-Dichloroethene
1,1-Dichloroethane

Vinyl Acetate
1,3—-Dichloropropene
1,1,2-Trichloroethane
Bromofarm
Tetrachloroethene
Chlorobenzene
Ethylbenzene

Styrene

Vinyl Chloride
1,2-Dichloroethane
1,2—-Dichloropropane
1,1,2,2-Tetrachloroethane
2—Chloroethyl Ether
1,4-Dichlorobenzene
1,2-Dichlorobenzene
Nitrobenzene

.| Hexachloroethane

1,2,4-Trichlorobenzene
Hexachlorobutadiene
Hexachlorocyclopentadiene
2,4,6—Trichlorophenol
Hexachlorobenzene

BCifg
127E+06
137E+06
143E+06
8.59E+05
838E+05
441E+11
1.19E+10
6.14E+08
7.01E+08
1L1SE+07
529E+H07

6.15E+05

u
3.66ETP06
5.04E+06
7.50E+06

4.88E+06

HI
Threshold Cone.

1.71IE+07 -

6.83E+06
3.38E+06
1.81E+06
1.92E+07
9.04E+07
2.36E+07
2.79E+07

ug/g

NA

N/A

N/A

N/A

N/A

N/A

NA

N/A

N/A

N/A

N/A |

N/A

N/A

N/A

N/A

N/A

N/A

N/A

N/A

N/A

N/A

N/A

N/A

N/A

NA

N/A

N/A

N/A

N/A

N/A

NA

N/A

N/A

N/A

N/A

uglg
| NJA
N/A
N/A
N/A
N/A
N/A
NA
N/A
N/A
N/A
N/A
N/A

N/A
N/A
N/A
N/A
N/A
NA
N/A
N/A
N/A
N/A
N/A
NA
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A




DESCRIPTION: Therelationship for predicting fugitive dust emissions during topsoil transpartation = variablesrequiring input

byscraper is based on thessilt content of thesoil and the mean scraper wight.

Turners X/Q
Far Respirable Fines < =15um Cosntaminant Dipers ion
EHE(kg/V KT) =2.2E -6°(s) ~ 1.4*(W) ~ 2.5 (note 1) Variable Unit Parameter Remark
Variable Unit Parameter Q1, Emission Rate ~ Non-Radionuclide ghec. 1.16E-05 Receptar @
mmsssssa=o=ss=z=as mmm=s = Q2, Embsion Rate — Radionucfides pCikec. 2.34E +01 4.4km
A, Area Subject to Topsoll Removal m~2 Q3, Emission Rate - VOO gfsec. 0.00E +00
D, Depth of Tooil Removal m Pi
DT, Bulk Density of Soil . Mg/m~3 Sigmay m Class D stability
V, Volume of Topsoil to be Removed (Trams ported) m~3 Sigma z m Class D stability
T, Total Period of Transporting Wind speed mAcc
Total Number of Round Trips (Assumes Saraper Cap.=10.7m ~ 3) Contaminant Concentrations at Fenceline
s, Silt Content % Non -Radionuclides mg/m ™~ 3 3.56E-08
W, Mean Saaper Weight Mg Radionuclide pCiém~3 71.16E-~05
RT, Round Trip Distance km VoG mg/m~3 0.00E +00
MT, Total Mass of Topsoil Transparted Mg Initial Concentrations of Contaminants in Soik at Source
VOC Tots! 8
Radionuclides (pCi/g) 1.00E + 00
Non-Rad' (ug/g or ppm) 1.00E + 00
VOO (ug/g or ppm) 0.00E +00
Emissions at Source: (oote 3)
Particulate Emissions from Source kg/VKT 8.73E +00
Non—Radionuclide (solids) Emision Rate s’ 1.16E -05
Radionuclide Emasion Rate (note 4) pCis . 2.ME+01
VOGO Emésion Rate [ 0.00E +00
Target Threshold Risk 1.00E -06
Note 1: Refarence Memorandum from Tom Tistinic, Public Health Engincer, on Fugitive Particulate Emasions, July 2, Target Threshold Hazard Index 0.1

1984. Tirough Colorado Department of Health, Air Pollution Control Division.
Note 2: V OCs emiss ions are assumed to be negligable during this activity.
Note 3: Contaminant emissionrates are based on the d initial i ions in thesolil.
Note 4: Radi fides are ed to be distributed only and homogeniowsly in the top 6 inch layer ofsoil.

o



Intake Rate
Intake Duration
Exposure Period

Intake Concentration
Intake/Exposure Period

EPA LEC.R.

Uraniem 233 & 234
Uranium 235
Uranium 238
Americium 241
Plutonium 239 & 240
Tritium (gas)**
Strontium 89
Strontium 90
Cesium 137
Radium 226
Radium 228

Fract. Leeward Wind Factor

pCi/m ~3
pCi

7.16E-05
6.27E-01

Dose/Risk Estimates — Noa— Radioanclides

Variable Unit Parameter
Intake Rate m "~ 3/br

Intake Duration hr/day

Exposure Period —- Days

Fract. Leeward Wind Factor

Intake Concentration mg/m”~3 3.56E—-08
Intake/Exposure Period mg 3.12E-04
Carcinogen Dose Rate  mg/kg/day 1.75E-10
Non-—-Carc. Dose Rate  mg/kg/day 244E-09
EPA LEC.R.

Arsenic 9E-09
Beryllium 1E-09
Cadmium 1E-09
Chromium VI 7TE-10
a— Hexachlorocyclohexane ™ — 1E-09
B- Hexachlorocyclohexane 3E-10
Heptachlor S8E~10
Heptachlor Epoxide 2E-09
Aldrin 3E-09
Dieldrin 3E-10
DDT . 6E—-11
Chlordane (alpha, gamma) 2E-10
Toxaphene 2E-10
Hazaxd Quoticat

Barium - 2E-06
Chromium II1 4E-04
Chromium VI - 4E-04
Manganese 2E-05
Mercury 3E~-05

Dase/Risk Estimates ~ VOCs

Variable Unit
Intake Rate m "~ 3/br
Intake Duration hr/day
Exposure Period Days

Fract. Leeward Wind Factor

Intake Concentration mg/m "3
Intake/Exposure Period mg

Carcinogen Dose Rate  mg/kg/day
Non~Carc. Dose Rate  mg/kg/day

EFA LE.CR.

Chloroform

Carbon Tetrachloride

Benzene

Dichloromethane

1,2—- Dichlaroethane .
1,1- Dichlaroethene

1,3—- Dichlaropropene

1,1,2- Trichloroethane
Bromoform .~
Tetrachloroethene

Styrene —_

Vinyl Chloride

1,2- Dichlaroethane

1,2~ Dichlaropropane

1,1,2,2—- Tetrachloroethane - -
2-Chloroethyl Ether
Hexachlorethane
Hexachlorobutadiene

2,4,6~- Trichlorophenol
Hexachlorobenzene

Hazard Ouotieat

1,1,1- Trichloroethane
Toluene
Dichloromethane

“{Xylenes -

MEK

Bromomethane
Carbon Disulfide
1,1- Dichloroethane
Vinyl Acetate

1,3- Dichlaropropene
Chlorobenzene
Ethylbenzene

1,4- Dichliarobenzene
1,2- Dichlarobenzene
Nitrobenzene
1,2,4-Trichlorobenzene

“| Hexachlorocyclopent adiene

Parameter

0.00E +00
0.00E +00
0.00E+00
0.00E+00

OE+00
OE+00
OE +00
0E+00
0E+00
0E+00
0E+00
OE+00
0E +00
0E+00
OE +00
0E+00
OCE +00
O0E+00
0E+00
0E+00
OE+00
0E+00
0E+00
OE +00

0E+00
0E+00
OE +00
0E+00
0E+00
0E+00
0E+00
0E +00
0E +00
0E+00
0E+00
OE + 00
0E+00
0E +00
OE+00
OE +00
OE + 00




"TOPSOIL TRANSPORTATION BY SCRAPER - ZONECT

EPA Threshold Levels LECR
Threshold Cone.
Radionuclides
Uranium 233 & 234 5.90E+01
Uranium 235 6.38E+01
Uranium 238 6.64E+01
Americium 241 3.9E+01
Plutonium 239 & 240 3.89E+01
Tritium (gas)**® 2.04E+07
Strontium 89 5.50E+05
Strontium 90 2.85E+04
Cesium 137 325E+04
Radium 226 5.31E+02
Radium 228 2.45E+03
Noon—Radionuclides
Arsenic 1.15E+02
Barium
Beryllium 6.82E+02
Cadmium 9.39E+02
Chromium 111
Chromium VI 1.40E+03
Manganese
Mercury
Hexachlarocyclohexane (alpha) 9.09E+02
Hexachlarocyclohexane (beta) 3.18E+03
Heptachlor 127E+03
Heptachlor Epaxide 6.30E+02
Aldrin 3.37E+02
Dieldrin 3.58E+03
DDT 1.68E+04
Chlordane (alpha, gamma) 4.41E+03
Toxaphene 521E+03
VOCs & Semi—VOCs ug/g
Chloroform N/A
1,1,1-Trichloroethane N/A
Carbon Tetrachloride N/A
Benzene NA
Toluene N/A
Dichloromethane N/A
Xylenes NA
MEK NA
1,2—Dichloroethane N/A
Bromomethane N/A
Carbon Disulfide N/A
1,1-Dichloroethene N/A
1,1-Dichloroethane N/A
Vinyl Acetate N/A
1,3-Dichloropropene N/A
1,1,2—Trichloroethane N/A
Bromofam N/A
Tetrachlaroethene N/A
Chlorobenzene N/A
Ethylbenzene N/A
Styrene NA
Vinyl Chlcride N/A
1,2-Dichloroethane N/A
1,2-Dichloropropane N/A
1,1,2,2~Tetrachloroethane NA
2—Chloroethyl Ether N/A
1,4—Dichlorobenzene N/A
1,2—-Dichlorobenzene N/A
Nitrobenzene N/A
Hexachlaroethane N/A
1,2,4—Trichlorobenzene N/A
Hexachlarobutadiene N/A
Hexachlarocyclopentadiene N/A
2,4,6—Trichlorophenol N/A
Hexachlorobenzene N/A

HI
Threshold Cone.

ugfg
4.09E+04

2.33E+02
2.33E+02
4.66E+03

3.52E+03

ug/g
NA
N/A
N/A
N/A
N/A
N/A
NA
N/A
N/A
N/A
N/A
N/A
NA
N/A
N/A
NA
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
NA
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A




DESCRIPTION:

The equation for batch drop operations predicts emission factors based on particle size,

variables requiring input
silt content, windspeed, drop beight, moisture content, and dumping device capacity.

Note 1: Refarence Memorandum from Tom Tistinic, Public Health Engineer, on Fugitive Particulate Emisi

Juy2,

ON
Turners X/Q h
For Respirable Fines < =15um, K = 0.48 Contaminant Dispersion
EHE(kg/Mg) = K(0.0009)[(s/5)(U/2.2)(H/N.5)J(M/2) ~ 2 Y/4.6)~ .33] (note 1) Variable Unit Parameter Remark
ewsamEmssessesssecsa [y L
Variable Unit Parameter Q1, Emision Rate —~ Non—Radioniclide ghec. 291E-08 Recepta @
ExmssSmocssz=a=sScas cooms Q2, Emission Rate ~ Radi lid pCisec. 0.00E +00 4.4km
s, Silt Content % Q3, Emission Rate - VOCs plrec. 5.39E-02
U, Mean Wind Speed mA Pi )
H, Drop Height . m Sigmay m {ass D stability
M, Moisture Content % Sigma z m 1ass D stability|
Y, Bucket Capacity m”~3 Wind speed - mAec
T, Total Period of Excavation . 4 Contaminant Concentrations st Fenceline
V, Total Volume of Excavation m”~3 Non—-Radionuclides mg/m~ 3 8.90E ~11
DT, Bulk Density of Soil Mg/m~3 Radionuclides pCiim~3 0.00E +00
) VOO mg/m~3 1.65E -04
MT, Total Mass of Soil Mg 174600 Initial Concentrations of Contaminants in Soik at Source
VOC Total(note 2) g 174600
Radionuclides (pCi/g) 0.00E +00
Non-Rad$ (ug/g or ppm) 1.00E +00
VOG (up/g o ppm) 1.00E +00
Emissioms at Source: (note 3)
Par ticulate Emissions from Source kg/Mg 5.40E-04
Non-Radionuclide (solids) Emision Rate gh 291E-08
Radionuclide Embsion Rate (note 4) pCis 0.00E +00
VOO Emasion Rate [ 5.39E-02]_..

Target Tirasboid RbE
Tearget Threshold Hazard Index

1.00E —-06
0.1

1984. Through Colorado Department of Health, Air Pollution Control Division.
Note 2: V OCs are assumed to be completely volatilized and emitted from the soil during this activity.
Note 3: Contaminant emissionrates are based on the d initial cc concentrations in thesoil.
Note 4: Radi fides are d to be distributed only and homogeniowsly in the top 6 inch layer of soil.




MAJOR EXCAVATION BY FRONT SCHOVEL EXCAVATOR (BATCH DROP) — ZONEC

Dose/Risk Estimates — Radionuclides

Variable Unit
Intake Rate m " 3/br
Intake Duration hr/day
Exposure Period Days

Fract. Leeward Wind Factor

Intake Concentration
Intake/Exposure Period

pCi/m ~ 3
pCi

EPA LEC.R.

Uranium 233 & 234
Uranium 235
Uranium 238
Americium 241
Plutonium 239 & 240
Tritium (gas)**
Strontium 89
Strontium 90
Cesium 137
Radium 226
Radium 228

Parameter

0.00E +00
0.00E +00

O0E+00
OE +00
0E+00
OE + 00
0E+00
OE+00
OE +00
O0E+00
O0E+00
0E+00
OE +00

Dose/Risk Estimates — Noa— Radionuclides

Variable Unit

Intake Rate m "3/l

Intake Duration hr/day

Exposure Period Days

Fract. Leeward Wind Factor

Intake Concentration mg/m ™3 8.90E-11
Intake/Exposure Period mg 7.80E~-07
Carcinogen Dose Rate  mg/kg/day 4.36E-13
Non-Carc. Dose Rate  mg/kg/day 6.10E-12
EPA LE.C.R.

Arsenic 2E-11
Bayllium 4E-12
Cadmium 3E-12
Chromium VI 2E-12
a— Hexachlorocyclohexane . 3E-12
B— Hexachlorocyclohexane . 8E-13
Heptachlor 2E-12
Heptachlor Epoxide 4E-12
Aldrin TE-12
Dieldrin 7JE-13
DDT 1E-13
Chlordane (alpha, gamma) 6E-13
Toxaphene SE-13
Hazard Ouotjeat

Barium 6E-09
Chromium HI 1E-06
Chromium VI 1E-06
Manganese SE-08
Mercury 7E-08

Dose/Risk Estimates — VOCs

Variable Unit
Intake Rate m ~ 3/br
Intake Duration hr/day
Exposure Period Days

Fract. Leeward Wind Factor

Intake Concentration
Intake/Exposure Period mg
Carcinogen Dose Rate
Non-Carc. Dose Rate  mg/kg/day

EPA L.E.C.R.

Chloroform

Carbon Tetrachloride
Benzene
Dichloromethane

1,2- Dichlaroethane
1,1~ Dichloroethene
1,3- Dichloropropene
1,1,2— Trichloroethane
Bromoform
Tetrachloroethene
Styrene

Vinyl Chloride

1,2- Dichlaroethane
1,2- Dichlaropropane
1,1,2,2~ Tetrachloroet hane
2—Chloroethyl Ether
Hexachlorethane
Hexachlorobutadiene
2,4,6— Trichlorophenol
Hexachlorobenzene
Hazard Owotieat
1,1,1-Trichloroethane
Toluene
Dichloromethane
Xylenes

MEK

Bromomethane .
Carbon Disulfide

1,1- Dichlaroethane
Vinyl Acetate

1,3- Dichlaropropene
Chlorobenzene
Ethylbenzene

1,4- Dichlarobenzene
1,2- Dichlarobenzene
Nitrobenzene

1,2,4- Trichlorobenzene
Hexachlorocyclopent adiene

Parameter

1.65E~-04
1.44E+00
8.08E-07
1.13E-05

7E-08
1E-07
2E-08
2E-09
7E-08
1E-06
1E-07
SE-08
3E-09
1E-09
2E-09
2E-08
TE-08
1E-07
2E-07
9E-07
1E-08
6E-08
9E-09
1E-06

4E-06
2E-05
1E-05
1E-04
1E-05
6E-04
4E-03
1E-05
2E-04
2E-03
2E-04
4E-05
6E-05
3E-05
2E-03
4E~04
6E-02




- .

Radionuclides
Uranium 233 & 234
Uranium 235
Uranium 238
Americium 241
Plutonium 239 & 240
Tritium (gas)**
Strontium 89

" | Strontium 90

Cesium 137

Radium 226

Radium 228
Non—Radionuclides
Arsenic

Barium

Beryllium

Cadmium

Chromium I11
Chromium V1
Manganese

Mercury
Hexachlarocyclohexane (alpha)
Hexachlarocyciohexane (beta)
Heptachlor

Heptachlor Epaxide
Aldrin

Dieldrin

DDT

Chlardane (alpha, gamma)
Toxaphene

VOCs & Semi—VOCs
Chloroform
1,1,1-Trichloroethane
Carbon Tetrachlaride
Benzene

Toluene
Dichloromethane
Xylenes

MEK
1,2-Dichlorcethane
Bromomethane

Carbon Disulfide
1,1-Dichloroethene
1,1-Dichloroethane
Vinyl Acetate
1,3-Dichloropropene
1,12-Trichloroethane .
Bromofarm
Tetrachlaroethene
Chlorobenzene
Ethylbenzene

Styrene

Vinyl Chiaride
1,2-Dichloroethane
1,2-Dichloropropane
1,1,2,2—Tetrachloroethane
2—Chloroethyl Ether
1,4-Dichlorobenzene
1,2-Dichlorobenzene
Nitrobenzene
Hexachloroethane
1,2,4—Trichlorobenzene
Hexachlorobutadiene
Hexachlarocyclopentadiene
2,4,6—Trichlorophenol
Hexachlorobenzene

3.64E+05
127E+06
5.10E+05
2.52E+05
1.35E+05
1.43E+06
6.75E+06
1.76E+06
2.08E+06

uglg

1.53E+01

9.52E+00
4.13E+01

6.19E+02

1.36E+01

1.03E+00

9.52E+00
2.17E+01
317E+02
6.88E+H02

6.19E+02

427E+01.

1.36E+01
9.52E+00
6.19E+00
1.13E+00

8.84E+01
1.59E+01

113E+02
7.74E-01

1L.64E+H07

9.34E+04
9.34E+04
1.87E+06
141E+06

uglg
2.6SE+04

531E+03
7.96E+03 i
7.96E+02
7.96E+03

L.77TE+02
2.65E+01

8.84E+03

S31E+02
5.31E+01

4.42E+02
2.65E+03

1.77E+03
3.54E+03
5.31E+01
2.65SE+02

1.77E+00




ATTACHMENT A.3.6
OPERABLE UNIT 3 CALCULATIONS



DESCRIPTION:

HOLE DRILLING - 0U3

Far Resprrable Fines < =15um

EHE(kg/hole) = 0.25 (note 1)

Variable Unit Parameter
Sscocoosmassosoosos smome o=m=o==
D, Depth of Hale m

DI, Diameter of Hole o

DT, Butk Density of Soil Mg/m~3

T, Total Period of Hole Drilling br

MT, Total Mass of Soil Removed Mg 0.42
VOC Total(note 2) 8 0.42
Emissions at Source: (note 3)

Particulate Emissions from Source kg/hole 2.50E-01
Non -Radionuclide (solids) Emision Rate f7.] 6.94E -09
Radionuclide Emasion Rate (note 4) pCis 6.94E-03
VOO Emasion Rate gh 1.18E ~05

Note 1: Reference Memorandum from Tom Tistinic, Public Health Engineer, on Fugitive Particulate Emasions, July 2,
1984. Ttrough Colorado Department of Health, Ar Pollution Control Division.
Note 2: VOCs are ssumed to be completely volatifized and emitted during this activity.
Note 3: Contaminant emissionrates are based on the d initial i ations in thesoil.
Note 4: Radi fides are ed to be distributed only and homogeniouwsly in the top 6 inch laye of soil.

The equation for hole drilling predicts emisions on a per hole basis.

variables requiring input

Turners X/Q

Contaminant Dpersion

Variable

Q1, Embsion Rate ~ Non-Radionwclide
Q2, Emision Rate — Radionuclides

Q3, Emission Rate - VOGs

Unit Parameter Remark
ghec. 6.94E-09 Receptar @

pCikec. 6.94E-03 08km
gfeec. 1.18E -05

Pi

Sigmay m ‘Class D stability
Sigma z m Class D stability|
Wind speed mAec

Coataminant Concentrations at Fenceline

Non—Radionuclides mg/m~ 3 329E-10

Radionuclides pCim”™3 3.29E-07

VoG mg/m ~ 3 5.58E-07

Initial Concentrations of Contaminants in Soik at Source

Radiomuclides (pCi/g) 1.00E +00

Non-Rad’ (ug/g or ppm) 1.00E +00

VOGs (ug/g o ppm) 1.00E +00

Target Thresbold Risk
Target Threshold Hazard Index

1.00E -06
0.1




HOLE DRILLING - OU3
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Dose/Risk Estimates — Radionuclides

Variable Unit
Intake Rate m
Intake Duration hr/day
Exposure Period Days

Fract. Leeward Wind Factor

Intake Concentration pCi/m <3
Intake/Exposure Period pCi

EFPA L.EC.R,

Uranium 233 & 234
Uranium 235
Uranium 238
Americium 241
Plutonium 239 & 240
Tritium (gas)**
Strontium 89
Strontium 90
Cesium 137
Radium 226
Radium 228

Parameter

3.29E-07
2.88E-03

Dose/Risk Estimates — Noa— Radioasclides

Variable Unit Parameter
Intake Rate m " 3/lr
Intake Duration hr/day
Exposure Period Days
Fract. Leeward Wind Factor
Intake Concentration mg/m~ 3 3.29E-10
Intake/Exposure Period , mg 2.88E-06
Carcinogen Dose Rate m day 1.61E-12
Non-Carc. Dose Rste  mg/kg/day 2.26E-11
EPA L.E.C.R.
Arsenic 8E-11
Baryllium 1E-11
Cadmium 1E-11
Chromium VI 7E-12
a— Hexachlorocyclohexane “1E-11
B- Hexachlorocyclohexane 3E-12
Heptachlor TE-12
Heptachlor Epoxide 1E-11
Aldrin 3E-11
Dieldrin 3E-12
DDT SE-13
Chlordane (alpha, gamma) 2E-12
Toxaphene 2E-12
Hazard Ouoticat

| Barium 2E-08
Chromium ITI 4E-06
Chromium VI 4E-06
Manganese 2E-07
Mercury 3E-07

Dose/Risk Estimates —- VOCs

Variable Unit
Intake Rate m " 3/tr
Intake Duration hr/day
Exposure Period Days
Fract. Leeward Wind Factor

Intake Concentration mg/m”~3
Intake/Exposure Period mg
Carcinogen Dose Rate mg/kg/day
Non—Carc. Dose Rate  mg/kg/day
EPALECR. —
Chlorcform

Carbon Tetrachloride

Benzene

Dichloromethane

1,2- Dichlaroethane
1,1= Dichlaroethene
1,3~ Dichlaropropene
1,1,2-Trichloroethane
Bromoform
Tetrachloroethene
Styrene

Vinyl Chloride

1,2~ Dichlaroethane
1,2- Dichloropropane
1,1,2,2- Tetrachloroet hane
2-Chloroethyl Ether
Hexachlorethane
Hexachlorobutadiene
2,4,6— Trichlorophenol
Hexachlorobenzene

Hazard Quotient

1,1,1-Trichloroethane
Toluene
Dichloromethane
Xylenes

MEK

Bromomethane

Carbon Disulfide

1,1- Dichlaroethane
Vinyl Acetate

1,3- Dichlaropropene
Chlorobenzene
Ethylbenzene

1,4~ Dichlorobenzene
1,2— Dichlorobenzene
Nitrobenzene

1,2,4- Trichlorobenzene
Hexachlorocyclopent adiene

Parameter

5.58E-07
4.89E-03
2.73E-09
3.83E-08
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THOCE DRILLING — OU3
8

EPAThreshold Lovels

Radionuclides
Uranium 233 & 234
Uranium 235

Urapium 238
Americium 241
Plutonium 239 & 240
Tritium (gas)*®
Strontium 89

Strontium 90

Cesium 137

Radium 226

Radium 228
Non-—-Radionuclides
Argenic

Barium

Beryllium

Cadmium

Chromium I
Chromium VI
Manganese

Mercury :
Hexachlarocyclohexane (alpha)
Hexachlarocyclohexane (beta)
Heptachlor

Heptachlor Epaxide
Aldrin

Dieldrin

DDT

Chlordane (alpha, gamma)
Toxaphene

VOCs & Semi—VOCs
Chloroform
1,1,1-Trichloroethane
Carbon Tetrachloride
Benzene

Toluene
Dichloromethane
Xylenes

MEK
1,2-Dichloroethane
Bromomethane

Carbon Disulfide
1,1-Dichloroethene
1,1-Dichloroethane
Vinyl Acetate
1,3—-Dichloropropene
1,1,2-Trichloroethane
Bromofarm
Tetrachloroethene
Chlorobenzene
Ethylbenzene

Styrene

Vinyl Chlaride
1,2—Dichloroethane
1,2-Dichloropropane
1,1,2,2—Tetrachloroethane
2—-Chloroethyl Ether
1,4—-Dichlorobenzene
1,2—Dichlorobenzene
Nitrobenzene
Hexachloroethane
1,24—-Trichlorobenzene
Hexachlarobutadiene
Hexachlarocyclopentadiene
2,4,6—Trichlorophenol
Hexachlorobenzene

LECR

HI
Threshold Conc. Threshold Conc.

BCifg
128E+04
1.39E+04
145E+04
8.67E+03
8.46E+03
4.45E+09
120E+08
6.19E+06
7.08E+06
1.16E+05
534E+05

1.24E+04

7.39E-+04
1.02E+05

151E+H05

9.8SE+04
345E+05
1.38E+05
6.82E+04
365E+04
388E+05
1.RE+06
4.T7E+0S
S.64E+0S

up/g
4.52E+03

2.81E+03
122E+04

1.83E+05

4.02E+03

3.05E+02

281E+03
6.42E+03
9.38E+04
2.03E+05

1.83E+05
126E+04
4.02E+03
2.81E+03
1.83E+03
333E+02

2.61E+04
4.69E+03

333E+M4
2.29E+02

4.43E+06

2.53E+04
2.53E+04
5.05E+05
381E+H05

uglg
7.84E+06

1.57E+06
2.35E+06
2.35SE+05
2.35E+06

523E+04
7.84E+03

2.61E+H06

1.57E+05
1.57E+04

1.31E+05
_71.84E+05

523E+05
1.05SE+06
157E+04
7.84E+04

523E+H02




DESCRIPTION:

The equation for vehicle traffic pr edicts emissions bas ed on silt content, mean vehiclespeed,

weight and numba of wheeb, and the number of days with precipitation > = .254mm.

Far Resprable Fines < =10um, K = 0.45

EHE(kg/V KT) = K(1.7)(s/12)(S/48)(W/2.T) ~ . K w/4) ~ .5((365—-p)/365) (note 1)

Variable Unit
m=sooocososzsosooosso ==c==

s, Silt Content L3

S, Mean Vehicle Speed km/hr

W, Mean Vebicle Weight Mg

w, Mean Number of Wheek -
P, Days with Prec. > =0.254mm

T, Duration of Activity b

D, Total Vehicle Distance Travelled km

VOC Total(note 2)

Emissions at Source: (note 3)

Par ticulate Emissions from Source kg/km 9.48E —-01
Non-Radionucfide (solids) Emasion Rate gA 2.63E-07
Radionuclide Emssion Rate(note 4) pCis 2.63E-01
VOG Emasion Rate gh 0.00E +00

Note 1: Reference Memorandum from Tom Tistinic, Public Health Engineer, on Fugitive Particulate Emasions, July 2,
1984. Through Colorado Départment of Health, Air Pollution Control Division.

Note 2: VOCs emiss ions are assumed to be negligable for this activity.

Note 3: Contaminant emissionrates are based on the d initial i ations in the soil.

Note 4: Radi fides are d to be distributed only and homogeniowly in the top 6 inch layer of soil.

= variables requiring input

Turoers X/Q —

Contaminant Dspersion

Variable Unit Parameter Remark

LA L L IR N N R & 3 X 3 J h— - .. - .. - ...
Q1, Emision Rate ~ Non-Radionuclide ghec. 263JE-07 Receptar @
Q2, Emission Rate — Radi lid pCisec 2.63E-01 0.8km

Q3, Emigsion Rate ~ VOCs gfsec. 0.00E +00

Pi — 14

Sigmay Class D stability,
Sigmaz lass D stability
Wind speed mhec

Contaminant Concentratioms at Fenceline

Non—Radionuclides mg/m ™3 1.25E-08

Radionuclides pCVm~3 1.25E-05

VOO mg/m~3 0.00E +00

Initial Concentrations of Contaminants in Soib at Source

Radionuclides (pCi/g) 1.00E +00

Non-Rad’s (ug/g or ppm) 1.00E + 00

VOGs (ugh o ppm) 1.00E +00

Target Thresbold Risk
Target Threshold Hazard Index

1.00E-06
0.1
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Dose/Risk Estimates — Radionuclides

Variable Unit Parameter
Intake Rate m " 3/

Intake Duration hr/day

Exposure Period Days

Fract. Leeward Wind Factor

Intake Concentration pCi/m~3 1.25E-05
Intake/Exposure Period pCi 1.09E-01
EPA LE.CR.

Uranium 233 & 234 3E-09
Uranium 235 3E-09
Uranium 238 3E-09
Americium 241 4E-09
Plutonium 239 & 240 4E-09
Tritium (gas)** 9E-15
Strontium 89 3E-13
Strontium 90 6E~-12
Cesium 137 SE-12
Radium 226 3E-10
Radium 228 7E-11

Dose/Risk Estimates — Noa— Radionuclides

Variable Unit Parameter
1ntake Rate m "~ 3/

Intake Duration hr/day

Exposure Period Day

Fract. Leeward Wind Factor

Intake Concentration mg/m~3 1.25E-08
Intake/Exposure Period mg 1.09E-04
Carcinogen Dose Rate  mg/kg/day 6.11E-11
Non-Carc. Dose Rate  mg/kg/day 8.56E-10
EPA LEC.R.

Arsenic 3E-09
Beryllium SE-10
Cadmium 4E-10
Chromium VI 3E-10
a— Hexachlorocyclohexane 4E-10
B- Hexachlorocyclohexane 1E-~10
Heptachlor 3E-10
Heptachlor Epoxide 6E—-10
Aldrin 1IE-09
Dielrin - 1E-10
DDT 2E~11
Chlordane (alpha, gamma) 8E-11
Toxaphene TE-11
Hazard Ouotient

Barium 9E-07
Chromium III 2E-04
Chromium VI 2E-04
Manganese . 8E-06
Mercury 1E-05

Dose/Risk Estimates — VOCs

Variable Unit
Intake Rate m " 3/br
Intake Duration hr/day
Exposure Period Days
Fract. Leeward Wind Factor

Intake Concentration mg/m ~ 3
Intake/Exposure Period ‘mg

Carcinogen Dose Rate  mg/kg/day
Non~Carc. Dose Rate  mg/kg/day

EPA L.E.C.R.

Chloroform

Carbon Tetrachloride
Benzene
Dichloromethane

1,2~ Dichlaroéthane
1,1~ Dichiaroethene
1,3~ Dichloropropene
1,1,2— Trichloroethane
Bromoform
Tetrachloroethene
Styrene

Vinyl Chloride

1,2~ Dichlaroethane
1,2~ Dichlaropropane
1,1,2,2- Tetrachloroet hane
2-Chloroethyl Ether
Hexachlorethane
Hexachlorobutadiene
2,4,6—- Trichlorophenol
Hexachlorobenzene

Hazard Ouoticat

1,1,1- Trichloroethane
Toluene
Dichloromethane
Xylenes

MEK

Bromomethane

Carbon Disulfide

1,1- Dichlaroethane
Vinyl Acetate

1,3~ Dichlaropropene
Chlorobenzene
Ethylbenzene

1,4- Dichlaobenzene
1,2- Dichlarobenzene
Nitrobenzene

1,2,4— Trichlorobenzene
Hexachlorocyclopent adiene

Parameter

0.00E +00
0.00E +00
0.00E +00
0.00E +00

OE+00
O0E+00
OE +00
0E +00
0E+00
OE +00
0E+00
0E+00
0E +00
0E+00
0E+00
0E+00
OE + 00
OE+00
OE + 00
0E+00
0E+00
OE+00
0E+00
0E +00

0E +00
OE + 00
0E +00
0E+00
0E +00
0E+00
OE+00
0E+00
0E+00
OE +00
0E+00
OE +00
0E+00
OE+00
OE +00
OE +00
OE+00
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LECR Hl

Threshold Conc. Threshold Conc.
Radionuclides pCi/g
Uranium 233 & 234 3.39E+02
Uranium 235 3.66E+02
Uranium 238 381E+R2
Americium 241 229E+02
Plutonium 239 & 240 223E+02
Tritium (gas)** 1.17E+08
Strontium 89 3.15E+06
Strontium 90 1.63E+05
Cesium 137 1.87E+05 !
Radium 226 3.05E+03
Radium 228 141E+04
Non —Radionuclides ug/s ug/p
Argenic 327E+02
Barium 1.17E4+05
Beryllium - 195E+03
Cadmium X 2.68E+03
Chromium III I 6.66E+02
Chromium VI 3.9E+03 6.66E+02
Msnganese ! 1.33E+04
Mercury 1.01E+04
Hexachlorocyclohexane (alpha) 2.60E+03
Hexachlarocyclohexane (beta) 9.09E+03
Heptachlor 364E+03
Heptachlor Epaxide 1.80E+03
Aldrin ) | 9.63E+02
Dieldrin v ' LO2E+04
DDT 481E+04
Chlordane (alpha, gamma) 1.26E+04
Toxaphene 1.49E+04
VOCs & Semi—VOCs ug/g ug/g
Chloroform | NA N/A
1,1,1-Trichloroethane N/A N/A
Carbon Tetrachlaride NA N/A |
Benzene N/A N/A
Toluene N/A N/A
Dichloromethane N/A N/A
Xylenes NA N/A
MEK N/A ! N/A
1,2-Dichloroethane N/A N/A
Bromomethane N/A N/A
Carbon Disulfide | N/A N/A
1,1-Dichloroethene N/A N/A
1,1-Dichloroethane NA N/A
Vinyl Acetate N/A . NA
1,3-Dichloropropene N/A N/A
1,1,2—Trichloroethane NA N/A
Bromofam N/A N/A
Tetrachlaroethene N/A N/A
Chlorobenzene NA NA
Ethylbenzene N/A N/A
Styrene N/A N/A
Vinyl Chlaride N/A N/A
1,2-Dichloroethane N/A N/A
1,2-Dichloropropane ' N/A N/A
1,1,2,2-Tetrachloroethane N/A N/A
2—Chloroethyl Ether NA N/A : l
1,4-Dichlorobenzene N/A N/A |
1,2~Dichlorobenzene N/A N/A
Nitrobenzene N/A N/A
Hexachloroethane N/A N/A
1,2,4-Trichlorobenzene NA N/A
Hexachlarobutadiene N/A N/A
Hexachlorocyclopentadiene N/A NA
2,4,6—Trichlorophenol N/A N/A
Hexachlorobenzene N/A N/A

!




DESCRIPTION:

The equation for vehicle traffic predicts emissions bas ed onsilt content, mean vehkle;peed.
weight and number of wheeb, and the number of days with precipiation > = .254mm.

= variables requiring input

Far Respirable Fines < =10um, K = 0.45
EHE(kg/V KT) = K(1.7)(s/12)(S/48)(W/2.T) ~ A w/4) ~ .X(365-p)/365) (note 1)

Variable Unit
somsm==ssszasososss==s om=os
s, Silt Content %

S, Mean Vehicle Speed km/br
W, Mean V ehicle Weight Mg
w, Mean Number of Wheeb

P, Days with Prec. > =0.254mm

T, Dur ation of Activity br

D, Total V chicle Distance Travelled km

VOC Total (note 2)

Emissions st Source: (note 3)

Puticulate Emissions from Source kg/km
Non—Radionuclide (solids) Emission Rate gh
Radionuclide Emasion Rate(note 4) pCis
VOO Emasion Rate

Paxameter
1231 E-% 1

0.00

9.48E -01
2.63E-06
2.63E+00
0.00E +00

Turners X/Q

Contaminant Dapersion

Variable Uait Parameter Remark

L BT LRSS & 8 5 L X J - .- L L X X N E B X X E 5 N 2 X% 2 J
Q1, Emission Rate — Non-Radioniclide ghec. 2.63E-06 Recepta @
Q2, Emission Rate ~ Radi lid pCijec. 2.63E+00 0.8 km

Q3, Emission Rate - VOCs gfsec. 0.00E +00

Pi 3.14

Sigmay m Class D stability,
Sigma z m Clms D stability
Wind speed mhec

Contaminant Concentrations at Fenceline

Non -Radionuclides mg/m "3 147E-07

Radionuclides pCirm "3 1.47E-04

VoG mg/m~3 0.00E +00

Initial Concentrations of Contaminants in Soik at Source

Radiomclides (pCi/g) 1.00E +00

Non-Rad% (ug/g or ppm) 1.00E +00

VOO (ug/g o« ppm) 1.00E +00

Note 1: Reference Memorandum from Tom Tistinic, Public Health Engineer, on Fugitive Particulate Emasiors, July 2,
1984, Through Colorado Department of Health, Air Pollution Contro) Division.

Note 2: V OCs emiss ions are assumed to be negligable for this activity.

Note 3: Contaminant emissionrates are based on the d initial b

rations in thesoil.

Note 4: Radi fides are

d to be distributed only and homogeniously in the top 6 inch layer of soil.

Target Threshold Risk
Target Threshold Hazard Index

1.00E —06
0.1
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Dose/Risk Estimates — Radionuclides

Variable Unit Parameter
Intake Rate m~ 3/

Intake Duration hr/day

Exposure Period Days

Fract. Leeward Wind Factor

Intake Concentration pCi/m ~ 3 1.47E-04
Intake/Exposure Period pCi 1.28E+00
EPA L.E.C.R,

Uranium 233 & 234 3E-08
Uranium 235 3E-08
Uranium 238 3E-08
Americium 241 5E-08
Plutonium 239 & 240 SE-08
Tritium (gas)** 1E-13
Strontium 89 4E-12
Strontium 90 - TE-11
Cesium 137 6E~-11
Radium 226 4E-09
Radium 228 - 8E~-10

Dose/Risk Estimates — Noa— Radionuclides

Variable — Unit _Parameter
Intake Rate m ~ 3/br

Intake Duration hr/day

Exposure Period Days

Fract. Leeward Wind Factor

Intake Concentration mg/m ~3 1.47E-07
Intake/Exposure Period mg 1.28E-03
Carcinogen Dose Rate  mg/kg/day 7.18E~-10
Non—Carc. Dose Rate  mg/kg/day 1.01E-08
EFPA LLE.C.R.

Arsenic 4E—-08
Beryllium 6E-09
Cadmium 4E-09
Chromium VI 3E~-09
a— Hexachlorocyclohexane SE-09
B~ Hexachlorocyclohexane 1E~-09
Heptachlor — 3E-09
Heptachlor Epoxide 7E~-09
Aldrin 1E-08
Dieldrin 1E-09
DDT 2E-10
Chlordane (alpha, gamma) 9E-10
Toxaphene - 8E-10
Hazard Quotieat

Barium 1E-05
Chromium III 2E-03
Chromium VI 2E-03
Manganese 9E-05
Mercury 1E-04

Hazard Owotieat

Daose/Risk Estimates — VOCs

Variable Unit
Intake Rate m~ 3/
Intake Duration hr/day
Exposure Period —— Days
Fract. Leeward Wind Factor
Intake Concentration mg/m "~ 3
Intake/Exposure Period mg
Carcinogen Dose Rate  mg/kg/day
Non-Carc. Dose Rate  mg/kg/day

EPA L.E.C.R.

Chloroform

Carbon Tetrachloride
Benzene
Dichloromethane
1,2~ Dichlaroethane
1,1- Dichloroethene
1,3- Dichloropropene

] 1,1,2—Trichloroethane

Bromoform
Tetrachloroethene
Styrene

Vinyl Chloride -
1,2~ Dichiaroethane
1,2- Dichlaropropane
1,1,2,2- Tetrachloroet hane
2-Chloroethyl Ether
Hexachlorethane
Hexachlorobutadiene
2,4,6- Trichlorophenol
Hexachlorobenzene

1,1,1- Trichloroethane
Toluene
Dichloromethane
Xylenes

MEK

Bromomethane

Carbon Disulfide

1,1~ Dichlcroethane
Vinyl Acetate

1,3- Dichlaropropene
Chlorobenzene
Ethylbenzene

1,4- Dichlarobenzene
1,2- Dichlarobenzene
Nitrobenzene

1,2,4— Trichlorobenzene
Hexachlorocyclopent adiene

- 0E+00

Parameter

0.00E +00
0.00E+00
0.00E +00
0.00E+00 |

0E+00
OE+00
0E +00
0E+00
0E+00
0E+00
0E+00
0E+00
0E+00
OE+00
0E+00
0E+00
0E +00
0E+00
0E+00
0E +00
0E+00
0E+00
OE+00
OE+00

0E+00
0E+00
0E+00
0E+00
0E+00
O0E+00
0E+00
0E+00
0E+00
OE+00
OE+00

0E+00
OE+00
OE+00
0E+00
0E+00




icle Traftic — Hi 100 VK1 — OU3
8 LEB.CR HI

Threshold Conc. Threshold Conec.

Radionuclides pCifg

Uranium 233 & 234 2.88E+01

Uranium 235 3.11E+01

Uranium 238 324E+01

Americium 241 1.95E+01

Plutonium 239 & 240 1.90E+01

Tritium (gas)** 9.98E+06

Strontium 89 2.68E+05

Strontium 90 1.39E+4

Cesium 137 1.59E+04

Radium 226 2.60E+02

Radium 228 120E+03

Non—Radionuclides u uglp

Argenic 2.79E+01

Barium 995E+03

Beryllium 1.66E+02

Cadmium 228E+02

Chromium I11 5.67E+01

Chromium VI 3.40E+02 5.67E+01

Manganese 1.13E+03

Mercury 855E+02

Hexachlarocyclohexane (alpha) 2.21E+02

Hexachlarocyclohexane (beta) 7.74E+02

Heptachlor 3.09E+02

Heptachlor Epaxide 1.53E+02

Aldrin 8.19E+01

Dieldrin 8.70E+02

DDT 4.10E+03

Chlordane (alpha, gamma) 107E+03

Toxaphene 127E+03

VOCs & Semi—VOCs uglg ug/g

Chloroform N/A NA

1,1,1-Trichloroethane N/A N/A

Carbon Tetrachloride N/A N/A

Benzene N/A N/A

Toluene N/A N/A

Dichloromethane N/A N/A

Xylenes N/A N/A

MEK N/A N/A

1,2-Dichloroethane N/A N/A

Bromomethane N/A N/A

Carbon Disulfide N/A N/A

1,1-Dichloroethene N/A N/A

1,1-Dichloroethane NA NA

Vinyl Acetate N/A N/A

1,3-Dichloropropene N/A N/A

1,1,2-Trichloroethane N/A N/A

Bromofarm N/A N/A

Tetrachlaroethene N/A N/A

Chlorobenzene N/A NA

Ethylbenzene N/A N/A

Styrene N/A N/A

Vinyl Chlaride N/A N/A

1,2-Dichloroethane N/A N/A

1,2-Dichloropropane N/A N/A

1,1,2,2—Tetrachloroethane NA NA

2—-Chloroethyl Ether N/A NA

1,4-Dichlorobenzene N/A NA

1,2-Dichlorobenzene N/A N/A

Nitrobenzene N/A N/A

Hexachloroethane N/A N/A

1,24—Trichlorobenzene NA NA

Hexachlorobutadiene N/A N/A

Hexachlarocyclopentadiene N/A NA

2,4,6—Trichlorophenol N/A N/A

Hexachlorobenzene N/A N/A




APPENDIX 4
RISK CALCULATIONS
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A4.1 INTRODUCTION

The calculation of potential risks to human health involves combining the
results of the toxicity and exposure assessments. This provides numerical

quantification relative to the existence and magnitude of potential public health

_ concerns related to contamination generated by selected site remedial activities.

These numerical estimates are comparisons of exposure levels with appropriate
toxicity criteria (reference concentrations or doses) or estimates of the lifetime cancer
risks associated with a particular intake. Risk characterization also considers the
nature and weight of evidence supporting these risk estimates. Potential risks for
human health were calculated based on four "source to receptor" distances for the
activities discussed in Appendix 2. The sections that follow describe the calculation
of contaminant intakes, their respective health impacts, and the methodology

employed to accommodate contribution from multiple contaminants and sites.
A4.2 CALCULATION OF CONTAMINANT INTAKES

The calculation of contaminant intakes consists of estimating the magnitude,
frequency, duration, and route of exposure of contaminants to humans. The
magnitude of exposure is typically determined by measuring or estimating the amount
of a chemical available at "exchange boundaries" (e.g., the lungs) during some
specified time. Contact with the chemical may lead to absorption. The magnitude
of total absorption is a critical variable for the calculation of health risks.

Environmental fate and transport modeling was used to estimate chemical
concentrations in air at the point of contact with each receptor (see Appendix 3).
Contaminant exposure is expressed in terms of intake and defined as the amount of
a substance taken into the body per unit body weight per unit tilme. All non-

radiological intakes are expressed in units of milligram of contaminant per kilogram
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of body weight per day (mg/kg/day). Radiological intake and exposure is expressed

in total picocuries (pCi) inhaled. The receptor parameters used to evaluate the

intake of contaminants are shown in Table A.4-1. These values are representative

of an adult receptor located at the boundary of the Rocky Flats Plant. An example

of how these parameters are incorporatéd in the derivation of soil threshold levels

is given in Appendix| 3.

TABLE A.4-1 )
RECEPTOR PARAMETERS USED TO CALCULATE
CONTAMINANT INTAKES
Breathing Rate 1.2 m3/hr EPA, 1989
Intake Duration 10 hr/day Maximum daily duration of
remedial activities
Exposure Period 1825 days Total number of days in
which exposures occur
Fractional Leeward Wind 04 unitless Rocky Flats Environmental
Factor Report for 1989. EG&G
Averaging Time for 5 years Assumed calendar period of
Noncarcinogenic Chemicals exposure based on current
scenarios
Averaging Time for 70 years EPA, 1989
Carcinogenic Chemicals

'A.43 RECEPTOR IMPACTS

Health risks from inhalation exposure are calculated by combining the

chemical intake information with numerical indicators of toxicity. Toxicity assessment

is the process of characterizing the relationship between the dose or intake of a

substance and the potential for an adverse effect in the exposed population. Toxicity

A-4-2
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evaluation is divided into two general classes for purposés of establishing quantitative

indicators of toxicity: noncarcinogens and potential carcinogens.
A.43.1 Carcinogenic Impacts

Carcinogenic impacts were calculated for each of the principal contaminants
identified in Appendix 1, using the unit concentrations of PCs at the receptor
computed in Appendix 3, the intake parameters shown in Table A.4-1 and the cancer

potency slope factors shown in Table A.4-2.

Numerical estimates of cancer potency of hazardous chemicals are presented
as slope factors (SFs). Under the assumption of dose-response linearity at low doses,
the SF defines the cancer risk (excess chance of causing cancer over a lifetime) due
to continuous lifetime exposure to one unit of carcinogen (in units of risk per
mg/kg/day). Likewise the radiological SF defines cancer risk per unit intake of a
radionuclide (in units of risk per pCi). Calculation of cancer risk provides an upper-
bound estimate of health effects. Individual cancer risk has been calculated as the
product of exposure to a chemical (in mg/kg/day) or radionuclide (in pCi) and the SF
for that substance (in (mg/kg/day)? or (pCi)™?). Separate estimates of cancer risk are
calculated for each of the PCs. Each of these cancer risks are related to the
contaminant emissions from a unit concentration of that contaminant in soil during

a specific and discrete site activity.
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Table A4-2

Stope Factors and Reference Doses for Principal Contaminants

Principal Contaminants (PCs)

Radi lid
Uranium 233 & 234
Uranium 235

Uranium 238

Americium 241
Plutonium 239 & 240
Tritium

Strontium 89

Strontium 90

Cesium 137

Radium 226

Radium 228

Noa —Radi lid
Arsenic

Barium

Berylium

Cadmium

Chromium III
Chromium VI
Manganese

Mercury
Hexachlorocyclohexane (alpha)
Hexachlorocyclohexane (beta)
Heptachlor

Heptachlor Epoxide
Aldrin

Dieldrin

DDT

Chlordane (alpha, gamma)
Toxaphene
YOCs & Semj—VOCs
Chloroform
1,1,1-Trichloroethane
Carbon Tetrachloride
Benzene

Toluene
Dichloromethane
Xylenes

MEK
1,2-Dichloroethane
Bromomethane

Carbon Disulfide
1,1-Dichloroethene
1,1-Dichloroethane
Vinyl Acetate

1,3 - Dichloropropene
1,1,2-Trichloroethane
Bromoform
Tetrachloroethene
Chlorobenzene
Ethylbenzene

Styrene

Vinyl Chloride
1,2-Dichloroethane
1,2-Dichloropropane
1,1,2,2—-Tetrachloroethane
2-Chloroethyl Ether

1,4 —=Dichlorobenzene
1,2-Dichlorobenzene
Nitrobenzene
Hexachloroethane

1,2,4 - Trichlorobenzene
Hexachlorobutadiene
Hexachlorocyclopentadiene
2,4,6 - Trichlorophenol
Hexachlorobenzene

LECR
Slope Factors
(FCDZ -1
2.70E-08
2.50E-08
2.40E-08
4.00E—-08
4.10E-08
7.80E-14
290E-12
S.60E-11
4.90E-11
3.00E-09
6.50E-10
(mg/kg/day) = =1
5.00E+01

8.40E+00
6.10E+00

4.10E+00

6.30E+00
1.80E+00
4.50E+00
9.10E+00
1.70E+01
1.60E+00
3.40E-01
1.30E+00
1.10E+00

8.10E~02

1.30E-01
3.00E-02

2.00E-03

9.10E-02

1.20E+00

1.30E-01
5.70E-02
3.90E-03
1.80E-03

2.00E-03
290E-02
9.10E-02
1.30E-01
2.00E-01
1.10E+00

1.40E-02
7.80E-02

1.10E-02
1.60E+00

HI
Inh. RfC

(mglkg/day}

(mglkg/day)

1.00E-03

5.70E-06
5.70E-06
1.14E-04
8.60E-05

3.00E +00

6.00E-01
9.00E-01
9.00E-02
9.00E~-01

2.00E-02
3.00E-03

1.00E+00

6.00E-02
6.00E-03

5.00E-02
3.00E-01

2.00E-01
4.00E-01
6.00E-03
3.00E-02

2.00E-04




A.43.2 Noncarcinogenic Impacts

Non-carcinogenic impacts were calculated using the unit concentrations 6f PCs
at the receptor computed in Appendix 3, the intake parameters shown in Table A.4-
1, and the reference doses shown on Table A.4-2. Numerical estimates of
noncarcinogenic toxicity are presented as reference doses (RfD). The RfD is based
on the assumption that thresholds exist for certain noncancerous toxic effects (such
as cellular necrosis), but may not exist for other health effects such as cancer. In
general, the RfD is an estimate (with uncertainty spanning perhaps an order of
magnitude) of a daily exposure to the human population (including sensitive
subgroups) that is likely to be without an appreciable risk of deleterious effects

during a lifetime of exposure.

The calculated intake is divided by the RfD to yield the hazard index (HI).
If the estimated daily intake for any single chemical is greater than the RfD, the HI
will exceed unity indicating the potential for health effects. Separate hazard indices
are derived for each of the chemicals of concern. Each of these hazard indices are
related to the contaminant emissions from a unit concentration of a contaminant in

soil during a specific and discrete site activity.
A.4.4 MULTIPLE CONTAMINANT/SITE APPROACH

In calculating soil threshold concentrations based on inhalation risk, a
consistent approach has been adopted to accommodate the potential for risk
contribution from multiple contaminants and/or multiple sites. The goal is to
calculate soil threshold concentrations which can be implemented without regard to
the number of contaminants involved or cognizance of concurrent activities at other
|operable units. In order to achieve this goal, a level of conservatism has been

introduced to the process.
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For non-carcinogenic contaminants, individual soil threshold values are
calculated to yield a hazard index of 0.1 As stated in the National Contingency Plan
(40 CFR Part 300), "For systemic toxicants, acceptable exposure levels shall represent
concentration levels to which the human population, including sensitive subgroups,
may be exposed without adverse effect during a lifetime or part of a lifetime,
incorporating an adequate margin of safety.” A hazard index of 0.1 is a factor of ten
below the level which has the potential for adverse toxicological impacts. A factor

of ten is believed to be an adequate margin of safety.

For carcinogenic contaminants, individual soil threshold values are calculated
to yield a carcinogenic risk of 10 As stated in 40 CFR Part 300, "For known or
suspected carcinogens, acceptable exposure levels are generally concentration levels
that represent an excess upper bound lifetime cancer risk to an individual of between
10* and 10 using information on the relationship between dose and response. The
10° risk level shall be used as the point of departure for. . . multiple contaminants

at a site or multiple pathways of exposure."

Two other sources of guidance are potentially relevant for determining a

specified lifetime excess cancer risk. These are:

The National Oil and Hazardous Substances Pollution Contingency; Plan Final
Rule (FR 8667, March 8, 1990, ak.a the National Contingency Plan [NCP])

guides EPA to consider a range between 10* and 10 as an acceptable
lifetime excess cancer risk (LECR) under CERCLA.

OSWER Directive 9360.1-01, Interim Final Guidance on Removal Action

Levels at Contaminated Drinking Water Sites (EPA, October 1987) guides
EPA to consider an LECR of 10 as the benchmark at which the Agency is

required to provide an alternate water supply.
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Therefore, calculation of soil threshold concentrations at a hazard index of 0.1
or the 10 risk level is adequately health protective to accommodate the potential for

risk contribution from multiple contaminants and/or multiple sites.
A4.5 UNCERTAINTIES AND IMPACTS ON RISK CALCULATIONS

Besides the possibility of contributions from multiple sites and/or
contaminants, there are other sources of uncertainty in the risk based derivation of
the soil threshold levels. These uncertainties have been taken into consideration by

maximizing the potential impacts, rather than assuming an average impact.
| g

The, 'sources of emissions (i.e., from excavation, drilling, vehicular t'rafﬁc)
where calculated assuming maximum probable parameters. For examplé, vehicle
weight used in the formula to estimate emissions from light or heavy traffic is
assumed to be at maximum loading. However, the vehicle may not'always be
carrying a full load, thus reducing the actual amount of dust emitted (and therefore,

the off-site contaminant concentrations).

The activities (and intakes) are assumed to take place 10 hours a day every
day for five years. It is more likely that the work will occur over a fraction of this
period. In addition, different activities at each site (such as excavation and vehicular
traffic) will result in different rates of emission. However, the soil threshold limit will

be selected based on the activity emitting the most dust.

The dispersion formula used to estimate the transport of contaminants to the
receptor is conservative since it does not take into account deposition of particulates
from the plume or other contaminant removal mechanisms. In addition, the distance
to the receptor will in most cases be undere’ét%mated, resulting in an overestimate of

the concentration at the receptor location.
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The potential receptor is assumed to be at the site boundary at all times
during which the work activities are occurring (every day for five years). The

.exposure scenario does not take into consideration the fact that the receptor may not

always remain at the same location. The receptor may be indoors, away from home,

or may have relocated permanently during the five year period.

All potential carcinogens are treated as known (Group A) human carcinogens,

whereas many are actually lower rank carcinogens which have been shown to cause
cancer in animals but not in humans. It is possible that some of these are not human
carcinogens. Non-carcinogens are assumed to affect the same organs for additivity.
However, an organ affected by one substance may not be affected by a different
substance.

All the above considerations compound the margin of safety inherent in the
assumptions made in Section A.4.4. Therefore, it is very likely that the risks from the
activities considered in this PPCD will be significantly lower than the levels that form
the basis for the soil threshold levels.

A.4.6 REFERENCES
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AS.1 INTRODUCTION

Soil threshold levels have been calculated for each of the principal
contaminants (PCs) that were screened in Appendix 1 and for each of four receptor
distances. The calculation of soil threshold levels involves a correlation of emission

factors and atmospheric dispersion with the risk values established in Appendix 4.
A.5.2 DOSIMETRIC/RISK PERFORMANCE OBJECTIVE

Calculation of soil threshold levels requires the selection of a risk-based
performance objective which is acceptable considering potential contributions from
multiple contaminants and/or multiple sites. As discussed in Appendix 4, soil
threshold concentrations have been calculated at a hazard index of 0.1 or the 10° risk

level to the public.
A.53 CALCULATION OF SOIL THRESHOLD CONCENTRATIONS

The calculation of soil threshold concentration uses the receptor risk values
calculated in Appendix 4, normalized to the 0.1 hazard index or 10 risk level. These
soil threshold levels take into account the different emission rates resulting from the
various activities considered (drilling, excavation, traffic, etc.). These threshold levels
also take into account the dilution in airborne concentrations from the source to the
receptor by application of Turner’s equation for atmospheric dispersion. This is done
by back-calculating from the end result (limiting off-site airborne concentrations) to
the source of this concentration (emission of contaminated soil by mechanical
activity). Back-calculation is commonly employed in the CERCLA/SARA and RCRA
process for establishing acceptable concentrations of contaminants in virtually all

media. The technique is also widely used in other environmental-regulatory programs
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(NESHAPS, establishing discharge limits under NPDES regulations, etc.). This
technique can best be illustrated by the following example.

A.5.4 EXAMPLE OF CALCULATION

The first step in the calculation of soil threshold levels begins with an
assessment of the concentration of the contaminant in air that would result in a
lifetime excess cancer risk (LECR) of 10 for carcinogens or a Hazard Index of 0.1
for non-carcinogens. Since the majority of the principal contaminants are
carcinogens, the example will be based on beryllium. The major difference between
carcinogens and non-carcinogens is that the risk is spread out over 70 years for the
former, but the dose is distributed over 5 years (the period of work activities assumed
in the PPCD) for the latter.

From Table A.4-2, the slope factor for beryllium is listed as 8.4 per mg/kg/day.
For a 70 kg individual, this converts to 0.12 per mg/day. Therefore, the individual
cannot inhale more than 8.3 x 10 mg/day for the LECR not to exceed 10%. The
exposure is assumed to occur over 5 years (or 1825 days), but the risk is averaged
over 70 years resulting in a total limiting inhaled mass of 0.21 mg beryllium. From
Table A.4-1, the receptor is assumed to inhale 1.2 m3ﬂu of air during the exposure
period (10 hr/day for 1825 days), for a total of 22,000 m®>. However, the wind is
assumed to blow in the direction of the receptor 40 percent of the time. Thus, the
volume of potentially contaminated air inhaled by the receptor is assumed to be 8,800
m>. Therefore, the average concentration of beryllium in this air must not exceed 2.4
x 10° mg/m>. This is the number listed in Table A.7-3 for beryllium and does not

depend on the location or type of activity that results in this release.

To assess the release rate of beryllium that would result in the above

concentration at the receptor location, atmospheric dispersion must be taken into
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account. In this example, it is assumed that the activity causing the release occurs in

Zone B, assumed to be 2.9 km from the receptor location on the site boundary. The

lateral and vertical dispersion factors for Turner’s Equation are 182 m and 64 m,

respectively (Table A.3-1). The average windspeed was estimated to be 4.7 m/sec.

These factors are multiplied together with the number pi to obtain 1.7 x 10° m%sec
(see Turner’s Equation, Section A.3.2 in Appendix 3). This number is then multiplied

by the limiting concentration, 2.4 x 10 mg/m>, to obtain the maximum allowable

release rate of the contaminant, 4.2 mg/sec (or 4200 ug/sec).

Assuming that the activity under consideration is drilling, the estimated release
rate of dust is 0.25 kg per well over 10 hours (see Section A.2.2 in Appendix 2).
Converting to seconds and grams, this is 0.007 g/sec of dust.

The beryllium soil threshold level for drilling in Zone B is obtained by dividing
the limiting contaminant release rate by the estimated dust emission rate. In this
example, the result is 6 x 10° ug/g as shown in the Zone B Table in Attachment
AS.1 |

|
t

Similar mathematics are involved in deriving all the other soil threshold levels

for each contaminant, activity and zone considered.
A.5.5 TABULATION OF SOIL THRESHOLD LEVELS

The calculated threshold soil concentration for each of the receptor distances
(0.5 km, 1.6 km, 2.9 km and 4.4 km, corresponding to Zones A, B, C, and OU-3,
respectively) are shown in Attachment A.5.1. The tables in this attachment

summarize the soil threshold levels calculated based on the activities described in

~ Appendix 2. The actual calculations were performed as part of the Zones A, B and

C and Operable Unit 3 calculations in Appendix 3. For chemicals with both
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carcinogenic and noncarcinogenic quantified threshold calculations, the more limiting
(lower concentration) will be applied. Threshold values exceeding 10° ug/g indicate
that under the assumed site conditions (i.e., nature of activity, soil moisture, wind
speed, etc.), the benchmark risk to an off-site receptor will never be exceeded. This
is due to the fact that the concentration of a contaminant is unable to exceed 10°
ug/g; thus, the soil threshold level will not be reached.
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ATTACHMENT A.5.1

SOIL THRESHOLD LEVELS -
ZONES A, B, C & OU3

Summary of Calculations in
Attachments A.3.3 through A.3.6 to Appendix 3



SOIL THRESHOLD LEVELS - ZONE A

ACTIVITY

SCRAPE!

iNitrobenzene

2.23E+07

267E+03

R ATEAOT.

ZSIE+07

3 OlE+03

6. 185+04

TE+03

4.66E+03

1. 131=.+o7'

1.08E+02

1. 31E+05

ST+ 03

S AE+02

36E+05

8_36E+04

8TE+

2_20E+02

_A4.56E+05_ —

1 21E+05

95 #0.
3.18E+02

28E 406

3:38E+03

3. 86E+05

B:10E+06:1

THE o5

6.04E +06

1.93E+07

T:38E+00

1.59E+04

=300 E+006

TE+0):]

1.87E+06

5.86E+04

597E+406

445E+05

1.49E +04

3 27EfﬁT

£ 2:59E+07

1.51E+01

9.31E+03

JE#03:]
3.03E +00

4:03E+04

BIEF0D.

5.19E+06

6:.05E+05:]

1.13E+03

32EH02:)

J8E +05

8E+06

1.70E+02

.33E+04

5 50E+04

.8GE+03

O1E+03

TR0

65E +06

6. 19E+05

R paeno
Hexachlorobenzene

T3CE+02

S ITE+01

N/A

NOTE: Threshold values exceeding 1E06 ug/g indicate that under the assumed site conditions (i.e., nature of activity, soil moisture, wind speed, etc.),

N

the acceptable risk to an off —site receptor will never be exceeded. This is due to the fact that the concentration of a contaminant can never exceed 1E06 ug/g;
thus, the soil threshold level will never be reached.




SOIL THRESHOLD LEVELS - ZONE B
ACTIVITY

: ranium 233 & 234

3.69E+08 1. 7lE+04
603EA 06| BOE40
2.78E+07 1.29E+03
15_E+03
: 5 : SE+0 B § b
Chromium III 2. 04E+05 6. 47E+03 6. 58E+05
K T 0AR A0 3 BE+03. S¥02.] BB+ T BATEADS: OO E+0Y,

4.07E+06 | 1. 0 - 29E+05
= RIY B Ry 04 R B -76 z

SI8E 30E#04: ; 4E+08 E+04; I8k TEH +0J:
1. llE+06 . . . 2.68E +05

: o -02:):::1:33E 405
3. 94E+05 T3IE+03 3. 345+03 9.31E+05 7.10E+04

2E#06 i33 5 8:33E+03 07 0 S3E+ 1E+07 ¥ S4E+05
147E+07 3. 97}3+o4 3. 67E+05 4.6TE+07 3.535E+06
4.54E+06 . X . ] TOE.+06

3GAET04
632E+0’ 4 } TE+06: 4TE+04: N/ :N/2 ‘24013 K044
2.27E+04 ; ; 3.01E+00

2 i N TEF ; TIEFDL
1. 26£+o7 2T9E+03

233E+402
;A0E 4037

3.26E+07

R EEOL
1. 16E+00

T4TE+04
T68E+03"
4.21E+06
SAZEF06 - % 03 : SOE 03
1.26E+05 279E+01
ZUE+05 [ N AL 2E+ : * At NTAS 465K +01]
6.32E +05 . Y 1 40F.+02

4 phenocl 2. g N 7 B 4TE+02: : f 9 i
Hexachlorobenzene 84E+03 , 1 33E+02 K 4. 07E—01

NOTE: Threshold values exceeding 1E06 ug/g indicate that under the assumed site conditions (i.e., nature of activity, soil moisture, wind speed, etc.),
the acceptable risk to an off —site receptor will never be exceeded. This is due to the fact that the concentration of a contaminant can never exceed 1E06 ug/g:

thus, the soil threshold level will never be reached.




SOIL THRESHOLD LEVELS - ZONEC

ACTIVITY

ING

CRAPER

201E+05

1. 27E+06

143E+0€

6. 90E+07A

7'01E+os

E 407
29E+07

2. 4SE+03

.1SE+05

1.1SE+02

20E#08:

OIE +0

3 OZE+03

SE+03

3 66E+06

1 03E+03

1 SETT

6:30E+02:

T3E 05

3.37E402

SSE+0!

43E+06:

1.68E+04

441E+05]

6.75E+06

3.73E 408

5.21E+03

5.00E+03

= 86IEAD6:

3.12E403

2"46E 0%

09E+05

235+06

‘Hexachlorobenzene

38E+00

NOTE: Threshold values exceeding 1E06 ug/g indicate that under the assumed site conditions (j.e., nature of activity, soil moisture, wind speed, etc.),

the acceptable risk to an off —site receptor will never be exceeded. This is due to the fact that the concentration of a contaminant can never exceed 1E06 ug/g;

thus, the soil threshold level will never be reached.




SOIL THRESHOLD LEVELS — OPERABLE UNIT 3
ACTIVITY

PCs

3.39E+402

2 68E +05
3 ROE+04
1 87E+05 1 59E+04
BOSEF03.1 25
141E+04 | 1 2ox~:+03

2.79E+01

ha ) QSE+03
_ 1. 9SE+03 1.66E+02
i IO S5 E T3]
Chromium III 6.66E+02
¥ SIER GOEX0Z:

S.GAE+05

‘ 52E+O3

1.31E+03
45405
183E+05

P %
Hexachlorobenzcne 2. 29E+02

NOTE: Threshold values excée ding 1E06 ug/g indicate that under the assumed site conditions (i.e., nature of activity, soil moisture, wind speed, etc.),
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A.6.1 INTRODUCTION

This appendix discusses the measures that can be used to control the dust and
vapors which may be produced during remedial investigations in work areas classified
as Stage 2 at RFP. The measures will be summarized here since they have been
described in detail in various EPA publications, particularly the Dust Control
Handbook (EPA 1985). A two step process was used to identify control measures.
First, the control measures which are commonly used (or logically could be used) for
the activities involved in a remedial investigation were evaluated by reviewing the
literature and interviewing RFP personnel. During this process, unproven
technologies and control technologies incompatible with the operations being
performed were eliminated from consideration. For example, use of a protective
enclosure for a roadway and use of vacuum truck to decontaminate topsoil were
ruled out. The second step of the process was to evaluate or rank the control
measures which are technologically feasible for each dust or vapor producing activity,

e.g., excavation, well drilling, etc.

The methods of control were first ranked in terms of effectiveness and their
implementability. Each measure was scored on a scale of 0-4, with 4 being the
highest, for each of the two attributes. Cost considerations were only applied as a
tie-breaker. This screening process parallels EPA RI/FS guidance (Guidance for
Conducting Remedial Investigations and Feasibility Studies under CERCLA, EPA
1988, OSWER Directive 9355.3-01). The scoring system is shown in Table A.6-1.
Quantitative data were used as the basis of the rating, when they were available.
However, for implementability and where quantitative data were not available, a
reasonable judgement and/or qualitative descriptions from other studies were used.
The scores for effectiveness and implementability for each control measure were

added, with equal weight given to each, to determine the preferred method of
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control. A score of zero in any category eliminated the control from consideration

for the activity being investigated.

TABLE A.6-1

SCORING SYSTEM FOR RATING CONTROL MEASURES

There are a number of good operational practices which should be

__—-_*_——__w
SCORE EFFECTIVENESS IMPLEMENTABILITY
4 Highly effective Easily implemented
3 Very effective | Impleméqtab]e with some
| difficulty |
2 Less effective Implementabie with xlnajor
difficulty
1 Not very effective :Implementable only with
extreme difficulty
0 Ineffective or not suited to Impossibllle to i}nplement for this
application . application

A.6.2 GENERAL CONTROL MEASURES

implemented for dust control at Stage 2 contaminated sites. These principles should

be adhered to whenever possible and therefore are not considered below as

alternatives. The following list of practices follow the Construction Dust Suppression

Feasibility Study (Engineering-Science 1990) with some additions. These operational

practices will be implemented to the extent practicable on any Stage 2 activity at RFP

by the Project Manager.

Minimize the number of times contaminated soil is moved or disturbed.

Minimize the land surface area which is disturbed or cleared.
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. Proceed expeditiously once work is initiated.

. Protect the vegetative cover outside the construction area and restore
vegetation in the area upon completion of construction activities.

. Minimize vehicle and equipment movement in the construction zone. .

. Wheeled vehicles are preferred over tracked vehicles for dust
minimization. ‘

. Low profile activities, such as pushing or grading, are preferred over

batch drop or dumping operations.

. Minimize mud and dirt carryout from construction sites to paved roads
as a matter of good housekeeping. For example, muddy areas should
be regraded or graveled.

. Limit vehicle traffic on unpaved roads.

. Speed on unpaved roads should be controlled.

A.63 DUST PRODUCING ACTIVITIES
DURING REMEDIAL INVESTIGATIONS

Several dust producing activities are expected to occur at RFP during remedial

investigation activities.
A.63.1 Major Excavations

These are large construction projects in which various types of earthmoving
equipment are used and multiple operations are necessary to accomplish the
excavation. An example is the french drain installation for the 881 Hillside Phase II-
B Interim Remedial Action Project which will'in\Tolve the following dust producing

activities (Engineering-Science 1990):
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. The top twelve inches of soil in the french drain trench area will
be removed for temporary storage in a low covered pile.

. The topsoil from the influent collection trench associated with
the french drain will be removed and placed in a low covered
pile.

. The balance (below topsoil) of the french drain trench and the
’ influent collection trench will then be dug and only conventional
dust control measures implemented.

A.63.2 Minor Excavations

These are typically short-term (1-3 day) projects in which only relatively small
amounts of dirt are moved in a limited area. The prime example of this type of
excavation is the test pit. Test pits are prepared by removing the first six inches of

| soil with a backhoe. This soil, which could be contaminated, is then stored in a
covered pile. A pit 7 feet long, 5 feet wide, and 4 feet deep is then excavated by the
backhoe. This operation is a material drop with no transportation of contaminated
material, and it should be completed in one day, resulting in only a few trips by

vehicles over potentially contaminated areas.
A.63.3 Drilling

This activity consists of drilling test wells or monitoring wells in potentially
contaminated areas, using a hollow-stem auger tcéhnique. The auger is removed and
core samples are normally taken at six foot intervals. Once the drilling equipment
is in place, only light vehicle traffic will cross contaminated areas. Contaminated drill

cuttings may be placed in drums for disposal.

|
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A.63.4 Unpaved Roadways

Traffic over potentially contaminated roadways is expected to increase during
remediation activities . The traffic may be either characterized as heavy or light in

frequency. Light vehicular traffic is associated with minor excavations.
A.64 DUST CONTROL MEASURES

The following section discusses various control measures for the dust
producing activities and indicates how the measures were selected. The measures

considered for each activity are summarized in Table A.6-2.
A.6.4.1 Major Excavations (Interim Remedial Actions)

The dust control methods rated for their effectiveness and implementability
for major excavations were: area spray with water, area spray with a water-surfactant
mixture, chemical dust suppressants (including foam), spray curtain, windscreen, and
containment structures. The emissions from heavy vehicle traffic are covered in a
separate section for unpaved roads. The emission sources considered in this section

are digging and material drop.

(1)  Area Spraying with Water. This method involves wetting the area prior
to excavation and wetting frequently as new soil is exposed. A study done in 1984
showed efficiencies for area spraying in the range of 62-70 percent for fine

particulates during either traveling and scraping or dumping operations (EPA 1985).
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TABLE A.6-2
PREVENTIVE MEASURES CONSIDERED FOR VARIOUS ACTIVITIES
Preventive Major Minor Drilling Unpaved
Measures Excavations Excavations Roads
(IRAs) (Test Pits)
Area Spraying X X X X
with Water
Area Spraying - X X X X
with Water/
Surfactant
Chemical Dust X X X X
Suppressants
Spray X X Not Applicable Not
Curtains Applicable
Windscreens X X X Not
Applicable
Containment X X Not Applicable Not
Structure Applicable
Paving Not Applicable | Not Applicable | Not Applicable X
it

Therefore, area spraying with water was rated "very effective." Since this measure

is commonly employed at construction sites and wetting can be performed with

readily available equipment (water truck) and materials, a rating of "easily

implemented" was assigned. In the recently completed 881 Hillside construction

project, area spraying was successfully employed as a dust control measure. The total

for this control method was 7 points.

(2)  Area Spraying with a Water-Surfactant Mixture. Surfactants, such as

soaps, detergents, and various commercial products, reduce the surface tension of

water and allow better penetration. Theoretically the use of water with a surfactant
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should increase the efficiency of the treatment over water alone; but, since the
primary purpose of the surfactant is to reduce water consumption, both treatments
are considered to be "very effective." Wetting can be performed with the same
available equipment as with water spraying. However, there is a potential for
workers to be exposed to concentrated chemicals for which there is evidence of
adverse effects in animals (EPA 1985). In addition, these may be occasions where
the surfactant could contaminate the soil and compromise the validity of analytical
results and/or enhance contaminant mobility in soils. Therefore, a rating of
"implementable with some difficulty" was assigned. The total for this treatment was
6 points.

(3) Chemical Dust Suppressants. Except for use in conjunction with a
spray curtain (see below) or as a treatment for the work area (see A.6.4.4, Unpaved
Roads), chemicals were not considered to be appropriate for use during digging
operations because the area treated is continuously disturbed, greatly reducing their
effectiveness. In addition, some of the drawbacks expressed in the use of surfactants
apply here as well. Since a rating of "not suited to application" was assigned,

chemicals were not rated for their implementability for this application.

(4)  Spray Curtains. A spray curtain consists of a series of nozzles which
produce a "flat" spray around a dump location (usually a truck). The liquid from the
nozzles captures and moistens the particulates as they fall through the curtain. Since
the potentially contaminated topsoil will probably be transported to temporary
storage piles or the burial trenches by scrapers, this control could not be
implemented for the initial phase of construction. Trucks will transport soil during
excavation of the trenches and spray curtains were considered for this phase. In the
same study cited above for area spraying (EPA 1985), results were réported for the
effectiveness of both a water/surfactant spray and a chemical foam curtailll. The

water/surfactant spray was slightly more efficient than the chemical foam (56 versus
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41 percent for fine particulates). However, neither method was as efficient as area
spraying. Based on these results spray curtains were rated as "less ef)fective." This
application would also be slightly more difficult to implement than area spraying since
a spray curtain would have to be purchased or fabricated. Therefore it was rated as
"implementable with some difficulty." The spray curtain was given a value of §
points.

(5) Windscreens. Windscreens were studied as an alternative means of
dust control for the Hillside 881 Project in Engineering-Science’s Study (1990). Due
to the size of the construction zone, a design incorporating two screens 160 feet long
by 21 feet high and two screens 120 feet long by 21 feet high were considered. The
study noted that rough terrain in the 881 hillside area could reduce the effectiveness

of the windscreens by creating turbulent air flow and it suggested that windscreens

~ be supplemented with other control means. Data on the effectiveness of windscreens

are mixed. Some studies (EPA 1985) noted a reduction in total suspended
particulates and inhalable particulates by 75 percent z;nd 60 percent, respectively.
However, another study indicated that windscreens did not reduce concentrations in
the less than 10 micrometer respirable-size range. It was concluded that windscreens
would probably be effective in reducing wind erosion of large particulates from
disturbed areas and storage piles, but may not be effective in reducing off-site
concentrations. Therefore, windscreens were rated as "not very effective." No
adverse health effects for workers, other than the normal hazards of construction, are
anticipated for the use of windscreens. However, the design studied in Engineering-
Science (1990) also required 38 relocation operations, which will generate additional
dust. This application was rated "implementable with major difficulty." The

windscreen rating was 3 points.

(6) Containment Structure (tent). A ribbed fabric structure was selected

for analysis by Engineering-Science (1990) for the 881 Hillside Project. Since the

A-6-8 DRAFT




influent collection trench is wider than the largest standard size, a custom design was
necessary. Because of the potentially. windy conditions, it was assumed that the
structure would be placed on concrete pilings placed on 15 foot centers. Due to the
uneven terrain, each relocation of the structure along the trench would require a
custom installation, with a new set of pilings of differing lengths and additional

materials to ensure a good seal with the ground. No figures were presented for

control efficiency in the study. It is doubtful that 100 percent efficiency could be

achieved, particularly in a structure to be built over a trench. Even if the efficiency
of the structure itself is high, the additionalldust generated during the construction
of the pilings for numerous relocations and the relocation activities themselves offset
its effectiveness. For these reasons, the containment structure was rated as "very
effective" rather than "highly effective." Worker safety| is a major concern in
implementing this control because contaminants from tlhe‘soil and pollutants from
vehicle exhausts will be confined by the 'structure. Class C worker protection was
assumed for cost analysis purposes in the study, resulting in decreased worker
efficiency, heat stfess, and lost productive time. In addition, upon completion of
activities, the structure will probably have to be disposed of as a hazardous waste.
As a result the use of a containment structure was rated as "implementable only with

extreme difficulty." The total score was 4 points.
A.6.4.2 Minor Excavations (test pits)

The methods which were rated for their effectiveness and implementability for
minor excavations were: area spray with water, area spray with a water-surfactant
mixture, chemical dust suppressants (including foam), spray curtain, windscreen, and
containment structure. The emission sources considered in this section are digging

and material drop. |

X

A-69 DRAFT .




(1)  Area Spraying with Water. This method is employed in the same
manner as discussed for major excavations and is expected to be "very effective” and
"easily implemented”. This method was successfully implemented in the 881 Hillside
construction project, as discussed in the previous section. The total for this control

method was 7 points.

(2)  Area Spraying with a Water-Surfactant Mixture. The surfactant may
interfere with the chemical analysis of results from the test pit. For this reason, a
rating of "not suited to application" was assigned, and surfactants were not rated for

their implementability for this application.

(3) Chemical Dust Suppressants. Chemicals also may interfere with the
broad range of chemical analyses associated with the test pits. In addition, chemicals
are not considered to be appropriate for use during digging operations because the
treated area is continuously disturbed, greatly reducing their effectiveness. Since a
rating of "not suited to application" was assigned, chemicals were not rated for their

implementability or efficiency for this application.

(4)  Spray Curtain. Spray curtains have found application in the loading of
trucks but not during excavation (see discussion of spray curtains for major
excavations, above). Since test pits will be constructed by a backhoe placing the
excavated soil near the pit for later reuse, a rating of "not suited to application" was
assigned and spray curtains were not rated for their implementability or efficiency for

this application.

(5) Windscreens. As discussed in conjunction with major excavations, data

on the effectiveness of windscreens are mixed (EPA 1985). Since they may not be
)

effective in reducing off-site concentrations, windscreens were rated as "not very

effective." In order to study the implementability and efficiency of this control for
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test pits, a windscreen was designed to protect the pit itself and separate piles of
contaminated topsoil and clean soil. Additional length was added to account for up
to a 45 degree change in wind direction. The result was a windscreen 8 feet high by
44 feet long. This application was rated "easily implemented." The total score for

this method was 5 points.

(6) Containment Structure. In order to study this alternative for test pit
construction, the minimum size of ribbed fabric structure to contain a backhoe, the
test pit, and the temporary storage piles was computed to be a structure 30 feet by
40 feet by 15 feet high. No figures for control efficiency are available for this
alternative, but, as discussed above, it is doubtful that 100 percent efficiency could be
achieved. Even if the efficiency of the structure itself is high, the additional dust
generated during the construction of the structure and numerous relocations reduce
its effectiveness. For these reasons, the containment structure was rated as "very
effective” rather than "highly effective." Worker safety and hazardous waste disposal
considerations result in a rating of "implementable only with extreme difficulty.” The
selected structure could be moved on wheels in special channels to increase the
efficiency of relocations or, if more than one test pit is active at a given time,
additional structures would be constructed. In either case, the containment structure
was rated as having significant implementability considerations. The total score was

4 points.
A.6.43 Drilling

The preventive measures considered for drilling activities were area spraying
with water, area spraying with water mixed with a surfactant, chemical dust
suppressants (including foam), and windscreens. Containment structures were not
considered for a variety of reasons, including the low emissions from drilling, the

confined area of activity, the height of the drill rig, and the higher moisture content
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of subsurface soil. The emissions from light vehicle traffic are covered in a separate
section for unpaved roads. The emission sources considered in this section include

drilling and auger removal.

(1)  Area Spraying with Water. The emissions from drilling will occur in a
limited area in the vicinity of the bore hole over a short period (one day or less).
This area could be sprayed by a hand-held device, or an array of spray nozzles could
be fabricated. This treatment, 'used successfully in the past, is expected to be "very
effective” and "easily i!mplemented". The total for this contr’ol method was 7 points.

| 1 |

(2) Area Spra{ying with a Water-Surfactant Mixture. Sprfaétants may
interfere with the analysis of results from drilling. For this reason, use of a surfactant
was scored |as “not suited to application" and surfﬁctants were not rate'd for their

implementability| for thjls application. !

i
3) 'Chemical Dust Suppressants. Chemicals may also interfere with the
analysis of results from drilling. Since a rating of "not suited to application" was
assigned, chemicals were not rated for their implementability or efficiency for this

application.

(4) VWindscreens. Since they may nc;t be effective in reducing off-site
concentrations, windscreens were rated as "not very effective." In order to study the
implementability of this control, the same design postulated for test pits was assumed.
This application was also rated "easily implemented" for drilling. The total score for

this method was 5 points.
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A.6.4.4 Unpaved Roads

The dust control methods of choice are spraying with water, spréying with
water mixed with a surfactant, chemical dust suppressants, and paving (EPA 1985).
Although it is not commonly thought of as a dust control measure itself, proper
roadway preparation enhances the above measures by ensuring that good compaction
can be achieved. Sampling to determine if the aggregates are present in the proper
sizes and proportions to give good compaction should be undertaken prior to using
any unpaved, potentially contaminated road for heavy vehicle traffic. If the proper
aggregate sizes and proportions are not present, the missing sizes can be added or
a chemical dust suppressant can be chosen which will provide optimum control for
the roadway conditions. The value of each of the control measures for unpaved

roads is discussed below.

(1)  Spraying with Water. Watering once per hour has an effectiveness of
50 percent. Watering twice as often will raise the effectiveness to 75 percent; and

effectiveness near 100 percent has been obtained with applications of 0.125

‘gallons/square yard every 20 minutes (EPA 1985). The application rate must be set

so that contaminated water runoff is not a problem. The use of water was rated
"“very effective.” The equipment needed to apply this treatment, a water truck or
calibrated spray bar, and equipment operators are readily available. However, the
frequency of application is significantly higher than for chemicals which may only
need to be applied every few weeks. Therefore, this treatment was scored
"implementable with some difficulty”. The total score for this application was 6

points.

(2) Spraying with Water Mixed with a Surfactant. The addition of the
| .
surfactant merely increases the penetration of the water into the roadbed. With the

same level of watering, the use of a surfactant should increase the effectiveness of the
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treatment. Since surfactants are normally added to reduce water consumption, the
effectiveness is considered to be the same (EPA 1985). The use of water with a
surfactant was rated "very effective." The equipment used to apply this treatment is
the same as for water-only treatment, and similar application frequency requirements
apply. The exposure to certain concentrated surfactants prior to dilution is a concern
for workers’ safety, but no major environmental effects were noted (EPA 1985).
Therefore, the treatment was rated "implementable with some difficulty." The total

score for this application was 6 points.

(3) Chemical Dust Suppressants. In addition to surfactants used in
conjunction with watering, there are three categories of products based on their
method of dust control and chemical similarity: salts, adhesives, and bitumens.
These products may be applied topically to the road surface or mixed in with the top
layer of aggregate. A survey of the products available in 1983 showed that the
effectiveness varied widely with the number of days since the last application, the
application rate, traffic volume, vehicle size, the receiving surface, and tesﬁng

methodologies. Efficiencies of 80 percent or greater were achieved within the first

. week after the initial application. Subsequent applications should be more effective,

but no data was available (EPA 1985). Thus, chemical dust suppressants as a class
were rated "very effective." A spray bar is preferred over a water truck for
application of liquid chemicals to ensure the correct application rate, and mixing
chemicals with the top layer of soil is more difficult than topical applications. In-
general, the chemicals used for dust' suppression are neither toxic nor mobile in the
environment (EPA 1985); however, this application may require worker protection.
The introduction of additional persistent chemicals into the environment may cause
other regulatory considerations at RFP. Because of these factors, the use of chemical
dust suppressants was rated "implementable with major difficulty." The wide variety

of chemicals available, each with a different application rate and long term
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effectiveness, makes a comparison with other dust reduction methods difficult. The

total score for chemicals was 5 points.

(4) Paving. The Handbook of Dust Control (EPA 1985) notes a reduction
of 98.5 percent in the base emission factor for paved versus unpaved roads. Paving
was rated "highly effective” in reducing dust from roads. However, since multiple
sites would each require temporary roads during remedial investigations, this solution
was rated "implementable with extreme difficulty." Compared to other dust control
measures this option was rated as having significant labor requirements. The total
score for paving was 5 points. A |

A.6.5 CONCLUSIONS AND RECOMMENDATIONS

The ranking of preventive measures by activity are shown in Table A.6-3. If,
based on the proposed activity, contaminant concentrations in the work area are such
that a Stage 2 area is declared, the Project Manager will select and justify the choice
of preventive measures that will be applied, starting with the highest ranking option.
The results indicate that area spraying with water should be employed when soil
activity levels are above the threshold. Monitoring, in accordance with Appendix 7
guidance, must be used to verify the effectiveness of the treatment. If an adequate
water supply is available, water alone should be as effective as a water-surfactant
mixture. The use of chemical dust suppressants is only recommended for unpaved
roads with dust produced by heavy traffic which cannot be controlled by watering.
Descriptions of chemical dust suppressants are included in Table A.6-4. For the
major excavations, if the source of emissions appears to be truck loading operations,
watering with a spray curtain ‘should also be considered. If monitoring results
indicate that watering alone is insufficient, then some means of reducing the wind
speed in the vicinity of the dust-producing activity should be considered for digging

or drilling operations. Paving is an option in the case of unpaved roads.
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TABLE A.6-3
POINT RANKING AND APPLICATION OF PREVENTIVE MEASURES
FOR VARIOUS ACTIVITIES UNDER STAGE 2

USE OF THIS TABLE (STAGE 2 AREAS ONLY)

area).

cease work activities and apply the next method.

Preventive | Major’ Minor Drilling Unpaved
Measures Excavations Excavations Roads
- (881 Hillside) (Test Pits)
Area Spraying 7 7 7 6
with Water
Area Spraying 6 Not Rated Not Rated 6
with Water/
Surfactant
Chemical Dust Not Rated Not Rated Not Rated 5
Suppressants
Spray 5 Not Rated Not Applicable Not
Curtains Applicable
Windscreens 3 5 5 Not
Applicable
Containment 4 4 Not Applicable Not
Structure Applicable
Paving Not Applicable | Not Applicable | Not Applicable 5

Identify activity to be performed (or if unpaved roads are present in the work

Select highest ranking preventive measure (or justify use of another measure).

If monitoring results indicate that the preventive measure is not satisfactory,

. If none of the preventive measures reduce airborne contaminant
concentrations to acceptable levels, study alternative methods not included in

this plan.
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TABLE A.6-4

DESCRIPTION OF CHEMICAL SUPPRESSANTS AND SURFACTANTS

] METHOD OF i :
PRODUCT SUPPLIER TYPE/COMPOSITION APPLICATION EFFECTIVENESS : COMMENTS
Coherex Cobitco, Inc. Emulsified Petroleum Water Truck Revegetated hillsides Resins are dust-binding
Denver, CO Resin and light traffic roads portion, wetting solutions as
(1 to 3 years) carrying and penetrating
- agents. Used successfully at
Eagle Mine for dust control on
B tailings pile during periods of
non-construction.
Dustrol 350 O'’Brien Ind. Emulsified Petroelum Water Truck Revegetated hillsides Same product as Coherex
Cleveland, OH Resin and light traffic roads -
(1 to 3 years)
Marloc Buckley Powder Hydrophillic Waterborne Water Truck or | Revegetated hillsides Develops a "plastic- like"
Englewood, CO Copolymer Emulsion Hydroseeder and light traffic roads coating over the soil surface.
(1 year) Allows the exchange of air and
moisture, tends to reduce
_ moisture evaporation at soil
surface and is resistent to
freeze-thaw.
Road-oyl Soil Stabilization High Bonding Emulsion Water Truck Light to heavy traffic Used for dust control on haul
Products Co., Inc. derived from natural pine roads roads. Bonding strength
Merced, CA tar (? years) comparable to normal asphalt
products. Prevents water
erosion from run-off.
Dus-Top WRR Ind. Magnesium Chloride Water Truck Light to heavy traffic Product absorbs moisture from.
: Salt Lake City, UT | (salt) with spray bar roads air and holds it. Base material ’
or pressurized (1 year) must have sufficient 3/," minus
- — distribution aggregates and fines to ensure
spreader binding. Road base required -
preparation for 3-inch deep
product penetration.
Compaction afterward also
recommended.
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TABLE A.64
DESCRIPTION OF CHEMICAL SUPPRESSANTS AND SURFACTANTS

METHOD OF
TYPE/COMPOSITION APPLICATION
Soil Seal Soil Stabilization Latex Acrylic Co-Polymer | Water Truck Revegetated hillsides Forms a crust by cohesive
Products Co., Inc. Soil Stabilizer only binding of surface particles. To
Merced, CA (18 months or less) be used in areas with no
traffic. Prevents soil erosion
and does not effect vegetation.
Soil Master Earth Systems Tripolycate base material | Water Truck Revegetated hillsides Forms a crust by cohesive
WR Internation, Inc. formulation and light traffic roads binding of soil particles. Crust
Colorado Springs, 1 (18 months or less) thickness varies between } to §-
00) inch. Not generally considered
an economic method of dust
control where there is traffic.
Dustdown 70 | RBI Fumic Acid Material Water Truck Revegetation hillsides Used at Rocky Mountain "
Denver, CO and light traffic roads Arsenal
Terra Tack Water Truck Revegetated areas Used by Mission Viejo
with spray bar .
or hydromulch
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APPENDIX 7
AIR MONITORING REQUIREMENTS




A.7.1 INTRODUCTION

Air sampling and monitoring will be performed in both Stage 1 and Stage 2
work areas. Stage 1 refers to cases where the concentrations of hazardous substances
(chemical or radiological) in an operable unit (OU) have been determined to be less
than the soil threshold levels listed in Appendix 5 of the PPCD. Stage 2 refers to

those cases where concentrations exceed the soil threshold levels.

| Air monitoring procedures in the vicinity of a work site within an|OU will be
implemented to provide assurance that off-site exposure concentrations are kept
within the limits i;npcI)sed' by the risk analysis (Appendix 4). Both real-time and, for
Stage 2 areas, cumulative (integrating) concentrations of contaminants in air will be,‘
mez«lxsured. Appropriate jair sampling and monitoring instruments will be selected
depénding on the types of contaminants that are present or suspected to be present

N |
at the site.

|

The instruments used for the purpose lof monitoring off-site concentrations
may be the same as those used to monitor worker exposures. - Concentrations of
contaminants will be highest near the work site and decrease with distance.
Therefore, these instruments will be most effective when placed as close as possible
tlo the work site. The measured on-site concentrations will be scaled to the
anticipated off-site concentrations by using a dispersion factor which takes into
account the distance to the RFP boundary. This will provide assurance that the

public, as well as the workers, are being protected.
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A.7.2 RESPONSIBILITIES

The following persons will be responsible for ensuring that the air monitoring
program is implemented in accordance with the requirements presented in this

appendix.

The Project Manager (PM) will determine whether the site is subject to
Stage 1 requirements or the more stringent Stage 2 requirements. This decision will
be made on the basis of measured or suspected soil contaminant levels relative to the
respective soil threshold levels (Appendix 5). The PM will also select the dust
suppression measures required to minimize the generation of dust from intrusive
activities (Stage 1 - Appendix 8 or Stage 2 - Appendix 6). The PM will measure
soil moisture levels and determine whether wetting is necessary. Based on the
prevailing wind direction, the PM will select the appropriate downwind location from
the work site for the air sampling and monitoring equipment. In addition, the PM
will monitor the instruments used to measure concentrations of airborne
contaminants. The PM has the authority to stop work if any action levels or alarm
settings are exceeded. The PM is also responsible for reporting the monitoring
results and ensuring that the instruments are operable and calibrated. Once air
monitoring samples have been analyzed and reduced, they will be reported
immediately to the PM. The PM is responsible for the interpretation of the air
monitoring and sampling data obtained during the work. On the basis of these data,
the PM will implement any additional dust suppression measures deemed necessary.
The PM will also determine and resolve the cause of any measurements of airborne

contaminant concentrations above action levels.
The Health and Safety Coordinator (HSC) will select ttlle appropriate air

sampling and monitoring equipment to be used at each site and determine the

appropriate action levels or alarm settings requiring cessation of work activities. The
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HSC also ensures that radiological and industrial hygiene measurements are taken

in accordance with established procedures. The HSC is assigned to the site by the
Industrial Hygiene Manager and reports to the Project Manager.

The Air Programs Representative (APR) will set up the anemometer and
report wind conditions to the workers’ supervisor, the HSC, and the PM as specified

in the work procedures.
A.73 SELECTION OF AIR MONITORING AND SAMPLING EQUIPMENT
Applicability of monitoring and sampling equipment will be determined in part

by the confirmed or suspected chemical and/or radiological contaminant(s) in the soil.

The following equipment will be used to implement the air monitoring program:

. Anemometers to measure wind speed and direction
. Instruments to measure soil moistur¢

. Real-time contaminant monitors

g High-volume air samplers

Anemometers will be capable of measuring the average wind speed and
direction over 15 minute intervals. If not so equipped, the PM will take frequent

readings and compute the 15 minute averages manually.

Soil moisture instruments will be capable of measuring moisture levels at or

below the soil moisture threshold (as practicable) for the work activity.

Real-time contaminant monitors will provide assurance that airborne

contaminants do not exceed predetermined concentration levels over short periods
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(i.e., 15 minute averages). They will be under the observation of a field technician.
Work will be suspended by the PM if the technician observes a reading above the
predetermined limit. These monitors may be capable of measuring contaminant
concentrations directly, but will most likely be capable only of indirectly measuring

the concentrations (i.e, dust concentrations or organic vapor concentrations).

High-volume air samplers (Hi-Vols) are integrating devices that will provide
long-term average concentrations for Stage 2 work areas. ' Hi-Vols, in conjunction
with appropriate analytical protocols can be usé? to identify and quantify speéiﬁc
contaminants. Real-tlme TSP measurements will be the pnmary means of evaluating
mitigative measures effectiveness. Sample analysis reslults will be used to confirm that
contaminant concentrations were maintained below the predetermined limits for the
duration of the work activities. The !required sampling frequency and analysis
turnaround time will be determined by thel PM, based on the soil contaminallltion

levels and instrument sensitivity. |

|
The following is a list of monitoring and sampling equipment that may be

selected and each instrument’s applicability.
Monitorin uipment:

The TSI Piezobalance, Model 3500, is used to monitor respirable aerosols.
The Piezobalance measures the mass concentration of aerosols in the 0.01 to 10
micrometer range. It requires two minutes for a measurement and displays the

reading duectly in milligrams per cubic meter (mg/m®). The Piezobalance (or

~ equivalent) will be used extensively to provide rcal-tlme monitoring of total

suspended particulate (TSP).
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A vacuum pump draws aerosol into the instrument at a rate of one liter per
minute (L/min). Particles greater than 3.5 micrometers pass through an impactor to
a precipitator. The smaller particles are then charged and deposited on a sensor -
a quartz crystal that oscillates at its natural frequency. The oscillating frequency of
the sensor decreases by an amount that is proportional to the mass of particles
deposited. The frequency change is detected periodically by a counter and the
reading is displayed. After measurement is completed, the frequency change is

converted to units of concentration, mg/m>, and displayed.

High-Volume Samplers:

Total suspended particulates in sizes up to 50 micrometers (um) can be
measured using high volume samplers. The high volume sampler draws ambient air
into a covered housing and through a filter, and the total suspended particulates
collect on the filter surface. The mass is computed by measuring both the mass of

the TSP collected and the volume of air sampled.
Model 217 - Laser Particle Counter:

The particle counter measures two particle sizes simultaneously on two
different channels. The range of particle size is 0.25 to 5.0 microns. Airborne
particles are detected using a solid-state laser diode source and collection optics.
Particles deflect light energy from the solid-state laser diode onto the collection
optics. The collection optics focus the light on a photodiode that converts the bursts
of light into electrical impulses. The pulse height is proportional to particle size. An
audible alarm can be set to occur when the count exceeds a given limit. A printout
shows the two selected partiﬁle sizes, the count for each size, count alarm limit,

temperature, and relative humidity.
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MINIRAMS:

The Miniature Real-Time Aerosol Monitor (MINIRAM) Model PDM-3 is a
personal-size airborne particulate monitor. It uses a pulsed GaAlAs light-emitting
source. The radiation scattered by airborne particles is sensed by a silicon-
photovoltaic detector. An optical interference-type filter screens out any light with
a different wavelength than that of the pulsed source.

The MINIRAM measures the concentration of solid and liquid airborne
particles from 0.1 to 10 micrometers in size. The concentration of aerosols is

measured in units of milligrams per cubic meter (mg/cm?).

The instrument is powered by a set of rechargeable Ni-Cd batteries that can
provide continuous monitoring operation for over 8.5 hours, and it can retain stored
information for approximately six months. An alarm system warns the user when the

pre-set threshold concentration level has been exceeded.

The MINIRAM, which measures TSP in real-time, will be used (along with the

Piezobalance) as a primary means of evaluating mitigative measures effectiveness.

HNU Trace Gas Analyzer

The HNU Trace Gas Analyzer is a portable photoionization detector that is
used to measure the atmospheric concentration of trace gases. Molecules of gas
absorb photons emitted by the instrument’s ultraviolet (UV) light source and release
electrons. The electrons travel to a collector electrode and create an electrical
current which is measured and displayed as the corresponding concentration of gas

in parts per million (ppm). The instrument’s range of detection is 0.1 to 2000 ppm.
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An audible alarm can be attached to the instrument to give an 85 decibel
signal when a pre-set concentration is exceeded. A recorder can also be attached to

the readout assembly to provide a hard copy of the data.

Photovac Microtip Hand Held Air Monitor

The Microtip measures the concentration of airborne jonizable gases in the
range of 0.1 to 2000 ppm isobutylene equivalent. The sample inlet carries a gas
stream to the ultraviolet (UV) light source. Photons generated by the UV source
ionize specific molecules in the gas stream. The ionized molecules move to the
collector electrode and generate a current proportional to the concentration of the
gas. The instrument is equipped with an alarm which signals when the pre-set value

is exceeded.
A.7.4 LOCATION OF AIR SAMPLING AND MONITORING EQUIPMENT

Monitoring instruments will be placed as close as possible to the work area
(about 5 - 10 meters) without interfering with the work activities. The selected
location must be far enough so as to not be in the wake of buildings or machinery.
Instrument can be placed closest for activities such as drilling which do not involve
frequent movement of machinery. It is recommended that instruments be placed as
far as 10 meters away when the activities involve excavation and vehicular traffic. If
the wind direction appears to change substantially, or if the work location moves, the
instrument(s) will be repositioned accordingly. Since the exclusion zone for work in
a contaminated area typically extends 30 feet from the work site, an appropriate

downwind location will be inside, or along, the exclusion zone boundary.

Downwind real-time monitors and air samplers will be co-located to the extent

possible. This will permit the PM to inspect several instruments simultaneously.
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A.7.5 SELECTION OF ALARM SETTINGS OR ACTION LEVELS

Alarm settings or action levels will be established for soil moisture, wind

speed, and airborne contaminant concentrations.
A.7.5.1 Soil Moisture

Soil moisture will be maintained above a minimum value as determined by the
PM. Typically, this minimum will range from about 10 to 15 percent, depending on
the soil type, vegetation, and any dust suppression measures that may have been

implemented.
A.7.52 Wind Speed

Limits on average wind speed will be determined by the PM based on the type
of dust-generating activities to be performed at the work site. Typically this limit will
be set at 35 mph for drilling and small-scale. excavation activities and 15 mph for

other activities. -
A.7.53 Airborne Contaminant Concentrations - Off-Site Exposures

Measuring concentrations of contaminants emitted from Stage 1 or 2 work
areas directly at the RFP boundary is not practical. This is due mostly to the
atmospheric dispersion that significantly reduces airborne concentrations from the
point of origin. Consequently, air monitoring to evaluate the mitigative measures
effectiveness will be implemented near the emission source. This requires
establishing an action level concentration that can be measured near the emission

source which is related to an acceptable concentration at the site boundary.
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To estimate the concentration at the site boundary, a dispersion factor was
derived for each of the four areas (OU3, A, B, C). These factors are listed in Table
A.7-1 and account for the dilution that occurs from the work area (10 meters from
the source) to the site boundary based on the prevailing atmospheric stability (Class
D).

Table A.7-2 lists the limiting site boundary concentrations for the principal
contaminants. These concentrations, derived from Appendix 5, represent the
airborne levels associated with each compound’s 1 x 10 lifetime excess cancer risk
or 10% of the exposure dose/reference dose quotient. These concentrations limits
are independent of the type of activity or area in which the activity is conducted. To
obtain the equivalent on-site concentration (i.e., 10 meters away from the work area),
these concentrations must be multiplied by the appropriate dispersion factor. In
addition, if the instrument measures the contaminant carrier, a scaling factor must be
applied. ‘If dust is the contaminant carrier, this is accomplished by dividing the
maximum on-site concentration of contaminant in air by the concentration of the
contaminant in soil to obtain the limiting concentration of dust in air. This is
repeated for each contaminant present in the soil. The action level is then set to the
limiting (lowest) concentration of dust obtained by the above method.

When occupational limits for the contaminant exist, the action levels as
calculated in the next section will usually be more restrictive than those calculated
based on off-site protection criteria. This is due to the significant atmospheric
dispersion factor (three to four orders of magnitude) that occurs between the work
site and the site boundary. However, there are some contaminants for which no
occupational limits have been established. In such cases, the off-site concentration
limits will be the only applicable criteria in setting the action levels.

A-79. DRAFT



TABLE A.7-1

Dispersion Factors Used in Calculating Off-Site Action Levels

OUs3 | 0.8 km 3,700
A  16km 12,000
B | 2.9 km 30,000
C | 4.4 km - 57,000

* For Zone A, B, and C, this conservatively assumed to be the RFP site
boundary. :

* Factor by which airborne contaminant concentration decreases: work area (10
meters from source) to RFP boundary.
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Table A.7 -2

[SITE BOUNDARY LIMITING CONCENTRATIONS

EPA Threshold Leveis L.E.C.HR Hi
Threshold Conc. Threshold Conc.

Radionudiides pCl/m3

Uranium 233 & 234 4.2E~-03

Uranium 235 4.6E-03

Uranium 238 4.8E-03

Americlum 241 2.9E-03

Plutonium 239 & 240 2.8E-03

Tritlum (gas)** 1.5E+03

Strontium 89 3.9E+01

Strontium 80 2.0E+00

Cesium 137 2.3E+00

Radium 226 3.8E-02

Radium 228 1.8E-01

Non—Radionuclides mg/m3 mg/m3

Arsenic 41E-06

Barium 1.5E-03

Beryllium 2.4E-05

Cadmium 3.3E-05

Chromium i 8.3E-06

Chromium Vi 5.0E-05 8.3E-06

Manganess ' 1.7E~04

Mercury 1.3E-04

Hexachlorocyclohexane (alpha) 3.2E-05

Hexachlorocyclohexane (beta) : 1.1E-04

Heptachior ' 4.5E-05

Heptachlor Epoxide 2.2E-05

Aldrin ' 1.2E-05

Dieldrin 1.3E~04

DDT 6.0E-04

Chiordane (alpha, gamma) 1.6E-04

Toxaphene 1.9E-04

VOCs & Semi—VOCs mg/m3 mg/m3

Chloroform 2.5E-03

1,1,1=Trichioroethane 4.4E+00

Carbon Tetrachioride 1.6E-03

Benzene 6.8E-03

Toluene 8.8E-01

Dichloromethane 1.0E-01 1.3E+00

Xylenes 1.3E-01

MEK 1.3E+00

1,2~-Dichioroethane 2.2E-03

Bromomethans 2.9E-02

Carbon Digulfide 4.4E-03

1,1-Dichlorosthene 1.7E-04

1,1-Dichloroethane 1.5E+00

Vinyl Acetate 8.8E-02

1,3-Dichloropropene 1.6E-03 8.8E-03

1,1,2-Trichloroethane 3.6E-03

Bromoform 5.2E-02

Tetrachlorosthene 1.1E-01

Chlorobenzene 7.3E-02

Ethylbenzene 4.4E-01

Styrene 1.0E-01

Vinyt Chioride 7.0E~03

1,2-Dichlorosthans 2.2E-03

1,2-Dichloropropane 1.6E-03

1,1,2,2~- Tetrachlorosthane 1.0E-03

2-Chloroethyl Ether 1.9E-04

1,4-Dichlorobenzene 2.9E-01

1,2-Dichiorobsnzene 5.8E-01

Nitrobenzene 8.8E-03

Hexachloroethane 1.5E~02

1.2,4-Trichlorobsrzene 4.4E-02

Hexachlorobutadiene 2.6E-03

Hexachlorocyclopentadiene 2.9E-04

2,4,6 —Trichiorophenol 1.9E-02

Haxachloroberzene 1.3E-04
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An example derivation of an action level based on off-site concentration limits
is given in Section 7.7 along with a comparison to the worker protection action level

derived for the same contaminant.
A.7.5.4 Airborne Contaminant Concentrations - Occupational Exposures

Occupational exposure control is governed by the individual site specific health
and safety plan. Details regarding the establishment of action levels and monitoring
programs are detailed therein. The following discussion is provided to familiarize the
reader with the method used at RFP for monitoring worker exposure to hazardous
waste site contaminants. In general, to protect the workers, alarm settings or action
levels will be calculated based on occupational concentration limits (DACs, TLV-
TWAs, PELs, etc.). Concentration measurements are normally taken in the worker’s

breathing zone.

As mentioned above, the alarm settings and/or action levels for airborne
emissions normally will be calculated at 10 percent of the occupational concentration
limits when the instrument measures the contaminant directly. If the instrument
measures a contaminant carrier (e.g., dust), the alarm will be set at a concentration
equal to the ratio of the contaminant’s limit in air (10% of DAC, PEL, TLV, etc.) to

the measured or estimated concentration of the contaminant in soil.

If measured concentrations are between 10 and 100% of the DAC or TLYV,
appropriate respiratory equipment will be used or other measures taken to reduce
worker exposures. Any concentrations measured above the occupational limits will
result in a suspension of work activities and the application of mitigative measures.
Details of the worlker protection program will be contained in the site-specific health
and safety plan.
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The derived air concentrations are listed in Table A.7-3. Local Air Monitoring

. Trigger Levels for plutonium are listed in Appendix 8 (Attachment Two, Table 1.0).

Occupational limits for non-radionuclides can be obtained from a current ACGIH
TLV Book or the list of OSHA PELs.

TABLE A.7-3

Derived Air Concentrations

PU-239 2 E-12 uCi/ml
AM-241 2 E-12 uCi/ml
U-238 ' 2 E-11 pCi/ml
U-235 2 E-11 uCi/ml
U-234 2 E-11 uCi/ml
CS-137 7E-8 uCi/ml"
H-3 2 E-5 uCi/ml

Note: The values for derived air concentrations (DAC) are based on either a stochastic dose limit '
of 5 rem or a nonstochastic dose limit of 50 rem per year, whichever is more limiting (DOE Order
5480.11)

A.7.6 WORK START/STOP CRITERIA

Work will not start or will be temporarily halted under any of the following

circumstances:
. Soil moisture levels below the practicable threshold;
. Average wind speeds in excess of the threshold for two consecutive 15-

minute periods;

. Real-time monitor alarm or readings above the occupational or off-site
action level; or
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. Air sample analysis showing concentration above the action level.

Under normal operating conditions (i.e., above the soil moisture threshold and
below the wind speed threshold), no additional dust suppression methods should be
required for Stage 1. Monitoring will be conducted to ensure compliance with
occupatioha] standards and to confirm that predicted rates are not exceeded. Since
the 10m action levels are based on a back-calculation of dispersion to the site
boundary, they are independent- of the predicted emission rates. Airborne
concentrations in excess of action levels or alarm settings will result in the suspension
of activities until the cause is determined. This may require: a) repair of the monitor
or sampler if found to be defective; b) changing the alarm settings and/or action
levels if found to be miscalculated or too conmservative; c) re-evaluating the
dispersion/emission model; and/or d) re-analysis of the contaminant concentrations
in soil. The conclusions obtained from such an assessment may require that the area

be reclassified as a Stage 2 work area.

Stage 2 dust suppression measures (in addition to soil moisture and wind
speed controls) will be taken prior to the start of operations to reduce the probability
of exceeding the action levels. However, airborne contaminant concentrations in
Stage 2 areas could increase above the action levels. Should monitors alarm and/or
action levels be exceeded, additional dust suppression measures will be applied in

accordance with the guidance presented in Appendix 6.

Work will start when the following conditions, where applicable, have been

met:
. Minimum practicable soil moisture criterion is achieved;

. Average wind speeds are below the threshold for two consecutive 15-
minute periods; and
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. The cause for the monitor alarm or instrument readings above the
action level has been determined and resolved.

A.7.7 EXAMPLE ACTION LEVEL CALCULATION

The following example is included to indicate how air monitoring action levels
will be derived. This example assumes the drilling will occur in Zone A and that the
principal contaminants are Pu-239 (1000 pCi/g) and beryllium (0.5 mg/g).

Based on the zone, activity, and contaminant concentrations, the PM would
declare this a Stage 1 area since the soil threshold levels for drilling in Zone A are
28,000 pCi/g Pu-239 and 244 mg/g beryllium (see Appendix 5 for soil threshold
levels).

The off-site action levels are calculated as follows. From Table A.7-1, the -
dispersion factor for work conducted in Zone A is 12,000. The off-site concentrations
limits for Pu-239 and beryllium, obtained from Table A.7-2, are 2.8E-03 pCi/m3 and
2.4E-05 mg/m>, respectively. Note that these concentrations are two to three orders
of magnitude lower than the comparable occupational limits. To obtain the
equivalent on-site concentration limits (prior to dilution from work-site to the RFP
boundary), the off-site limits are multiplied by the dispersion factor for Zone A. This
results in concentration limits of 34 pCi/m® and 0.29 mg/m> for Pu-239 and beryllium,

respectively, at 10 meters or less from the work site.

In this example, the off-site public is protected by an additional margin of
safety when occupational limits are applied to the contaminants. To further expand
on this point, the equivalent dust concentration action levels based on off-site
concentration limits are 34 mg/m* (based on 1000 pCi/g Pu-239 in soil) and 580
mg/m> (based on 0.5 mg/g of beryllium in soil). The occupational (shut-down) action
level of 2 mg/m> (10 times the concentration listed in Table 1.0 of Attachment Two
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to Appendix 8) is 17 times lower than the 34 mg/m> off-site action level. This
example is illustrated in Figure 7-1.

A.7.8 SUMMARY AND ACTION CHECKLIST

The following checklist is inténded to summarize the requirements of the air
sampling and monitoring plan to be applied to each work site. Note that these steps
are to supplement the worker protection measures in the site-specific Health and
Safety Plan.

. Determine the type of dust generating activities that will occur at the
work site.

. Determine the area of the plant (OU3, A, B, or C, as defined in the
PPCD) in which the activities will occur.

. Obtain measured (or estimate) concentrations of contaminants in the
soil.
. Compare these concentrations to the most limiting soil threshold levels

for the activity and plant area (listed in Appendix 5).

oS By W= Ay By U Iy B Ey an o
- . : y -

. If contaminant concentrations are below the soil threshold level,
declare a Stage 1 work area; no additional dust suppression measures
beyond maintaining minimum soil moisture levels will be required.

. If contaminant concentrations are above the soil threshold level,

-~ declare a Stage 2 work area; decide which dust suppression measures

will be most effective based on location of work area and amount of
contamination.

. Based on the contaminants present in the soil, select the monitoring
and sampling equipment to measure airborne concentrations. For
Stage 2 work areas, Hi-Vols are required. Determine the required
sampling frequency and analysis turnaround times.
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Based on the contaminant concentrations in soil and/or the airborne
concentration limits (both occupational and off-site) and the instrument
capabilities, set instrument alarm levels and determine action levels.

Establish minimum soil moisture and maximum wind speed criteria.

Verify that all monitoring and sampling instruments, including
anemometer and soil moisture probes, are operable and calibrated.

Measure soil moisture levels and, if necessary, wet the work area until
the minimum soil moisture levels have been achieved.

For work in a Stage 2 area, apply the selected dust suppression
measures.

Determine the prevailing wind direction and place the anemometer
and the air monitoring and sampling equipment downwind and within
10 meters of the work area.

Power the instruments and verify their proper operation.
Begin work activities.

Monitor the instruments periodically to ensure that all parameters are
within established action levels.

If the prevailing wind direction changes to the extent that the
instruments are no longer downwind of the work site, or if the work
site moves, relocate the instruments accordingly.

Temporarily cease activities if average wind speeds exceed pre-
established limits; resume activities when winds abate.

Cease work activities if any of the concentration measurements exceed
the action levels or alarm settings; analyze air sampling media;
determine and resolve the cause of the excursion; and resume
activities.

Evaluate and report the results of routine air sampling analyses
!

{
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A.7.9 REFERENCES

DOE Order 5480.11 December 21, 1988. Radiation Protection for Occupational
Workers.
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ATTACHMENT 7-1
AIR MONITORING CHECKLIST
The following checklist provides procedural guidance on implementing the air

sampling and monitoring plan in the PPCD. Note that these steps are to supplement
the worker protection measures in the site-specific Health and Safety Plan.

o List the type of dust generating activities that will occur at the work site (as
defined in the PPCD).

Activity 1:
Activity 2:
Activity 3:
Activity 4:
(m] Enter the area of the plant (A, B, or C, or OU3 as defined in the PPCD) in
which the activities will occur.

Area:

m] Obtain measured (or conservatively estimate) concentrations of contaminants
in the soil. Reference laboratory log number or write "Estimated".

Contaminant Concentration (units) Source
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Compare the concentrations entered above to the soil threshold levels (STL)
for the activity and plant area (PPCD, Appendix 5).

Concentration in Soil
Contaminant Measured/Estimated STL

Are soil concentrations of all contaminants below the STLs?

Circle answer: YES NO
If answer is YES declare a Stage 1 work area (see Appendix 8 of PPCD for
guidance). No additional dust suppression measures beyond maintaining
minimum soil moisture levels will be required. Skip to the next step.
If answer is NO declare a Stage 2 work area. List dust suppression measures
which will be most effective and/or implementable based on location of work
area, activity to be performed and amount of contamination. Determine
required air sampling frequency and analysis turnaround time. Justify your
choice (see Appendix 6 of PPCD for dust suppression choices).

Dust suppression measure:

Justification:

Sampling frequency:
Analysis turnaround time:

Justification:
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Based on the contaminants present in the soil, circle the monitoring and
sampling equipment that will be used to measure airborne concentrations
(refer to Appendix 7). Verify that all instruments, including anemometer and
soil moisture probes, are operable and calibrated.

Instrument

Anemometer Moisture Probe Miniram
Piezobalance

RadeCo High

Volume Sampler HNU OVA Other:

Based on the contaminant concentrations in soil and/or the airborne
concentration limits and the instrument capabilities, set instrument alarm
levels (if equipped) or determine action levels, both for occupational and off-
site shutdown criteria (see Section 7.7, Appendix 7 of PPCD for an example).
If contaminant is measured directly, enter action level for the contaminant.
If measured indirectly, also enter action/alarm level for the contaminant
carrier (e.g., maximum allowable dust concentration). This will be the ratio
of action level to contaminant concentration in soil. If the instrument
measures more than one contaminant, enter most restrictive action level.

Measured Contaminant Carrier Action Level
Instrument Parameter Action Level (if applicable)
3 DRAFT
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From above list, circle the lowest action level if an instrument is used to
monitor more than one contaminant or if both occupational and off-site
concentration limits apply. Circle the category listed below which forms the
basis for the action level:

OCCUPATIONAL LIMIT OFF-SITE CONCENTRATION LIMIT

Establish minimum soil moisture and maximum wind speed criteria.
Minimum soil moisture: %

Maximum wind speed: - mph

Measure soil moisture level and, if necessary, wet the work area until the
minimum moisture level has been achieved.

Soil moisture: %
Wétting needed? YES NO
If YES, spray work area with water and repeat measurement. This activity

should be conducted under the supervision of the project manager.

Final soil moisture: %

For work in a Stage 2 area, apply the selected dust suppression measures.

Determine the prevailing wind direction and place the anemometer and the
air monitoring and sampling equipment downwind and within 10 meters of the
work area.




Wind blowing from:

'I

Wind speed: mph

Distance of instruments from work area: m

a Power the instruments and verify their proper operation.

| - . : T
Begin work activities. Monitor the instruments periodically to ensure that all
parameters are within established action levels.

a

’ |
I
If the prevailing wind direction changes to the extent that the instruments are

no longer downwind of the work site, or if the work site moves, relocate the
instruments accordingly. .

O

(| Temporarily cease activities if average wind speeds exceed pre-established
limits during two consecutive 15-minute intervals; resume activities when winds
abate below limit for two consecutive 15-minute intervals.




o If any of the concentration measurements exceed the action levels or alarm
settings: :

CEASE ALL WORK ACTIVITIES
Analyze air sampling media
Determine and resolve the cause

After cause has been determined and resolved, obtain approval to
resume activities

Document the occurrence, cause and resolution

0 Evaluate and report the results of routine air sampling analyses.
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INTERIM-PLAN FOR PREVENTION OF
CONTAMINANT DISPERSION

OBJECTIVE

The objective of this Interim-Plan for Prevention of
Contaminant Dispersion (IPPCD) is to establish procedural
requirements to mitigate potential hazards, on an interim
basis, to persons located offsite as a result of contact
with emissions resulting from intrusive remedial
investigation activities.

SCOPE

Procedural requirements identified herein are applicable to
certain intrusive actions taken at the 16 Operable Units
(UOs) as part of the RFI/RI and IRA activities described in
the Inter-Agency Agreement (IAG). Intrusive activities
which fall within the scope of this IPPCD are those with the
potential for producing appreciable quantities of suspended
particulates (AQSP), primarily through mechanical actions.
Intrusive activities potentially susceptible to producing
AQSP include: '

o Monitoring well and soil/rock borehole installation.

o Excavations such as trenching or test-pitting using
powered equipment.

Additionally, heavy vehicular traffic associated intrusive
RFI/RI activities shall be considered as susceptible to
producing AQSP. By contrast, activities such as surface
soil sampling with hand implements are not considered as
susceptible to producing AQSP. Attachment One identifies
activities for which Standard Operating Procedures (SOPs)
exist that will likely require application of the
requirements identified herein. Special consideration shall °
be given to Interim Remedial Action (IRA) construction-
related activities that could require handling large
quantities of soil.

Procedural requirements identified herein must be evaluated
on a case-by-case basis to determine their potential impact
on other IAG objectives. For example, it is possible that
applying certain dispersion techniques, such as wetting,
could compromise sample integrity and limit the usefulness
of the data for which the sampling was intended.
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3)

4)

The requirements identified in the IPPCD shall remain in
effect until the final PPCD is approved or until '
modifications are approved and documented in the Site-
Specific Health and Safety Plan (SSH&SP).

RESPONSIBILITY

The EG&G RFI/RI Project Manager (PM) shall be responsible
for assuring that activities conducted at his/her OU are
performed in accordance with the requirements identified
herein, as well as other relevant procedures including the
Environmental Monitoring and Assessment Division Standard
Operating Procedures (i.e., the SOPs).

The Remediation Programs Division (RPD) Manager will be *
responsible for follow-up and auditing of the PM.

PROCEDURAL REQUIREMENTS

A pre-startup activity review to evaluate the potential for
intrusive actions producing emissions of AQSP containing
hazardous substances shall be conducted by the PM and the
Activity Field Supervisor. If the activity is being
performed by a subcontractor, the subcontractor's Activity
Field Supervisor shall participate in the review.

The pre-startup activity review involving intrusive
activities where there is significant potential for
producing AQSP containing hazardous substances shall be
documented by completion of a Radiological /H&S Work Permit
(HSP 6.05) and an Excavation Permit (HSP 6.0l1). HSP's 6.05
and 6.01 are attached.

If the review establishes that there is significant
potential for producing AQSP containing hazardous
substances, the requirements identified below, as well as
relevant SOPs, shall govern the activity.

SPECIFIC REQUIREMENTS

Activities where there is significant potential for
producing AQSP containing hazardous substances shall not be
conducted when the following conditions exist:

o Sustained wind speeds above 15 miles per hour (mph)
as measured by a site-located anemometer in the case
of construction-related excavation, earth moving or
other dust generating operations. Sustained winds .
above 15 mph exist when the 15-minute average wind




speed exceeds 15 mph for two consecutive 15-minute
periods.

Sustained wind speeds above 35 miles per hour (mph)
as measured by an anemometer located in the
construction yard at the 881 Hillside in the case of
drilling and related investigative activities.

When visible particulate matter emissions are
observed originating from the intrusive activity.

Soils moisture content .less that 15 percent (to the
extent practicable) on ‘roadways adjacent to the
activity area as measured with a Soiltest "Speedy
Moisture Tester" or equivalent instrument. Soils
can be wetted to increase the moisture content to 15
percent if necessary. ‘

When Total Suspended Particulate (TSP)
concentrations measured in the vicinity of the
activity exceed the site-specific trigger levels.
Site-specific trigger levels are developed for key
occupational contaminants of concern in each Site-
Specific Health and Safety Plan. Table 1 and
Figure 1 prg;ent typical 51te-spec1f1c trigger
levels for ~ Plutonium.

4.2) ADDITIONAL REQUIREMENTS

o

In the special case of excavations, the top 6" of
soil will be moved (i.e., scraped) and placed in a
low p11e and covered with a tarp or other suitable
covering to prevent resuspension of particulate.

In the case of construction-related materials
containing potentially hazardous substances such as
temporary piles from excavations, actions to prevent
the emission of visible particulate matter will be
applied as necessary. Such actions may include, but
are not limited to, the application of dust
suppressants and/or use of covers.

The potential for spreading contamination will be prevented
through conscientious decontamination, material handling and
monitoring practices. SOPs for these practices are
identified as follows:

o

(o]

SOP 1.3; General Equipment Decontamination

SOP 1.4; Heavy Equipment Decontamination




o SOP 1.5; Handling of Purge and Development Water

o SOP 1.7; Handling of Decontamination Water and Wash
Water

o SOP 1.8; Handling'of Drilling Fluids and Cuttings
o SOP 1.9; Handling of Residual Samples

O SOP 1.10; Receiving, Labeling and Handling of Waste
Containers

o SOP 1.12; Decontamination Facility Operations

o SOP 1.13; Containerization, Preserving, Handling,
and Shipping of Soil and Water Samples

o SOP 1.15; Use of Photoionizing and Flame Ionizing
Detectors

o SOP 1.16; Field Radiological Measurements
4.3) AIR QUALITY MONITORING REQUIREMENTS

Air quality monitoring requirements for activities where
there is a significant potential for producing appreciable
quantities of suspended particulate include the following:

o Site perimeter and community Radiological Ambient
Air Monitoring Program (RAAMP).

o Local monitoring of Total Suspended Particulate
(TSP) at individual activity worksites shall be
conducted using a TSI "Piezobalance™ Model 3500
Aerosol Mass Monitor, real-time instrument (or
equivalent). Local TSP measurements, in conjunction
with site-specific trigger levels, will be used to
guide the PM's evaluation of the potential hazards
associated with activity related emissions.

o In the special case of earth-moving activities
related to Interim Remedial Action (IRA)
construction, local TSP monitoring may be augmented
with local high volume (Hi-Vol) air sampling. The
determination to use Hi-Vol air sampling as well
pertinent analysis, sampling duration, and quality
control requirements, will be made at the pre-
startup activity review.




o Additional worker health and safety monitoring as
required by the Site-Specific Health and Safety
Plan.

Attachment Two provides additional information on these air
monitoring requirements and identifies responsibilities for
their implementation under the IPPCD.

Additional requirements that govern activities where there
is a significant potential for producing appreciable
quantities of suspended particulate include the following:

o Excavated soils that are not promptly backfilled
shall be covered with a tarp or similar cover to
prevent resuspension of particulate. '

o Vehicular traffic will be minimized to the extent
practicable.

o Vehicular traffic shall not exceed 5 mph.
o Roadways will be watered as necessary.

Restarting intrusive activities is the responsibility of the
PM. Restart will be allowed when the condition that
prompted cessation of intrusive activities has been
alleviated. For example, if intrusive activities were
halted because average wind speeds exceeding 15 miles per
hour for two successive 15 minute periods were recorded,
then restart can occur when an average of two successive 15
minute periods (i.e. 30 minutes) of less than 15 miles per
hour is recorded. Another example is the cessation of
intrusive activities resulting from the observation of
visible particulate emissions originating from an activity
such as vehicular traffic across an access path. In this
case, the PM may resume traffic across the area of emissions
after preventive actions (such as wetting) have resulted in
the elimination of visible particulate emissions. Restart
following shutdown as a result of exceeding the site-
specific trigger level will not occur until consistent TSP
measurements below the trigger level are observed.

Activity-specific requirements will be evaluated periodically to
determine their effectiveness at preventing dispersion of
contaminants from activities where there is a significant
potential for producing appreciable quantities of suspended
particulate. Modifications to these requirements will be
documented in the Site-Specific Health and Safety Plan.




ATTACHMENT ONE
STANDARD OPERATING PROCEDURES
TO CONSIDER FOR IMPLEMENTATION
OF THE IPPCD

I SOPs for Activities Likely To Be Impacted By the IPPCD

SOP 3.2 Drilling and Sampling Using Hollow-Stem Auger
Techniques

SOP 3.3 Isolating Bedrock from Alluvium With Grouted
Surface Casing .

SOP 3.4 Rotary Drilling and Rock Coring

II SOPs That Affect IPPCD Activities

SOP 1.1 Title To Be Determined

SOP 1.3 General Equipment Decontamination

SOP 1.4 Heavy Equipment Decontamination

SOP 1.5 Handling of Purge and Development Water

SOP 1.6 Handling of Personal Protective Equipment

SOoP 1.7 Handling of Decontamination Water and Wash
Water

SOP 1.8 Handling of Drilling Fluids and Cuttings

SOP 1.9 Handling of Residual Samples

SOP 1.10 Receiving, Labeling and Handling of Waste
Containers

SOP 1.12 Decontamination Facility Operations

SOP 1.13 Containerization, Preserving, Handling, and
Shipping of Soil and Water Samples

SOP 1.15 Use of Photoionizing and Flame Ionizing
Detectors

SOP 1.16 Field Radiological Measurements




ATTACHMENT TWO
IPPCD AIR MONITORING REQUIREMENTS
RESPONSIBILITIES AND TECHNICAL SUPPORT

I RADIOACTIVE AMBIENT AIR MONITORING PROGRAM (RAAMP)

The RAAMP has been in operation since the early 1970's. It
consists of a network of 28 air sampling stations located on the
RFP (Onsite Samplers), locations on the RFP perimeter (14
Perimeter locations) and 14 samplers located in the community
surrounding the RFP (Community samplers). Laboratory analysis
for specific radionuclides is obtained from the samples acquired
at these locations. The Colorado Department of Health (CDH)
monitors a similar independent network of air samplers at RFP and
in adjacent community locations. The scope of the RAAMP is
environmental surveillance, reporting, and compliance.

The RAAMP is managed through the Air Programs Group (APG) of the
Environmental Monitoring Division (EMAD). EMAD is a division of
the RFP Environmental Management Department. The EMAD APG
Manager directs the RAAMP Manager in the functioning of the
network. The RAAMP Manager is responsible for maintaining the
network to ensure compliance with environmental protection
requirements contained in DOE Order 5400.1 "General Environmental
Protection Program".

Specific responsibilities of the RAAMP Manager that are relevant
to the IPPCD include the following:

o Prepare a monthly ambient air report for inclusion in the
RFP Monthly Environmental Monitoring Report.

o Schedule weekly air sampler inspection, biweekly air
sampler filter collection, required sampler maintenance,
air sampler calibrations, and purchase supplies required
for RAAMP air sampler operation and sample collection.

o Scheduling the analysis of sample filters and screening
analytical results.

o Calculate the air sample volume data with the sampler
calibration information.

II LOCAL MONITORING OF TOTAL SUSPENDED PARTICULATE (TSP) AT
INDIVIDUAL ACTIVITY SITES

Monitoring of Total Suspended Particulate (TSP) at individual
activity sites has become a part of the Environmental Restoration
Program at RFP since implementation of the 881 Hillside Phase 1-B

»




Restoration. At the time of Phase 1-B Restoration, concerns for
public safety voiced by CDH, EPA and the public prompted
development of a technique for measuring suspended particulate
concentration on real-time basis. The technique has been refined
sllghtly in the IPPCD so that Total Suspended Particulate (TSP)
is monitored rather than RSP. The technlque relies upon
measuring suspended particulate matter in the immediate vicinity
of the emission source and comparing the measurements with
trigger levels developed in each Site- Spe01f1c Health and Safety
Plan. The trigger level concentration is established to provide
protection for workers potentlally exposed to hazardous
contaminants in soils. This measurement versus criterion
approach, in conjunction with other operational constraints (wind
speed, soil moisture content, etc. ), has been applied
successfully at the 881—H11151de Phase 1-B Restoration project.

TSP monitoring (also referred to as "Lo-Vol" air samplers) is the
responsibility of the individual Project Manager. The Project
Manager can either conduct TSP monitoring himself/herself or
delegate the function to the Site Health and Safety Coordinator
(SHSC) . Normally, the SHSC performs TSP monitoring. The SHSC is
assigned by the RFP Safety and Hygiene Department.

Specific responsibilities of the SHSC that are relevant to the
IPPCD include the following:

o Instrument calibration and maintenance.
o Performing the TSP monitoring activity.

o Reporting monitoring results to the Project Manager and
maintaining required documentation.

Real-time TSP monitoring will be conducted periodically over the
duration of activities that have the potential for producing
appreciable quantities of suspended particulate matter bearing
potentially hazardous substances. Measurements will be conducted
at least twice daily. Additionally, emphasis will be placed on
obtaining measurements at times when particulate emissions are
expected to be greatest (i.e., initiation of intrusive
activities, removal of augers, moving of bulk soils, etc.).

IITI LOCAL HIGH VOLUME AIR MONITORING AT IRA CONSTRUCTION SITES

In cases of earth-moving activities related to IRA construction,
the determination to use local Hi-Vol air sampling as well
pertinent analysis, sampling duration and quality control
requirements will be made at the pre-startup activity review. If
the determination to employ local Hi-Vol air sampling is made, a
representative from the EMAD APG will be assigned to the PM. APG

\ l
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monitors meteorology and air quality for the Environmental
Management Department. The APG representative will be
responsible for operation of the Hi-Vol system establishing any
site-specific Hi-Vol monitoring and reporting air monitoring
data. Once air monitoring samples have been analyzed and
reduced, they will be reported to the PM.

When they are to be employed, Hi-Vol air samplers will be
operational and checked before soil moving activities begin.
Samplers will be calibrated and deemed operational by the APG.
Sample collection frequency, duration and analytical requirements
will be established before soil moving activities begin. As a

‘minimum, samples should be collected no less than twice monthly

over the period of soil-moving activities.

IV ADDITIONAL WORKER HEALTH AND SAFETY MONITORING REQUIRED BY
THE SSH&SP

As required by the IAG and OSHA (29 CRF 1910.120), a Site-
Specific Health and Safety Plan is to be developed for each
Operable Unit (OU) prior to commencement of activities. Site-
Specific Health and Safety Plans are prepared in accordance with
the RFP Environmental Restoration Health and Safety Program Plan
and Workbook. CDH and EPA have reviewed and commented on the
Health and Safety Program Plan and Workbook. Each Site-Specific
Health and Safety Plan identifies specific worker health and
safety monitoring requirements for the various activities
conducted at each OU. When intrusive activities are anticipated,
the Site-Specific Health and Safety Plan will identify any
additional monitoring requirements in addition to those specified
by the IPPCD. Implementation of specific worker health and
safety monitoring requirements for the various activities is the
responsibility of the SH&SC. .




TABLE 1.0
LOCAL AIR MONITORING TRIGGER LEVELS

FOR ’PLUTONIUM IN SOILS

Soil 1.8 Rem/yr. DAC/10

. Activity TSP TSR

pCi/gram mg/m? mg/m’
____________________________ ,
0.001 1060500 200000 ! O. 0‘(Mj
0.01 106050 20000 © —A
0.1 10605 2000
o 1061  ___ @Goo—D i\
5 T 2222 40
10 106 20 _
20 53 10 |
40 | 27 5 3
60 . 18 3 !
80 13 3 /
100 11 2 !
200 5 1 ,
400 3 0.5 ’
600 2 0.3
800 1.3 0.3
1000 1.1 0.2
1500 : 0.7 3
2000 0.5 0
5000 0.2 4
10000 0.1 2
7300007 0.05

50000 0.02 0.004
80000 -~ 0.013 ‘ 0.003
100000 0.011 0.002

Trigger levels are for Total Suspended Particulate matter (TSP)
concentrations measured in the breathing zone as 8-hour, time-
weighted averages. They are based on (1) the Derived Air
Concentration (DAC)/10 which DOE recognizes as the criteria for
implementing respiratory protection and (2) the RFP ALARA based
recommended annual committed effective dose equivalent of 1.8

Rem/year.

Use of This Table
|
1) Identify the approximate soil activity in the area where
intrusive activities are to be conducted.
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.2)

3)

4)

5)

6)

Identify the corresponding DAC/10 and annual committed
effective dose equivalent (i.e., 1.8 Rem/yr.) trigger
levels. Those values represent TSP concentrations that
trigger the following actions:

a) Donning respiratory protection equipment: DAC/10
threshold

B) Stop intrusive actions and reevaluate the activities,
conditions, and precautionary requirements

Measure TSP breathing zone concentrations during intrusive
activities using a Piezometric Balance, Mini-Ram, or
comparable real-time instrument.

If measured TSP concentrations attain the trigger levels
identified above , for a sustained period of time (15-30
minutes), such that the 8-hour time-weighted average could
be approached, follow the appropriate requirements
identified above (A or B) and notify the Site Health ans
Safety Coordinator.

RFP ALARA practice dictates that reasonable measures be
taken to keep exposures to radionuclides as low as
reasonably achievable. This 1mp11es that routine dust
control measures such as local wetting and exposure control
mechanisms such as avoiding the leeward dust plume path
should be considered, to the extent practlcable, regardless
of the TSP measurements.

- Environmental concentration measurements and estimates

embody uncertainties and can vary at a given location.
Thus, users of this table are encouraged to exercise
conservative judgement regarding the selection of trlgger
levels.
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Replaces: 09/01/87

EXCAVATION PERMIT

SCOPE

This practice addresses the responsibilities and required activities
for proper use of the Excavation Permit (see Figure HSP 6.01-1) in
order to ensure that any excavation is made in a safe -and proper
manner and that required review by all responsible personnel is
documented.

APPLICATION

The provisions of this practice apply to all excavations at Rocky
Flats Plant, with the exception of emergencies. In the case of an
emergency, work may be started without an Excavation Permit with the
approval of the Shift Superintendent. This work shall be documented
and coordinated in the same manner as for a routine Excavation
Permit, by the function performing the work, and a formal Excavation
Permit request shall be initiated within 24 hours after the
beginning of the emergency.

DEFINITIONS

Permit Requester

Any responsible user who initiates an Excavation Permit (RF 46635)
request.

Job_Supervisor

Operative manager of personnel who dig the excavation and shore, as
required.

Solid Waste Management Unit (SWMU)

An inactive waste disposal area as defined in the Resource
Conservation and Recovery Act (RCRA). These areas represent known
and unknown hazards to human health and the environment.
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ATTACHMENT CMIC-18a

ROCKY FLATS EXCAVATION PERMIT . 12131988

LOCATION/PROJECT TITLEWCRK DESCRIPTION:

CONTRACT OWGSHEET NO:

CONTRACTOR:
AUTHORIZATICN NO:

PERMIT NO: DRAWING NO:

CAUTICNS/CBSTRUCTIONS/SPECIAL INSTRUCTIONS:

PERMIT LUMITS (DURATION/BOUNDARY) _ .

LOCATOR TAPE ISSUED:

RADIATION MONITORING SURVEY/RESULTS:

APPROVALS
RCRA:
FE(PCSE) PLANT POWER unumes ALARMS SUP) TELECOM COMMSUP.  PLANT PROTECTICH
BURDING INDUSTRIAL MSE AREA ENGR/
ARE CEPT ENVIRCNMENTAL  UQUIO WASTE INO.SAFETY  SUPERINTENDENT HYGIENE SHFT SUPEA

RESPONSIBLE JOB SUUPERVISOR:

OPERATOR:
EXCAVATICN CCORDINATOR: . DATE:

INITIAL INSPELTICN DALY
ay: INITIALS: PR—
DATE: DATE: —
NOTES: CISTRIBUT:CN:
ATTACH CRAVWING SKETCH WhKITE. C.MA.C SiLE
SEE REVERSE SICE FOR ADDITICNAL BLUE: FE (PCSE;
YELLOW: MS3E

INSTRUCTICNS
. CARD: .C8 SiTE

2F 4BE3E [Aev 7891 Suserseces Priviols It3uws

Figure HSP 6.01-1. Excavation Permit
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4.1

4.2

_Ju]y 31, 1989

RESPONSIBILITIES

Job Supervisor/Cbnstruction Management (CM) Excavation Coordinator

The Job Supervisor/CM Excavation Coordinator is responsible for the
following: . ~

0

, Ensuring that a properly completed Excavation Permit is issued

prior to the start of any excavation, or driving of rods deeper
than two feet.

Obtaining Excavation Permits for Contractors.

. Performing daily inspections of all plantsite excavations in

process.

Performing pre-entry inspections of excavations which require
shoring or other means of protection.

Reviewing the map of SWMUs provided by Environmental
Restoration. Locations of SWMUs are to be considered
approximate and caution should be used when excavating near a
unit.

Submitting a sketch of drawing(s) depicting the excavation
site, along with the Excavation Permit request to Facilities
Engineering (PCSE) for approval. The drawing(s) shall remain
with the Excavation Permit request through the review and
approval process. :

H&S Area Engineer

The H&S Area Engineer is responsible for the following:

o

Setting the limits of the Excavation Permit, using input from
permit-coordinating activitie;.

Determining the review/signature requirements for the
Excavation Permit.

Determining, and indicating on the Excavation Permit, whether
survey by Radiological Operations is required.
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4.3

4.4

5.2
5.2.1

5.2.2

July 31, 1989

Facilities Engineering/Plant Civil Structural Engineering (PCSF)
Facilities Engineering/PCSE is responsible for the following:

0 Reviewing and dispositioning the Excavation Permit request and
its accompanying documentation.

0 Assigning the Excavation Permit request a control number and
providing the permit requester and CM Excavation Coordinator
with an updated Site Utility Drawing or sketch of the area.

0 Accompanying the permit requester, CM Excavation Coordinator,
and operator(s) on a walk-through of the worksite to:

1) Visually inspect for obvious obstructlons

2) Discuss methods of execution.
3) Llocate utilities by painting or staking their location.

Environmental Restoration

Environmental Restoration is responsible “for reviewing and approving
excavations in any SWMU. i

WORK PRACTICES
Submitt{ng.the Excavation Permit Request.

The Job Supervisor or CM Excavation Coordinator shall submit with
the Excavation Permit request a sketch or drawing(s) depicting the
excavation site to Facilities Engineering/PCSE for approval.
Notifications ‘

Job Supervisor

The Job Supervisor/CM Excavation Coordinator must be notified, at
least 72 hours in advance, of all excavations prior to the start of
the job.

Fire Department

Notify the Fire Department for either of the following:

0 If excavations are expected to be deeper than nine feet
(X4336). '

0 In the event of fire, cave-in or medical emergency (X2911).




= L Y

HEALTH & SAFETY PRACTICES HSP 6.01
Excavation Permit Page 5 of -11

5.2.3

5.3

5.4
5.4.1

5.4.2

5.4.3

5.4.4

5.4.5
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Solid Waste Management Unit (SWMU) Notifications
See Paragraph 5.4.6 for SWMU notifications.

Personal Protective Equipment

Required personal protective equipment shall be identified on the
H&S Work Permit, per HSP 6.05, "Radiological/H&S Work Permits."

Preplanning

Minimum Distance for Spoil Placement

The'Spoil from any excavation shall be placed a minimum of four feet
from at least one side of the excavation lip. This will allow a
clear area for rescue equipment.

Excavating Near Security Fences

When an excavation will be near or pass under a security fence,
prior notification must be given to Plant Protection. This shall
ensure that appropriate security is maintained at all times.

Providing Safe Access/Egress to/from Excavations Deeper than 4-Feet

Make adequate provision for safe access to and egress from any
excavation deeper than four feet. Ladders shall be placed to limit
travel distance to a maximum of 25 feet. Use ladders of sufficient
length to extend from the bottom of the trench to at least 3 feet .
above the surface of the ground.

Reviewing Drawings/Sketches

Review reference drawings and/or sketches provided by PCSE. Depth
and locations of obstructions listed or indicated on reference
drawings issued in conjunction with the permit are to be considered
approximate.

Excavating Near Known Obstructions

Excavation should be done with extreme caution when performed within
3 feet (horizontal and vertical) of any known obstruction.
Exploration to determine the exact location and depth shall be
performed near existing utilities by probing or by digging with
hand-held shovels. 1
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5.4.6

5.4.7

5.4.8

5.4.9

5.4.10

5.4.11
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Excavating in SWMUs

Read the description of the SWMU unit to obtain information on known
or potential site hazards.

1) For Non-Emergency Immediate Need Excavation in SWMUs

Notify Environmental Restoration, Industrial Hygiene, and
Radiological Operations of the area and need as soon as
possible. These groups shall determine appropriate worker and
environmental safety precautions.

2) For Emergency Excavation in SWMUs

Follow procedures for workers and environmental safety, as
provided by Industrial Hygiene and Radiological Operations.
Notify the Shift Superintendent.

Excavating With Heavy Equipment

When excavation is being performed with heavy equipment, a second
person, in addition to the operator, shall be stationed within
viewing distance of the excavation to visually verify any unusual
changes in excavation material such as clay to sand, concrete,
locator tape, etc.

When Utility Line Burial is Involved.

If utility line burial is involved, a metallic-backed, orange-

- colored locator tape shall be installed with the utility line, in

accordance with Facilities Engineering requirements.
Noting Existing Utilities on the Site Utility Drawing

As work progresses, the CM Excavation Coordinator shall note the
location of existing utilities on the Site Utility Drawing(s), and
whether that location differs from the drawing. All new utilities
shall be annotated on the drawing. :

Encountering Unusual Substances

If any unusual substances, odors, liquids or materials are
encountered during excavation, notification shall be made to
Environmental Restoration, Industrial Hygiene, and Radiological
Operations.

Protecting or Barricading the Excavation
Adequately protect or barricade the excavation at all times.

Protection consists of physical barriers, such as covers, fencing,
planking, railing and warning/caution signs and lights.
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Working Near Loads or Earthmoving Equipment

Do not work under or near loads, or earthmoving equipment.

Special Assistance

Encountering Buried Objects or Suspect Liquids P

Obtain Radiological Operations, Environmental Restoration, and
Industrial Hygiene assistance if any buried objects or liquid from
possible broken or leaking buried lines are encountered.

Encountering Unidentified Obstructions

When unidentified obstructions are encountered, immediately stop the
excavation work and notify the responsible Job Supervisor or CM
Excavation Coordinator to request assistance from Facilities

Engineering (PCSE) to identify the obstructions. PCSE shall use
this input to update the Master Site Utility Drawings.

SHORING REQUIREMENTS
Concurrence with OSHA Standard
Shoring requirements shall concur with OSHA 29 CFR'1926.

Shoring _and Shaping

Unless the excavation is in solid rock, shore the sides of all
excavations five feet or more deep, or shape to the proper angle of
repose at any location where personnel entry is required.

Specification

The length of the shored or shaped work location must include the
effective work zone, plus a safety zone equal in length to the depth
of the trench on either side of the work zone. A trench shield may
also be used when appropriate (see Figures HSP 6.01-2 and HSP 6.01-
3).
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Figure HSP 6.01-2. Approximate Angle of Repose for Sloping of Sides of
‘ Excavations
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Figure HSP 6.01-3. One Example of Several Types of Sheeting
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6.3.1

6.3.2

6.3.3

6.4

6.5

6.6

6.7
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Use of Trench Jacks

Instead of wooden timbers, trench jacks may be used for shoring if
they are used in accordance with the manufacturer’s capacity
specifications.

Plywood or Wooden Sheeting

Plywood or other wooden sheeting shall not be less than 3/4 inch;
piling or shoring shall not be less than necessary to support the
side of the excavation. For additional information, see OSHA 29 CFR
1926, Subpart P, Table P-2.

Use of Prefabricated Moveable Trench Shield

Use of a prefabricated moveable trench shield may be substituted for
shoring, if the specific application is approved by the H&S Area
Engineer or the CM Excavation Coordinator.

Shoring an Entire Excavation

If the entire excavation is to be shored, shore the excavation as |
the digging proceeds. Place the shoring as close to the end of the
excavation as the excavating equipment shall permit. Install

shoring from the top down; remove shoring from the bottom up.

Inspection Frequency and Protection Levels

Inspect all excavations daily and especially after storms or other
hazard-increasing occurrences; increase the protection against
slides and cave-ins, as required.

Inspection and Approvals Prior to Personnel Entry

Prior to the initial entry by personnel into a shored excavation,
the CM Excavation Coordinator, a representative from Occupational
Safety, and the H&S Area Engineer must inspect the shoring and
shoring technique and sign off on the posted copy of the Excavation
Permit. If there is a change to the excavation or shoring
configuration as the job progresses, this inspection must be redone.

Updating the Drawing When Required

Upon job completion, the CM Excavation Coordinator shall provide the
updated drawing, marked with horizontal and vertical coordinates
locating the line(s). PCSE shall, in turn, update the Master Site
Utility Drawing. If difficulty is encountered in locating the XYZ
coordinates, the CM Excavation Coordinator shall contact PCSE for
assistance.
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6.8 Additional Information

For additional information on safety for excavations and trenches,
see OSHA 29 CFR 1926. ’
7. FORMS
RF 13010, "Work Permit"
RF 46635, "Excavation Permit"

8. REFERENCES
OSHA 29 CFRNIQZG, "Construction Industry Standards”
HSP 6.05, "Radiological/H&S Work Permit”

RFP Inactive Waste Units, Reference: May, Chen and Associates
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RADIOLOGICAL/H&S WORK PERMIT

1.

SCOPE

This practice establishes the requirements and responsibilities for
issuing a Radiological/H&S Work Permit (see Figures HSP 6.05-1, 2,
and 3). A Radiological/H&S Work Permit identifies the necessary
precautions to be taken for the safety and health of personnel and
the protection of property.

APPLICATION

Radiological/H&S Work Permits are required for jobs specified in
Section 5.

DEFINITIONS

Job_Supervisor

The immediate supervisor of the employees performing the work. For
contractor work, the Job Supervisor is the Construction Management
(CM) Coordinator.

Responsibie User

The supervisor who normally controls the area or equipment.
Job Personnel

The employees actually performing the work described on the
Radiological/H&S Work Permit.

GENERAL RESPONSIBILITIES

Job_Supervisor

The Job Supervisor is responsible for initiating a Radiological/H&S
Work Permit when requ1red for coordinating the compietion of the
permit, for ensuring the overall safety of the job, and for
complying with the requirements of this practice.
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RADIOLOGICAL/HEALTH & SAFETY WORK PERMIT
Instructions and requirements for the use of this form are contained in H&S 6.05 RadiologicaVH&S Work Pemnit
SECTION | - JOB INFORMATION (To bé completed by job supervisor or perma initiator)
Job Name Auth or WO 3
Bigg. Room # Date From {AMPM) To (AMPM)
Scaope of Work
SECTION 1l - DESCRIPTION OF HAZARDS (To be completed by responsiie user)
MATERIAL HAZARDS ELECTRICAL HAZARDS HIGH TEMP/MIGH PRESSURE
HNO, (Nitric Acid) Energized System? — Vacuum
HCI (Hyarochioric Acid) Yeos No Ambient Pressure
H,SO, (Sulturic Acid) 120V ___<1Spsig
HE (Hydrofuoric Acid) 220V »15 psig
_— Caustic 480V
.. Flammables 0oV Below Ambient Temp
____Trichioroethylone ____ Above 600V
___ Berylium v —_ Ambient Temp
—__ Putonium — Laser invoivea? ____ Above Ambient Temp
Uranium e Microwawe Invoived? F
—_Asbestos —___ Steam System
____ Hydraulic System
Fire Suppression Interruption? Yes ____No
Other hazards and precautions
SECTION Uil - RADIOLOGICAL AND NONRADIOLOGICAL SAFETY REQUIREMENTS (To be d by Radiological P and/or H&S Arsa
Engineer).
JSARECUEED ____ Yes No A" PACKAGE REQUIRED ____ Yoo ___No
JOBSTE REVEWREQUIRCD ____Yes ____ No RADICLOGICAL PRO OGIST (APT) —YES __ N
PROTECTIVE APPAREL BARIOLOGICAL PROTECTION PRE-JOR SURVEY
Coverails Halt Mask
— Tyvek Sutt Full Face Contamination levels and extent
—__ Plastic Suit — Supplied Breathing Air
Acid Suit . SCBA
— Surgeon's Gloves Chemical Canister Gamma
___ Pastic Gloves Neutron
— Rubber Gloves BADRIOLOGICAL PROTECTION Limitati
___ Leatner Gloves
. CiothCap —___Startof job
— Ciloth Hood —Oncail
____ Ptastic Hood — Fulltime RPT Signature '
___ Booties ’
____Plastic Booties
—_ Rubber Boots —- TLD Dosimeter BADIOLOGICAL PROTECTION POST-JORB SURVEY
Satety Glasses — Extremity Dosimeter
__Goggles Special Dosimeter Contamination leveis and extent
Face Shieid
— Hard Hat ELECTRICAL PROTECTION
Hearing Protection BEQUIREMENTS Gamma
Taped Openings {Consult Job Supervisor) Neutron
— Other Insulating Mat
— insulating Blanket
CONTAMINATION CONTHOL e Cover up
YENTILATION REQUIREMENTS  ___High Voltage Slesves RPT Signature
____ High Voltage Gioves
_ Containment Pen Class |
Plastic House — Class if
SBA House __ Hot Sticks Other Sp. Requi
Plastc Skove ____TNC Tracer
.. Glove Bag . Insulated Bucket Truck
_ . Air Mover .. Grounding Cable
... Down Dratt . Grounding Stick
. . GB Exhaust
. Other
RF-13010 (Rev. 200) Suparceses Previous heuee Page 102

Figure HSP 6.05-1.

Radiological/H&S Work Permit, Page 1
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»

INSTRUCTlONS FOR COMPLETING RADIOLOGICAL/HEALTH & SAFETY WORK PERMIT
(Relfer to H3 S 6.05, Radiological/MHealh & Salety Work Permit procedure for full explanation)

SECTION 1-.ob Information

This on s to be plated by the job supervisor (the immediate supervisor of the employees performing the work) or a designated
permit Inktlator. Far contractor worlk, the job suparvisar is the CM coordinator.

JOB NAME: Enter name of job as it appears on work order or construction package.

AUTH OR WOW#: Enter authorization or work order number.

BLDG. and ROOM #: Enter the bullding and room number in which the work will be pertormed.

DATE, FROM, and TO: Enter the stan date and times for which the permit is valid,

SCOPE OF WORK: Enter a brief description of the work to be performed during the duration of this permit.

SECTION It - Description of Hazands
This section is to be completed by the responsible user (the supervisor who normally controis the area or equipment). wmm
hazards may be present in the systems on which the work will be performed and in the sunounding area.

MATERIAL HAZARDS: Check what chemical and material hazards exist. Write in any other hazards that are not listed.
ELECTRICAL HAZARDS: Check whether the subject systems witl be energized when the work is pertormed. Check the voltage level
it applicable and |f a laser or microwave hazard exists.

HIGH TEMPHIGH PRESSURE: Indi the temperature and pr of the subject systems.

FIRE SUPPRESSION INTERRUPTION: Indicate I the fire suppression system in the area will be interrupted.

OTHER HAZARDS AND PRECAUTIONS: Enter any other hazards and precautions that do not appear eigewhers on the permit,

This section is to be comploted by the H3S Area Engineer and, ¥ the job involves passible radicactive contamination, Radiologicat
Protaction. The H&S Area Engineer will determine it a Jobalte Review is required and if Radiological Protection input is required and
Indicate so at the top of this section.

PROTECTIVE APPAREL: Check the protective apparsl required. Consider radiological, chemical, electrical, and other satety hazards
when completing this section.
CONTAMINATION CONTROUVENTILATION REQUIREMENTS: Check any special comaminationcentrol orventilation requiraments.
RESPIRATORY REQUIREMENTS: Check respirator requiraments for radiological and chernical hazards.
RADIOLOGICAL PROTECTION REQUIREMENTS: Indicate if Radiological Protection coverage is required at the start of job only, on
an "on call® basig, or on the job full time.
DOSIMETRY REQUIREMENTS: Indicate dosimetry requirements.
ELECTRICAL PROTECTION REQUIREMENTS: The H&S Area Enginear shouid consult with the job supervisor In arder to complets
this section. Indicate electrica! protection required.
RADIOLOGICAL PRE-JOB SURVEY: Radiological Protection will survey the work area, complete this section and sign before the job
begins.
RADIOLOGICAL POST-JOB SURVEY: Radiological Protection will survey the area at the completion of the job, complete this section
and sign.

' OTHER SPECIAL REQUIREMENTS: Any safety requirements not covered by the checkiists in this section will be noted here.

SECTION [V - Praparation for the Job

The majority of this section is to be plated by the responsible user. The questions concerning lockout and tagout is to be completed
jointly by the user and job supervisor.

SECTION ¥ - Approval Signatures

The work will be reviewed with all personnel that will be involved in the job. They will then sign that they understand the permit and the

requirements. The job supervisor or responsible user wilt notify the building manager of the upcoming work and initia! the permit. The

responsible user, job supervisor, H8S Area Engineer, and any other H&S discipline required by the Area Enginear will sign the pemit.

When applicable, the Radiological Protection Foreman and contractor supervisor will also sign this section.

SECTION V1 - Parmit Extension

The permit can be extended beyond one shift only with the permission of the H&S Area Engineer. The job supervisor(s) must tour the

work area each working shift of each working day 1o ensure compilance with H&S requirements and tnitial Section Vi of the white copy
' and the card copy to indicate this was done.

DISTRIBUTION

Distribute and retain as indicated. Post card at the jobsite, and remove and destroy the card when the permit has expired.

Figure HSP 6.05-2. Instructions for Completing Radiological/H&S Work Permit
(on back of RF 13010)
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RADIOLOGICALMHEALTH 8 SAFETY WORK PERMIT - CONTINUED
AuthorwO & Date
SECTION {V - PREPARATION FOR THE JOB (Tobe p by the siblo User and job supervisor)
The area or equipment is mady to bo worked on and Is in sate condition e Yes
The Y 8y have been shutck drai otc. —Yeos ___NA
The necessary systems have been locked outtagged out. 8 Yes NA
Vottage checked after lock oul Yeos N/A
Utittios has been notified of upcoming work and s prepared. —_Yes __NA
The Fire Department has been notified of up ing work and is prepar Yeos ___ NA
SECTION ¥ - APPROVAL SIGNATURES
THE ABOVE REQUIREMENTS HAVE BEEN REVIEWED WITH AND ARE UNDERSTOOD 8Y ALL JOB PERSONNEL.
(Job personnel signatures)
The Buiiding Manager (or designeo) has been notitied of ing work .
(notifier's initials)
THE SIGNATURES BELOW INDICATE REVIEW AND CONCURRENCE WITH THE WORK PERMIT.
Responsbie User Job Supervisor
RPT Foreman (¥ applicable) : Contractor Suparvisor (it applicable)
HAS Area Engineer Other
SECTION V1 - PERMIT EXTENSION
WORK PERMIT EXTENDED TO:
HAS Area Engineer
Job Supervisor agrees to tour area daily 1o ensure ol with H&S require {Initiats required for sach day of extension)
Dates:
initials;
RISTRIBUTION
Job Supervisor - White (retain permanently with job file)
Responsble Usar - Biue (retain for 30 days)
Ragiclogical Protection - Yellow (retain for 30 days)
HAS Area Engineer- Green (into copy)
POST CARD AT JOB SITE
FIRE AND EMERGENCY - DIAL 2911 Page2012

Figure HSP 6.05-3. Radiological/H&S Work Permit, Page 2
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4.2 Responsible User .

The Responsible User must comply with these requirements and is
responsible for communicating to the workers any hazard that exists
in the area.

4.3 Job Personnel

Job personnel shall comply with these requirements and the
precautions specified on the H&S Work Permit.

4.4 H&S Area Engineer

The H&S Area Engineer reviews and signs all Radiological/H&S Work
Permits and ensures review by the H&S disciplines and the Fire
Department, when necessary.

4.5 Operations Manager

- The Operations Manager, who is notified of all work covered by a
Radiological/H&S Work Permit shortly before the work begins, has the
authority to modify or halt work plans. .

5. REQUIRED PERMITS AND REVIEW
A Radiological/H&S Work Permit is required for the following jobs:

5.1. Breaking the Primary Containment of a Radioactive System

When breaking the primary containment of a radioactive system,
except for routine work which is covered by an H&S-approved
practice.

Work perm1ts for this type of work require concurrence from
Radiological Operations.

5.2 Work Using Breathing Air

When personnel perform work using breathing air, i.e., self-
contained or supplied air, except for work which is covered by an
H&S-approved practice.

i .
5.3 Work Inside Plenums., Ducts, Gloveboxes

When personnel shall be working inside plenums, ducts, or
gloveboxes. "Working inside" is interpreted as the entire body being
inside the duct, glovebox or plenum. In such cases, the permit must
be reviewed and signed by the Operations Manager as the Responsible
User.
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5.4

5.5

5.6

5.7

5.8

5.9
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Work on Air-Handling Systems, Air Stacks

For any work on air-handling systems, including opening of exhaust
systems, or work on air stacks, etc;, except for pre-filter changing
of room-air exhaust ducts, heating, ventilating, and supply plenums.

Glovebox and Hood Filter Changes
For glovebaox and hood filter changing.

Work on Radioactive Sources

For any work on radiation-producing devices or systems containing
radioactive sources except alpha-mets and combos {combination
hand/foot checking instruments).

Exhaust and Plenum Filter Changing

For exhaust and recirculating plenum filter changing.

Physical Changes to Potable Water or Process Orainage

For any physical changes fO»potab1e water or process drainage.

Interruption of Environmental Samplers

For interruption of environmental samplers.

Work on Exposed Electrical Systems

For work on exposed electrical systems, as follows:
o High voltage (>600 V-AC), energized or de-energized.
0 Repair of any energized electrical system.

o Troubleshooting, testing, or calibrating any energized electrical
system, except when both of the following two conditions are met:

The work is performed by one of the following crafts:
Alarm/Telecommunications Technician; Auto Mechanic/Vehicle
Modification Mechanic (vehicles only); Electrician Technician;
Electronics Technician; Lineman-Electrician; Electrician;
Qualified Support Engineers; Metrology Technicians;

and

The craftsperson/qualified Support Engineer has been trained in
safe work practices of electrical systems/equipment, is aware of
electrical hazards and the necessary protective requirements, and
the training is documented.
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Specified Inter?uotion of Electric Power

For interruption of electric power affecting more than the piece of
equipment being worked on, except for scheduled power outages.

Specified Nonroutine Hoisting/Riaqqing of Equipment

For nonroutine hoisting/rigging of equipment during construction or
maintenance operations, such as gloveboxes, machinery, transformers
or other critical equipment.

Possibility of Specified Contaminant Release

For any job where the possibility exists for a radioactive or
hazardous contaminant release to the outside environment, either by
air, liquids, or solids.

Known or Suspected Beryllium/Asbestos Contamination

Where beryllium or asbestos contamination is known or suspected to
be present or would be released during the work activity, except for
routine production operations which are covered by an H&S-approved
practice.

Potential for Hazard Exists

Where a hazard is suspected to exist or could be created, such as
work involving high pressure (greater than 15 ibs per sq. in.), high
temperature (greater than 200°F), caustics, acids, or other
hazardous materials per HSP 9.07, "Written Hazard Communications
Program."

Temporary Reassignment of Equipment

For temporary reassignment to Maintenance of the responsibility for
an area or piece of equipment.

Operating Mobile Cranes Qutside Designated Construction Area

When operating mobile cranes outside of the designated construction
area and near existing structures or recognized hazards, e.g., near
overhead power lines and surfaces. |

When Requested by the Originator of the Permit

If requested by the originator of the permit, any employee involved
in the preparation or execution of the job, the Job Supervisor, the
Responsible User, an H&S Area Engineer, any H&S discipline, or the
Fire Department.
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5.19

5.20

6.2

6.2.1
l 6.2.1.1
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Painting with F]amﬁab]e—Based Paints

For any painting with flammable-based paints (see HSP/FLP 34.04).
Specified Ladder/Scaffold Work in a Controlled Area

A1l work performed in a Controlled Area from a ladder or scaffold
not covered by an H&S approved procedure.

RESPONSIBILITIES AND REQUIREMENTS

Issuance

The Job Supervisor shall ensure that a Rad1o1og1ca1/H&S Work Permit
is issued when required (see Section 5).

How to Complete the Radiological/H&S Work Permit

Figure HSP 6.05-4 summarizes the activities in completing a
Radiological/H&S Work Permit. The instructions for completing the
permit are as follows: ,

Section I: Job Information

This section is to be completed by the Job Supervisor. For
contractor work, the Job Supervisor is the CM Coordinator.

JOB NAME: Enter the name of job as it appears on the work order or
construction package.

AUTH OR WO0#: Enter the authorization or work order number.

BLDG. and ROOM#: Enter the building and room number in which the
work will be performed.

DATE, FROM, and TO: Enter the start date and times for which the
permit is valid.

SCOPE OF WORK: Enter a brief description of the work to be
performed during the duration of the permit. Identify any related
work instructions such as an "A" or "B" package, Job Safety Analysis
(JSA) or other written instructions and submit to the H&S Area
Engineer for review with the permit, including only that portion of
the work to be covered by the work permit. Specify the location of
the worksite using established identifiers such as column numbers,
glovebox numbers or electrical panel numbers. Fixed Price and CPFF
construction contracts shall not require the "A" or "B" package for
authorization work. The JSA or written instructions requirement
shall be determined on a case-by-case basis by the H&S Area Engineer
and Construction Safety. Other activities requiring a work permit
shall be determined on a case-by-case basis by the H&S Area
Engineer.
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RESPONSIBILITY
f 1
|  Complete Section I | Job Supervisor
L J
o
|
¥ l 1 '
|Complete Section II & IV| Responsible User
| |
i
I
I
{ l )
| Complete Section III | H&S Area Engineer
- ' and Radiological Operations
Foreman*

Job Supervisor
and Job Personnel

I
[Job Review with Workers
Sign Section V

l I
l y |
A}
.

e —

|
Pre-Job Survey*

Radiological Operations

| ]

R —

Technologists
t
|
|
L
§ 1 . .
Work Begins - Job Personnel
1 . |
|
|
I I 1
| Work Completed | Job Personnel
| |
I
|
f l L
| Post-Job Survey* | Radiological Operations
1 ' Technologists

* Required only if working in an area of potential radioactive
contamination. :

Figure HSP 6.05-4. Flowchart for Radiological/H&S Work Permit
i , i




S W My Uy EME ABE PN Eu SN BN SN me
, ) ] _

HEALTH & SAFETY PRACTICES HSP 6.05
Radiological/H&S Work Permit Page 10 of 17

6.2.2

6.2.2.1

6.2.2.2

6.2.2.3

6.2.3

6.2.3.1
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Section II: Description of Hazards and Section IV - Preparation for
the Job

The Responsible User completes Sections II and IV.

In Section II the Responsible User shall describe the hazards that
may be present in the systems on which the work will be performed

and in the surrounding areas.

MATERIAL HAZARDS: Check what chemical and material hazards exist.
Write in any other hazards that are not listed.

ELECTRICAL HAZARDS: Check whether the subject systems will be
energized when the work is performed. Check the voltage level if
applicable and if a laser or microwave hazard exists.

HIGH TEMP/HIGH PRESSURE: Indicate the temperature and pressure
condition of the subject systems and if the system is a steam or
hydraulic system.

FIRE SUPPRESSION INTERRUPTION: Indicate if fire suppression in the
area will be interrupted.

OTHER HAZARDS AND PRECAUTIONS: Enter any other hazards and
precautions that do not appear elsewhere on the permit.

In Section IV the Responsible User shall answer the questions
listed. The Responsible User may request assistance from the Job
Supervisor in answering the questions pertaining to lockout and
tagout and coordination with Utilities and the Fire Department.

After completing Sections II and IV, the Responsible User may sign
Section V. The Responsible User may wait until the entire permit is

-completed before signing it.

Section IIl: Radiological and Nonradiological Safety Requirements

This section is to be completed by the H&S Area Engineer and, if the
job involves possible radioactive contamination, Radiological
Operations. Radiological Engineering review and approval is
required for all work inside a Controlled Area, and for work
involving radioactive materials or radiation producing devices
outside a Controlled Area. |

The H&S Area Engineer shall review the scope of the job, determine
if a job site review is required, and indicate so at the top of
Section III.

If a job site review is required, the Job Supervisor, Responsible
User, H&S Area Engineer and any other necessary personnel shall
visit the job site before completing the H&S Work Permit within 24
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hours before the job is to begin. They shall discuss the work to be
performed and identify any hazards and safety precautions which must
be taken. Relevant safety information from this review shall be
entered on the work permit.

The H&S Area Engineer shall indicate if this job requires an "A"
Package or a Job Safety Analysis (JSA) based on the following
criteria:

"A* Package

An "A" Package is required for specified Maintenance work as
described in Maintenance Procedure 3.4, "Maintenance Department Work
Packages," and for the following H&S-related applications:

0 A1l new authorizations, addenda and Field Change Orders which
include site preparation, construction, and installation..

0 Repair, replacement, modification, and/or installation work
orders where radionuclide or hazardous contamination exist
and/or primary containment is breached.

(] Repairs and replacements of all mechanical and electrical items
where systems cannot be locked out.

0 Any construction work on roofs and unguarded elevated platforms
over 16 feet above ground or any excavations deeper than five
feet.

Job Safety Analysis

A JSA consists of the basic job steps, identification of potential
hazards, and precautions which shall be taken, per HSP 2.11, "Job
Safety Analysis." A JSA is required for contractor work meeting the
following criteria:

o - Construction work on roofs and unguarded elevated platforms
over 16 feet above the ground.

0 Construction work involving excavations deeper than five feet.

0 Construction work performed in a radiation Controlled Area or
involving hazardous materials with an NFPA rating of 4.

The H&S Area Engineer may request a JSA for any other work not
meeting the above criteria if he/she deems it necessary to ensure
that the job is completed safely.
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6.2.3.3

6.2.3.4

6.2.3.5

6.2.3.6
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The "A" Package or USA shall be available for the H&S Area Engineer
to review before the job begins. Preparatory and post-job
activities not involving activities defined in Section 5 may be
accomplished without a work permit.

Multiple Work Permits

Jobs with several unrelated hazards may require the issuance of
multiple work permits to authorize performance of specific work
segments. When multiple work permits are utilized, the required "A"
package or JSA shall have hold points to indicate when a work permit

~is required.

Possible Radicactive Contamination

If the job involves possible radioactive contamination, Radiological
Operations input and a pre-job and post-job radiation survey are
required. The H&S Area Engineer shall indicate this requirement at
the top of Section III.

The remainder of Section III shall be completed by the H&S Area
Engineer and Radiological Operations as follows:

PROTECTIVE APPAREL: Check the protective apparel required.
Consider radiological, chemical, electrical, and other safety
hazards when completing this section.

CONTAMINATION CONTROL/VENTILATION REQUIREMENTS: Check any special
contamination control or ventilation requirements. (Note: The need
for a portable SAAM shall be noted on the "other" line of this
section.)

RESPIRATORY REQUIREMENTS: Check respirator requirements for
radiological and chemical hazards.

RADIOLOGICAL OPERATIONS REQUIREMENTS: Indicate if Radiological
Operations coverage is required at the start of job only, at the
start and at the end, on an "on call" basis, or on the job full
time.

DOSIMETRY REQUIREMENTS: Indicate dosimetry requirements.

ELECTRICAL PROTECTION REQUIREMENTS: The H&S Area Engineer shall
consult with the Job Supervisor in order to complete this section.
Indicate electrical protection required.

RADIOLOGICAL OPERATIONS PRE-JOB SURVEY: Before the job begins,
Radiological Operations shall survey the work area, compliete this
section and sign.
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6.2

6.2.

6.2.

6.2

6.2.

6.2.
6.2.

6.2.

3.7

4.1

4.2

4.3

5.1

5.2

June 20, 1990

RADIOLOGICAL OPERATIONS POST-JOB SURVEY: Radiological Operations
shall survey the area at the completion of the job, complete this
section and sign.

OTHER SPECIAL REQUIREMENTS: Any safety requirements (e.qg.,
scaffolding or excavation shoring) not covered by the checklists in
this section shall be noted here.

After completing applicable parts of Section III, the Radiological
Operations Foreman shall sign Section V. For those jobs requiring
the support of Radiological Operations (RO), the RO Foreman shall
review and sign Section V a second time, validating the work permit
after the RPT has completed the pre-job survey, and before work
commences.

Section V - Approval Signatures

The H&S Area Engineer shall review the entire permit and sign
Section V.

At this point, the first four sections of the Radiological/H&S Work
Permit shall be complete except for the pre-job survey and final
sign-off by the RO Foreman, when applicable. The permit will have
been signed by the Respon51b1e User, the H&S Area Engineer, and when
applicable, the RO Foreman.

The permit shall now be reviewed and signed by the Job Supervisor
and, if the work is to be performed by contractors, the contractor
supervisor,

The Job Supervisor shall notify the Operations Manager that the work
is ready to begin and shall initial Section V.

"The Job Supervisor shall review the entire Radiological/H&S Work

Permit with all job personnel, and shall emphasize the hazards
(Section II) and the safety requirements (Section III). A1l job .
personnel shall sign Section V and the work may begin. Any change
of job personnel shall require that replacement personnel be briefed
and that they sign in Section V.

Section VI: Permit Extension

The actual work shall proceed during the time specified on the work
permit. Normally, a Radiological/H&S Work Permit is issued for only
one shift of work unless extended by overtime and/or specifically
approved by the H&S Area Engineer.

The H&S Area Engineer may authorize an extension of the H&S Work
Permit under extreme circumstances after the actual work has

started. The extension date shall be entered on the form and the
H&S Area Engineer shall sign Section VI. Extensions for CPFF and
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6.2.5.3

6.2.5.4

6.2.6
6.2.6.1

6.2.6.2

6.3

June 20, 1990

Fixed Price Authorization non-radiological work may be granted up to
seven consecutive days when the permit is issued, including all
three shifts of each day.

For all Radiological/H&S Work Permit extensions granted, the Job
Supervisor is required to review the work area daily to ensure
compliance with health, safety and environmental standards. The Job
Supervisor acknowledges that this review has been conducted by
entering the date and his/her initials in the blanks provided. If
work is being performed on more than one shift, each Job Supervisor
on each shift shall initial. Initials and dates shall be entered on
the Job Supervisor’s white copy of the permit and the posted card
copy of the permit.

Extensions are subject to cancellation by the H&S Area Engineer if
violations to the above requirements are cited.

Changing Conditions

If, during the life of the permit, conditions in the job area change
or job personnel change, a new work permit is not necessarily
required.

o Minor Changes . R

Minor changes in the work permit can be made as long as these
changes are noted on the white copy and card copy of the permit
and initialed and dated by the H&S Area Engineer and the
changes are clearly understandable after the work permit is
modified. Any changes must be reviewed with the job personnel.

o New Personnel

Similarly, any new peréonne1 added to thé.JOb dur1ng-the life
of the work permit shall review the permit and sign the whlte
copy and card copy of the permit.

Major changes in personne] or job conditions, that cannot be clearly
indicated on the existing work permit, may dictate that a new work
permit be generated.

Post-Job Survey

If Rad1o1og1ca1 Operations was required on the job, a post- Job
radiation protection survey shall be performed when the job is
completed. Prior to the release of an area or item, the survey
shall indicate that the area or item has been returned to the fixed
and removable levels, per ROI 3.1. The results must be recorded on
the last Radiological/H&S Work Permit issued for the job (on the
white and yellow copies of the form, as a minimum).
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6.4
6.4.1

6.4.2

6.5

June 20, 1990

H&S Review
Regular Shift

The H&S Area Engineer shall review and sign all Radiological/H&S
Work Permits and shall coordinate additional review by other H&S
disciplines and the Fire Department, if required. A1l work
requiring work permits must be scheduled through the Plan-of-the-
Day (POD) meeting where applicable. Ideally, all work for the
following day should be identified at the POD and available for
review by H&S.

OffiShifts

On off-shifts, the permit shall be reviewed and signed by the off-
shift H&S Area Engineer on duty. Work scheduled for weekends shall
be identified at the Friday POD meetings where applicable. This
work shall be reviewed after the POD meetings and the applicable
work permits signed by the appropriate H&S disciplines by close-of-
business (COB) Friday. If a work permit is more than 8-hours old
when the work is scheduled to commence, the Job Supervisor shall
review the perm1t to assure that it addresses current conditions.

Another alternative to weekend work is to arrange with the weekend
"on-call" H&S Area Engineer to be available at a specific time
during the weekend to sign the permit. In the event that no H&S
Area Engineer is available, Radiological Operations management or
the Shift Superintendent can review the permit and sign for the H&S
Area Engineer.

Distribution, Retention, and Posting

Copies of the permit shall be distributed as indicated on the form.
Permits shall be retained permanently with the job file by the Job
Supervisor and for 30 days after the original issue date by the
Responsible User and Radiological Operations supervision. The card
copy of the permit shall be posted at the job site, removed, and
destroyed after the permit has expired.

FORM

RF 13010, "Radiological/H&S Work Permit"

REFERENCES
HSP 2.02, "Plan For ALARA"
HSP 2.08, “Lockout/Tagout"
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_HSP 24.01, "Safetx Responsibilities for Construction Contractors"
HSP/FLP 34.04, "Application of Floor Paint and Sealer"
Mtce 3.4, "Maintenance Work Packages"

ROI 3.1, "Performance of Surface Contamination Surveys"

' .

| For additional information on this practice, contact

| K. E. Cavin, Radiological Building Engineering, x5151,
I

|

S ——

E
or W. R. Richardson, H&S Area Engineering, x2325.
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HAw Fiee “/15/50
D. W. Ferrera Date
Director, Support Services
! ' ’ é/o?@/?a
K. J. Freiberg VA Ddte
(Zf/l Manager, Maintanance '
- - ]
/ | <
y & \\ —— s ) //I‘é‘
D. M. Hardin i Date 7 /
Acting Manager, Radiological Operations :
, .
Wéféz«— &/r9/9c
Miller Date 7
Manager, Fire Department
JLM 6-15-59
J. M. Shaffer Date
Manager, FPM Program Control
v
L a w=19-90
J. D. Weaver Date

Manager, H&S Area Engineering
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