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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
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

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 will provide 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 Interagency Agreement
(IAG), the site is broken into 16 operable units (OU) containing 178 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. . .



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:

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 for 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.

2



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.

1.2.1 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
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
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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 hazardous waste site investigation. For purposes of the PPCD, Interim Remedial
Actions (IM/IRAs) are also considered.

Table 1 identifies three specific stages of intrusive field activities that could
occur during the RFI/RI process at RFP. Table 1 also identifies three populations
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

. Remedial Investigation/Interim Remedial Action Period. During this
period of RFI/RI activities, investigation-driven intrusive activities are
being performed at the site. Such activities include: borehole and
monitoring well installation and small scale excavation such as test-pit
installations.  Additionally, as indicated above, IM/IRAs may be
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.
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No Action Period. This segment of the RFI/RI process comprises
periods when no intrusive field activities are being conducted; thus,
contaminants are not being released as a result of such activities.
Releases due to other actions or circumstances discovered during No
Action periods will be addressed through initiation of IM/IRA’s, as

necessary to alleviate threats to public health or the environment.

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-moving,
and other heavy mechanized actions related to cleanup. Generally,
emissions generated as a result of these activities will 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 indicates that the hazards to the three potentially
exposed populations during the no action stages, with the exception of remediation
workers, will be evaluated in the BRAs. BRAs are required under the IAG for each
OU as part of the RFI/RI report. Potential hazards to each of the three potentially
exposed populations as a result of implementing remedial action alternatives will be
evaluated as short term impacts 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 boundary 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 associated with 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 from the SSHSPs in establishing acceptable exposure levels for workers and

in the establishment of monitoring requirements.

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.
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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).

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 IAG among EPA, DOE, and the State
of Colorado established the requirements for the performance of a feasibility study
for each OU at RFP in order to identify, evaluate, and select alternatives for the
appropriate remedial action to prevent, mitigate, or abate the release of the principal
contaminants. At this time, feasibility studies are only beginning to be developed.
Much of the necessary data required for these studies is generated in the Remedial
Investigation phase described in the next section. The feasibility study process has

four basic components:
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development of alternatives for remediation;
screening of alternatives;

detailed analysis of alternatives; and

Call o A A

selection of preferred alternative(s).

In the analysis of alternatives, each alternative will be individually evaluated
to determine whether it will adequately protect 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 consider 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
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 results..and shall be
developed using the RCRA Facility Investigation Guidance (Interim Final), and the

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

1.2.4 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

8



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
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 the toxicological data are used

is discussed in Appendix 1 - Principal Contaminants.

The application of the PPCD monitoring program coincides 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 intrusive activities are within acceptable guidelines. Figure 1

9
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depicts a flow diagram which outlines the key decision making process in executing
the PPCD. Activities conducted under Stage 1 are those activities performed at site
locations which have site data indicating soil contaminant concentrations do not
exceed the established risk-based soil thresholds. Activities conducted under Stage
2 are those activities performed at locations where RFI/RI intrusive activities 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
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 factors based on
toxicity values obtained from EPA sources. Appendix 1 provides a discussion of
selection of PCs. Appendix 2 discusses the intrusive activities considered. Appendix
3 discusses the dispersion model and the calculation of soil threshold 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 activities

associated with the RFI/RI field investigation or IM/IRA normally will have

contaminant concentrations below the soil thresholds. The PPCD then instructs the

11



PM to implement the intrusive activity under Stage 1 monitoring and dust suppression

programs.

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, depending 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:

° soil wetting

. 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).
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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
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 implementation 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
modeling zones (A, B, and C) at RFP (see Drawing 1). An additional modeling zone

14



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 fre”quency (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
activities 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.
2.1.11 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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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

the scenarios. The references for each of the modeling algorithms have been

provided as well as the actual formula used.
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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)

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

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

5)  Establish soil threshold levels based on acceptable risk (Appendix 5)

Step 1

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 construction
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

daysfyear. 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 Appendix 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
1x 10* to 1 x 10° lifetime excess cancer risk (40 CFR 300). The 107 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 1 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 would lead to this target. An example of such a back-
calculation is provided in Appendix 5. The hazard index is defined as the estimated
daily 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
will serve as the primary guidance table for evaluating the Stage I and Stage II

mitigative measure and associated monitoring requirements.
2.1.2 Preventive Measures Assessment

The main objective of this section is to identify contaminant dispersion control

technologies and 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 primary reference used for identifying dust control measures was the Dust
Control Handbook (EPA, 1985). A two step process consistent with RI/FS guidance
was used to evaluate the control measures relevant to RFP RFI/RI activities. Step

one identified suitable technologies. Step two ranked the control measures which are
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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
14 Heag 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 provides a brief discussion of the dust producing activities

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

emission activity.
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2.1.21 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.

2.1.22 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."
2123 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

waste disposal requirements. Spraying with water was specified with recommended

23



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;“ride 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 addition 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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FIGURE 2
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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.

2.1.3.1.1 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:

d Wind speed

d Soil moisture measurements

e 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 speed 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 volume 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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2.1.3.1.3 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 ALARA 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 Act 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).

2.1.3.3 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.5-1 in Appendix 5, is the primary reference on which to base the Stage 1 and Stage

2 decisions.
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FIGURE 3
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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. Appendix 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:

. 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.

Additional instrumentation may include: Piezobalances, Minirams,
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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 analytical 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 under 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
fu]ﬁl]ed 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

wind speeds, and incorporating general control measures such as limiting vehicle
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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 wind 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) (5/48) (W/2.7)%7 (w/4)°5 (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.g gue R
wannuu

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

Principal Contaminaats (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

Beryllium

Cadmium
Chromium III
Chromium VI
Manganese
Mercury

Hexachlorocyclohexane (alpha)

Hexachlorocyclohexane (beta)
Heptachlor

Heptachlor Epoxide
Aldrin

Dieldrin

DDT

Chlordane (alpha, gamma)
Toxaphene
YOCs & Semi—VOCs
Chioroform

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
&x<p--1
2. 70E-08
2.50E-08
240E-08
4,00E~-08
4.10E-08
7.80E-14
2.90E-12
5.60E-11
490E-11
3.00E-09
6.50E-10
(mglkg/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
340E-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
2.90E-02
9.10E-02
1.30E-01
2.00E-01
1.1I0E+00

1.40E-02
7.80E-02

1.10E-02
1.60E+00

HI
Inh. RfC

(mg/kg/day)

(mglkg/day)

1.00E-03

5.70E~-06
5.70E-06
1.14E-04
8.60E—-0S

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




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 IIT" 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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TABLE 23.2

SOIL PRINCIPAL CONTAMINANTS
OU1 - 881 HILLSIDE AREA

Dichloromethane 0.590 ng/g 0.047 ug/g
2-Butanone (MEK) 0.390 ung/g 0.099 ug/g
1,1,1- Trichloroethane 0.110 ug/g 0.030 ug/g
Tetrachloroethene 0.190 ng/g 0.071 ng/g
1,2-Dichloroethane 0.010 ng/g 0.009 ug/g
Bromomethane 0.006 ug/g 0.006 ng/g
Toluene 0.025 pg/g 0.015 pg/g
Arsenic 24 ugl/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 pug/g
Manganese 563 ug/g 191 ug/s
Mercury 2.07 ug/g 0.30 ug/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
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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 includes 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. Appropriate 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
checklist included in Attachment A.7-1 to Appendix 7. This checklist includes but is
not limited to:
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. 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;

. Calculation of action levels; and
d 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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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.
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Operable Unit Manager

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.

Air Programs Representative

The Air Programs Representative is assigned 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;
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 Health and Safety Officer is assigned to each Operable

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.
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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.
The QC officer has the following responsibilities:
. 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;
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Recommending corrective action on matters requiring corrective action

resolution;

Ensuring the quality 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

Records management personnel shall generate a records index which identifies

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

retention time, and the location of the record within the record system. Records

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
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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.1l.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 available
health effects data. =~ When appropriate health effects information existed for a
potential contaminant (i.e., inhalation slope factors and/or reference concentrations),
the constituent was carried on to a second list (List IT). The third step will condense
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.1.2 LIST I SELECTION

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

Rocky Flats Site-Wide Quality Assurance Project Plan for CERCI.A 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 I

activities (1985-1986) included researching past waste management practices,
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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 evaluation. The findings were published in CEARP Phase 1, 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 listings 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.1l3 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.

lConstituents 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.
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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 development.

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).

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
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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 (SLOPE FACTORS)

Quantitative carcinogenic risk assessments are performed for chemicals in
Groups A and B and on a case-by-case basis for chemicals in 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.14 LIST III 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 I against existing
characterization data to identify positively detected contaminants that are then
carried over to List ITL. 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 insufficient data exists for a
specific OU, it may be necessary to carry all List II constituents to List IIL

A.14.1 EXAMPLE LIST III 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 depth)
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/RI/FS 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 Summary 'ii‘ables, 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 pg/, 0.047 ng/g
2-Butanone 0.390 ug/g 0.099 ug/g
1,1,1-Trichloroethane 0.110 ug/g 0.030 ug/g
Tetrachloroethene 0.190 ug/g 0.071 ug/g
1,2-Dichloroethane 0.010 ug/g 0.009 ug/s
Bromomethane 0.006 ug/g 0.006 png/g
Toluene 0.025 ug/g 0.015 ug/g
Arsenic 24 ug/g 8.7 ugl/g
Barium 810 ug/g 120 ng/g
Beryllium 1.9 ug/g 0.9 ng/g
Cadmium 6.6 ug/g 3.0 ug/g
Chromium (total) 28 uglg 12 ug/g
Manganese 563 ug/g 191 uglg
Mercury 2.07 ug/g 0.30 ug/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
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Attachment A.1.1

Appendix B, Draft Rocky Flats Site-Wide
Quality Assurance Project Plan
for CERCLA RI/FS and RCRA RFI/CMS Activities
Environmental Restoration Program
March, 1991
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Attachment A.1.2
List II - Potential Principal Contaminants



PRINCIPAL CONTAMINANTS — METALS/INORGANICS

Arsenic
Barium
Beryliium
Cadmium
Chromium il
Chromium VI
Manganese
Mercury

PRINCIPAL. CONTAMINANTS ~ RADIONUCLIDES

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

PRINCIPAL CONTAMINANTS — VOLATILE ORGANICS

Chioroform
1,1,1=Trichioroethane
Carbon Tetrachloride
Benzene

Toluene

Dichloromethane (Methylene Chioride)

Xylenes

Methyl Ethy| Ketone (2—Butanone)

1,2-Dichiorosthane
Bromomethane
Carbon Disulfide

1,1 =Dichloroethene
1,1 =Dichioroethane
Vinyl Acetate
1,3-Dichloropropene
1,1,2—Trichioroethane
Bromoform
Tetrachioroethene
Chloroberzene
Ethylbenzene

Styrene

Viny! Chioride
1,2-Dichioroethane
1,2-Dichioropropane
1,1,2,2,~ Tetrachloroethane

PRINCIPAL CONTAMINANTS — SEMNOLATILE ORGANICS

bis(2~-chloroethyf ether
1,4=Dichloroberzene
1,2-Dichloroberzene
Nirobenzene
Hexachioroethane
1,2,4—Trichlorobernzene
Hexachlorobutadiene
Hexachlorocyclopentadiens
2.4,6-Trichloraphenol
Hexachlorobenzene

a - Integrated Risk Information System
b - Health Effects Assessment Summary Tables

information
Source

ab
ab

OMPOCOOOT

Information
Source
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Information
Source

ab
b

b

a,b
ab
ab
ab
ab
ab
ab
ab
ab
b

ab
ab
b

ab
b

ab
ab
ab
ab
ab
ab
ab

Information
Source

a,b
a,b
ab
ab
ab
b

ab
ab
ab
ab

Inh RIC (s)
(mg/kg/day)

Inhalation
(pCh—1

2.70E-08
2.50E—-08
2.40E-08
4.00E—-08
4.10E-08
7.80E-14
2.90E-12
5.60E-11
5.00E-10
8.10E—-08
1.80E-08

inh RIC (s)
(mg/kg/day)

Inh BIC (5)
(mg/kg/day)
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PRINCIPAL CONTAMINANTS ~ PESTICIDES/PCBs

Hexachlorocyclohexane (alpha)
Hexachlorocyciohexane (beta)
Heptachlor

Heptachlor Epoxide

Aldrin

Dieldrin

DOT

Chiorgane (alpha, gamma)
Toxaphene

Information
Source

ab
ab
ab
ab
ab
ab
ab
ab
ab

inh RIC (s) inh SF
(mg/icg/ciay) (mg/kg/day) 1

------- 63
——————— 18
------- 45
——————— 9.1
————— ~— 17
------- 16
——————— 0.34

------- 11



APPENDIX 2

ESTIMATION OF EMISSION RATES



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
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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 (1.7) (s/12) (S/48) (W/2.T)*7 (w/4)°3 (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.

weimwwé

|| I (I 1 I

The values used for these variables in running this model were either assumed
using good engineering judgement or obtained from various sources. The
aerodynamic particle 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:
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Variable Assumed Value

S 16 km/h (10 mph)
w 2.7 Mg (=6000 1bs)
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

A-2-3
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FIGURE 1
Sensitivity Analysis - Vehicle Traffic Model
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It has been assumed that the soil being disturbed by vehicle traffic contains no
VOC:s; 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 requires 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) (UR22) (H/L3)

(M/2)? (Y/4.6)°%

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’

KNG R
T T T

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
Y, Bucket Volume ‘

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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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) (UI2:2) (H/1.5)

(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.
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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

1. Tistinic, Tom. Memorandum. Public Health Engineer, Colorado Department
of Health Subject: Fugitive Particulate Emissions, July 2, 1984 (Attachment
A2.1).

2. Soil Conservation Service, 1980. Soil Survey of Golden Area, Colorado,
United States Department of Agriculture,

3. Caterpillar Performance Handbook, 20th Edition, October 1989. Peoria, IL,
Caterpillar, Inc.
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MEMORANDUM

To: 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

Atrtached find the updated compilation of fugitive particulate emission
factors recommended 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. 1In 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 another. 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 section.

The factors are grouped into nine major sections as follows:
L. Emission Factors applicable to all Mining Operations
II. Western Surface Coal Mining

III. Sand and Gravel Processing

Iv. Stone Quarrying and Processing

V. Metallic Minerals Processing (use for molybdenum and uranium
processing)

VI. Unpaved Roads

VII. Paved Roads

VIII. Aggregate Handling and Storage Piles



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.

2.

3.

3.

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.
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SECTION II

8.24 WESTERN SURFACE COAL MINING

8.24.1 General1

COAL TYPE

LIGHITE
SUBBITUMIKOUS T

Strippable reserves

Coal field (10° cons)
be Fores Uniocn 23,529
2 Povder River 56,737
3 Norch Central All underground
e Bighorn Basin All underground
5 Wicd River 3
6 Hams Fork 1,000
v Uinca o8
8 Southwestern Utah 26
3 San Juan River 2,318
i0 Raton Masa All underground
11 Denver All underground
i2 Sreen River s, 120

Figure 8.24-1. Coal fields of the western u.s.3

Mineral Products Industry

—4-

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

Together,



in the United States.? The 12 coal .fields have varging characteristics
which may influence fugitive dust emission rates from mining operations,
including overburden and coal seam thicknesses and structure, mining eyuip-
ment, operating procedures, terrain, vegetation, precipitation aand surface
moisture, wind speeds and temperatures. The operations at a typical west-
ern surface mine are shown in Figure 8.24-2. Al)l operations that ianvolve
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 screeas to the storage area. If the mine
has open storage piles, the crushed coal passes through a coal stacker oato
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 a 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
is disturbed until the new vegetation emerges, all disturbed areas are sub-
ject to wind erosion.

8.24.2 Emissious

Predictive emission factor equations for open dust sources at western
surface coal mines are presented in Tables §.24-1 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 cr energy 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 i1n the surface material
of an unpaved road); and 3) climate (in this case, mean wind speed).

The equations may be used to estimate particulate emissions generated
per unit of source extent (e.g., vehicle d's:ance-traveled or mass of mate-
rial transferred).

8.24=2 EMISSTION FACTS: 5/33
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The equations were developed through field sampling varidus western" surface
mine tvpes and are thus applicable to any of the surface coal mines located
in the western United States. (f‘

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 let-
ter value (e.g., A to B) if applied to eastern surface coal mines.

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

Correction Number Geometric
Source factor of test Range - mean Units
) samples
Blasting Moisture 5 7. - 38 17.2 %
Depth 18 - 41 7.9 =
N 2 =135 25.9 ft
Area 18 9 -9,000 1,800 m?
1,0C :+ - 100,000 19,000 ft2
Coal loading Moisture 7 6.5 - 38 17.8 %
Bulldozers
Coal Moisture 3 4.0 - 22.0 10.46 %
silt 3 6.0 = 11.3 8.6 % C
Overburden Moisture 8 2.2 - 16.8 7.9 %
Silt 8 3.8 - 15.! 6.9 %
Dragiine 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 - -
reiszrence 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,
if the 2ssigned qualitv ratings of the equations are to apply. For exam-
vie, actual silt content of coal or overburden measured at a facility

BN . EMISSION FACTORS 5/83
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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 oaly 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 (noaspecific) 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 for truck or scraper uanloading, two
empirically derived emission factor eguations are presented in Sectioa
11.2.3 of this document. Each equation was developed for a source opera-
tion (i.e., batch drop and continuous dJdrop, respectively), comprising a
single dust generating mechanism which crosses industry lines.

Because the predictive equaticns allow emission factor adjustment to
specific source conditions, the equations should be used in place oI 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
6nly 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 equations. 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 bv cne
level.

= rqg Mineral Preducis [nduscry Sl
5,83 :
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8.24-8

TABLE 8.24-4.

e ’ e

UNCONTROLLED PARTICULATE EMISSION FACTORS
OPEN DUST SOURCES AT WESTERN SURFACE COAL MINES

TSP

I3

Emission
Source Kaceraial Mige em1s8100 Ugats Fector
location factor Rating
Dralling Overburden Any 1.3 1b/tele B
0.39 kg/bole 3
Coal v 0.2 1b/bole E
8.10 kg/boie E
Topsail removal by Topseoil Any 0.058 1b/T E
scraper 0.029 kg/tig E
v 0.44 1b/7 D
0.22 kg/ts ]
Overdurden Overburdes Any 0.012 /T c
replacesent 0.0060 kg/tg €
Truck loading by Overturden v 0.037 /7 [
powver lhov!l: 0.018 kg/tg [+
(batch drop)
Teain loading (baten c Coal Any 0.028 1b/T b
or comtimuous drop) G.014 kg/Ng b
112 0.0002 /T D
0.0001 kg/dg D
Bottoe dusp truck Overburdes v 0.002 /T E
ualoading . 0.001 xg/T E
(batch drop)
Coal Iv 0.027 1b/T E
0.014 kg/tg 4
111 0.005 1b/T E
0.002 kg/Ng E
11 0.020 /7 3
0.010 /Mg £
1 0.014 /7 D
0.0070 kg/ng D
Any 0.066 /7 D
0.035 xg/tg D
End dump truck Coal v 0.007 15/T E
unloading 0.004 kg/Ng t
(bateh drep)®
Scraper unlocd%n; Taptiil v 0.04 1b/T €
(batech drpp) 0.02 kg/Ng [
T
Vind erosion of Seeded land, Any 0.38 Tacre) e c
exposed areas stripped over~ l'c;e yr)
burden, graded 0.85 c

owerburden

ectare) (yr)

correct use of tbese "mine specific” emisszion factors.
(frow Reference 5 except for overburden drilling from Reference 1) can be
» applied to any western surface coal maue.
Total suspended parriculate (TSP) denotes what is measured by o standard high

voluse sampler (see Section 11.2).
Predictive emission factor equations, waich generally provide sore sccurate

estimstes of emissions, are presented 1o Chapter 11.

EMISSION FACTORS-

Romap aumerals | chrough V refer to specific mipe locations for vhaich the
corresponding emission factors vere developed (Referemce &4).
and 8.24-5 present characteristics of esch of these mines.

The other factors

Tables 3.24=4
See text for

ot @
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References for Section 8.24

1.

57812

K. Axetell and C. Cowherd, Improved Emission Factors for Fugitive Dust
from Western Surface Coal Mining Sources, 2 Volumes, EPA Contract No.
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States, IC8693, Bureau of Mines, U. S. Department of the Iaterior,
Washington, DC, 1975.

Bituminous Coal and Lignite Production and Mine Operations - 1978,
DOE/EIA-0118(78), U. S. Department of Energy, Washington, DC, June
1980.

K. Axetell, Survey of fug;;ive Dust from Coal Mines, EPA-908/1-78-003,
U. S. Enviroomeantal Protection Agency, Denver, CO, February 1978.
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Modeling Study, Amax Coal Company, Carter Mining Company, Sunoco
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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

a . w w . .

8y Used "overall” particle size distribution for coal mining operation (See

Appendix A)

«15-



SECTION III S

8.19.1. SAND AND GRAVEL PROCESSING

8.19.1.1 Process Desc::‘ipt’.ion1“2

Deposits of sand and gravel, the comsolidated granular materlals 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 differeat 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, screeaning, 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 additiocnal
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} properties
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., number 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 tacility. However, the generally higher
quality ratings assigned to the equations are applicable only if 1) reli-
able values of correction parameters have been determined for the specific

5/83 Mineral Products Industry §.19.1-1
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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. .

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 coanveyors, 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 mater1a1 handling operations are estimated to reduce
emissions 70 to 95 percent.S Spray systems can also reduce loading and
wind er051on emissions from storage piles of various materials 80 to 90
percent.® Control efficiencies depend upon local climatic conditioas,
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.

References for Section §.19.1 5

1. Air Pollution Control Techniques for Nonmetallic Minerals Industry,
U. S. Envirommental Protection Agency, Research Triangle Park, NC,
August 1982.

2. S. Walker, "Production of Sand and Gravel'", Circular Number 57, Na-
tional Sand and Gravel Association, Washington, DC, 1954.

3. Fugitive Dust Assessment at Rock and Sand Facilities in the South
Coast Air Basin, Southern California Rock Products Association and
Southern California Ready Mix Concrete Association, Santa Monica, CA,
November 1979.

4. C. Cowherd, Jr., 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.

5. R. Bohn, et al., Fugitive Emissions from Integrated Iron and Steel

Plants, EPA-600/2-78-050, U. S. Environmental Protection Agency,
Washington, DC, March 1978.

o
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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:

e Total
X
Uncontrolled Dry Operation T§?5£§30 um) <15 um <10 um <5 um <2.5 um Part.
Continuous drop @
Transfer station (1b/T) 0.0223 0.0142 0.0107 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 Q
Active (1b/acre/day) 13.2 8.7 6.3 4.2 2.4 18.0
Inactive (1lb/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.
6] 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.
&) 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.



SECTION 1V

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
?fgmoved 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 transferring, 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 particies 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 FI'-\‘CTORS FOR ROCK-HANDLING PROCESSES
EMISSION FACTOR RATING: C

Uncontrolled Settled out Suspended
total® in plant, emission
Type of process Ib/ton kg/MT % Ib/ton kg/MT
Dry crushing operations® € :
Primary crushing 0.5 0.25 8a 0.1 0.05
Secondary crushing and screening 1.8 0.7% 60 0.6 0.3
Tertiary crushing and 6 3 40 3.6 1.8
screening (if used)
Recrushing and screening 5 25 50 25 1.25
Fines milt 6 3 25 4.5 2.25
Miscellaneous operationsd
Screening, conveying, 2 1
and handling®
Storage pile losses'

3Typical colleclion efficiencies: cyclone, 70 to 85 percent; fabric filter, 99 percent.

DAl values are based on raw material entering primary crusher, except those for recrushing and screening, which are based on
throughput for that operation.

CReference 3.

98ased on units of stored product,
®Reference 4.

! See section 11.2.3.
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References for Section 8.20
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Air Pollutant Emission Factors. Final Report. Resources Research, Inc. Reston, Va. Prepared for National
Air Pollution Control Administration, Durham, N.C., under Contract Number CPA-2269-119. April 1970.
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Academic Press. 1968, p. 123-127.
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SECTION IV

STONE QUARRYING AND PROCESSING

Emissions in 1lbs/T - assumes a moisture content of less than 4% (See Section V)

Activity <30 ~ <15um®@ <10uw®@ <5 wd <2.5 um®
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
Screengng 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

O Used particle size distribution provided in Metallic Minerals Processin:

[

e
Section V for TSP and <10 um and extrapolated to get remaining size
using the average of the coal mining size distributions {Appendix A
reason for this was that the relationship of the TSP to <10 um for lov
moisture ore was closer than that for the other activities.

-

—_

@ Derived from values given in Section V.
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8.23 METALLIC MINERALS PROCESSING
8§.23.1 Process Descriptionl‘8

Metallic mineral processing typically 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 operatioms
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,lng 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 beé 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 processes 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 electrostatic
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 rotary
dryers. Calcining or pelletizing of some products, such as aluzina or iren
concentrates, are also performed. Emissicns from caicining and peiletizing
operations are not covered in this Section. '

8.23.2 Process Emissions’-%

Particulate emissions resul: from metallic mineral plant cperactions
such as crushing and dry grinding of ore; drying of ccncentrates; s:toring
and reclaiming of ores and concentrates from storage bins; transfer of
materials; and loading of final produczs for shipmenc. Parsizil:izz ezission
factors are provided in Table 8.23-1 for various metzllic mineral £rocess
operations, including primary, secondary and tertiary crushing; 2o grinding:

drying; and material handling and transf=r. Fugitive emissicns are &lso
possible from roads and open stockpxlea, facrors for which are in Section
11.2.

8/82 . ‘{neral Products ladusiry ) 3.23-1
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Figure 8.23-1. A metallic mineral processing plant.

Tne emission factors in Table 8.23-1 are for the process operations as
a whole. At most metallic mineral processing plants, each process operation
will require severa! types of equipment. A single crushing operation likely
will include a hopper or ore dump, screen(s), crusher, surge bin, apron
feeder, and conveyor belt transfer points. Emissions from these various
pieces of equipment are often ducted to a single control device. . The emis-
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.

Emission factors are provided in Table 8.23-1 for two types of dry
grinding operaticns, those grinding operations that involve air conveying
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. The factors in Table 8.23~1 are for emissions after
product recovery cyclones. Grinders in closed circuit with screens usually
do not require cyclones. Emission factors are not provided for wet grinders,
because the high moisture content in these operations can reduce emissions
to negligible levels.

8.21-2  EMISSION FACTORS 8/82
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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.

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 conveyor
transfer point and should be based on the amount of material transferred
through that point.

The emissiun 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 emission rates are provided for primary
crushers, secondary crushers, tertiary 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 cov
is defined as ore whose moisture centen
inlet or at the mine, is &4 weight perce
moisture at the primary crusher is cresum
subsequent operation for whicnh high mois
drying operation precedes the cperaticn under consideration. Ore is defined
as low moisture when a dryer precedes th2 cperation under consideration or
when the ore moisture at the mine or primary crusher is less than 4 weight
percent. :

rad in this Section, high moisture ore
cent, as measured at the primary crusher
v greater. Ore defined as high

c »e high moisture ore at any

Separate factors are provided fcr tauxite handling operations, in thac
some tvpes of bauxite with a moisture ccnzent as high as 15 to 18 weight
percent can still produce relatively high emissicns during material handling

. [ 4
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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 matter equal to or less than 1l0um
aerodynamic diameter, from a limited number of tests performed to charac-
terize the processes, are presented in Table 8.23-1.

In some plants, particulate emissions from 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 particulate matter equal to or less than 10um from
high moisture primary crushing operations and material handling and transfer
operations 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
primary crushing and the material handling and transfer operatioms, and
these were included in the average values in the Table. A similarly wide
range occurrec 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 characterlstics, such as crusher type, could also affect
the emissions leve At this time, data are not sufficient to quantify each
of these variables.

8.23.3 Controlled Emissiong’=?

Ecissions frcc metallic mineral processing plants are usually controlled
with wet scrubbers or baghouses., For moderate to heavy uncontrolled enis-
sicn rates from typizal dry ore operations, dryers and dry grinders, a wet
scrukber with rrescure drop of 1.5 to 2.5 kilopascals (6 to 10 inches of
water) will reduce exissions by approximately 95 percent. With very low
uncontrolled emission rates typical of high moisture conditions, the
percentage reduction will be lower (approximately 70 percent).

Over o wice range of inlet mass loadings, a well designed and main-
tained baghruse will raduce emissions to a relatively comstant outlet
concentraticn. Such baghouses tested in the mineral processing industry
consistently reduce emissions to less than 0.05 grams per dry standard cubic
metar (0.02 grains per dry standard cubic foor), with an average concentra-
tion of 0.0l5 g/dscm (0.006 gr/dscf). Under conditions of moderate to high
uncontrolled emissicn rates of typical dry ore facilities, this level cf

[ J
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controlled emissions represents greater than 99 percent removal of partic-
ulate emissions. Because baghouses reduc. emissions to a relatively comstant
outlet concentration, percentage emission reductions would be less for
baghouses on facilities wicth a low level of uncontrolled emissions.

References for Section 8,23
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SECTION VI

P Lo

11.2.1 UNPAVED ROADS
11.2.1.1 Genéral

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 curreants in
turbulent shear with the surface. T  turbulent wake behind the vehicle
continues to act on the road surface .er the vehicle has passed.

11.2.1.2 Emissions and Correction Pa: 1eters

The quantity of dust emissions { om a given segment of unpaved road
varies linearly with the volume of t .ffic. Also, field investigations

have shown that emissions depend on ¢
speed, average vehicle weight, avera;
surface texture and road surface mois
of a particular road and the associat

Dust emissions from unpaved roa
proportion to the fractiom of silt (

in diameter) in the road surface mat:

mined by measuring the proportion of

‘rection parameters (average vehicle

number of wheels per vehicle, road
ure) that characterize the condition
i vehicle traffic.1-4

5 have been fouand to vary in direct

articles smaller than 75 micrometers
rial.l The silt fractiom is deter=-
loose dry surface dust that passes a

200 mesh screen, using the ASTM-C-136 method. Table 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 6.3
Western surface coal
mining Access road 2 4.9 -5.3 5.1
Haul road 21 2.8 - 18 5.4
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. *
< ron Miscellaneous Sources 11,2.1-1

D~
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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 (f‘
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:

e (3) @) @) (8 o
e () 6 () @) (8 awem .,
where: emission factor

particle size multiplier (dimensionless)

silt content of road surface material (%) .
mean vehicle speed, km/hr (mph) ‘<:
mean vehicle weight, Mg (toas) )
mean number of wheels

number of days with at least 0.254 mm (0.01 in.) of pre-
‘cipitation per year

UL LLu w1t
nununnen

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 <S5 um < 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 geographical distribution of the mean annual number of wet days
per yvear 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: (;.
o

11.2.1-2 EMISSION FACTORS 5/€3
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Range of Source Conditions for Equation 1°7 == ..~
Road
surface
silt Mean vehicle Mean vehicle Mean
content weight speed No. of
(%) Mg tons km/hr mph 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 caanot 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 annual 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 hours). 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 Coatrol 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 roads ard is
effectively used only where water and watering equipment are avzilabie an’
where roads are confined to a single site, such as a construction iccai:i-r.

11.2.1-4 - ‘ EMISSION FACTORS 5
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TABLE 11.2.1-3. CONTROL METHODS FOR UNPAVED ROADS11

Approximate
control
Control method efficiency
(%)
Paving 85
Treating surface with penetratiag
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
a

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
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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 eater 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 investigationms
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.}~?

Dust emissions from industrial paved roads bhave 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 VALUE§ FOR
PAVED ROADS AT IRON AND STEEL PLANTS

Silt (%) Loading
Travel Range Mean
Industry lanes Range Mean kg/km lb/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 estim:ted,
with a rating of B or D (see below), using the following empirical expres-
sion:

£ = 0.0 (4) () (k) ()7 chesvm &
e = w0001 (%) () () (2 cwrom

emission factor

particle size multiplier (dimensionless) (see below)
industrial augmentation factor (dimensionless) (see below)
pumber of traffic lanes

surface material silt content (%)

surface dust loading, kg/km (1b/mile) (see below)

average vehicle weight, Mg (tons)

where:

Lo p %t
oW ouanonn

The particle size multipler (k) above varies with aerodynamic size range as
follows:

Aerodynamic Particle Size Multiplier (k)
for Equation 1

< 30 pm <15 pm < 10 pm <5 pm < 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 pot 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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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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SECTION VIII .- -

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 substantial source of
dust. .

i

11.2.3.2 Emissions and Correction Parameters

The quantity of dust emissions from aggregate storage 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 air currents from ag-
gregate transfer itself or high winds. As the aggregate weathers, hcow-
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
operations 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 materiu_s.

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 continuous .Jrup
operations).

2. Equipment traffic in storage area.

3. Wind erosion of pile surfaces and ground areas around pili:s.

4. Loadout of aggregate for shipment or for return to the priceu::

stream (batch or continuous drop operations).

5/23 ‘ Miscellaneous Sources Tl -

~39-



5/83

*{ 93033230y
‘9 dauusajay w

N ‘1 9duAsajay .
‘31qes) jdde Jou : yy "§-7 Isuwdi0)3y c.
v B — o T - = e
7°€ Y9 -80 € 0°S1 12 - y°¢ € punoad pavoduy
M YN N 0 L { St - 9¢ 1] UIpanqiaag "
69  or- gy t ] 9 - 9g st 1vo) p TUIY e03
JIejing Ghuuuuz
St'o ! U Y] Vi 14 sSupgjuy o
96°0 €'t -9c0 4 9t ¥S - 22 3 L ALIRER! 5Y01883301d pue o
Sujuie 2y1uvong faot
Q
Lo i't-¢co z 94 6°1 ~ €y z auelsImly paysnsy Yuyssarord pue =
1 Supharenb 3u0;g ¢
. Mw -
L \L] AL 0 %0 ¥ duojsomin -4
i 7 0 Lo } 12ug a
9°9 1 0°S1t i 21¢ papuaig 4
29 L} ys i 3z331q ayo) ot
AL N 0 o € -y 4 1snp Ingy
t6'0 'z -sto < €S €l - ¢ £ fuig
'y " -9t 9 S tt -1 { i%9)
7S 1'e - 911 9 S 6l - 92 6 310 duny
LEE S o X ) ¢ 6y € -9 ot 310 3aryg uoj3anposd
13218 puv uvoarg
veay Buey sajduvs usay aSuvy s3jduns . .
o o _ %3y jo coy L 183) jou oy 19§123epy L1ysapu]
(X) 3imqayoy (XY s

S3IYLISNANI Snoryva 1v STIVINILVH 40
S3NTVA INJLINOD IUNISTOH aNV I'11S “IVOLdAlL T-€°T°1T d18vl

11.2.3-2



o e - ‘e

oo
-——

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?:

| WAREAE
E = k(0.00090) ) gz.z) ((1)"33 (kg/Mg) (1)
My [y \&
(3) (%)

s\ (9y (H

E = k(0.0018) (5>2<5') SSL (1b/ton)
Ol
2) \g

emission factor

particle size multipler (dimemnsionless)
material silt content (%)

mean wind speed, m/s (mph)

drop height, m (ft)

material moisture content (%) .
dumping device capacity, m® (yd®)

where:

<IXmcuw X
woaawuuwienn

The particle size multipler (k) for Equation 1 varies with aerodymamic 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 Hm

Batch drop 0.73 0.48 0.36 0.23 0.13

Continuous
drop 0.77 0.49 0.37 c.21 0.11

The quantity of particulate emissions generated by a continuous drop
operation, per ton of material transferred, mzy be estimated, with a rating
of C, using the following empirical expression®:

5/83 fliscellaneous Source: 11.2.5-3

~41-



s _Q.. .._H_. oo (S S S
£ = K(0.00090) (5) (z;z)z(a.o) (kM) 2)
(3)
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E = k(0.0018) (5) (52 (x) (1b/ton)
(3) i

where: emission factor

particle size multiplier (dimensionless)
material silt content (%)

mean wind speed, m/s (mph)

drop height, m (ft)

material moisture coantent (%)

W N ouw

E
k
s
U
H
M

The particle size multiplier (k) for Equation 2 varies with aerodynamic
particle size, 25 shown in Table 11.2.3-2. '

Equations 1 and 2 retais the assigned quality rating if applied within
the ranges of source conditions that were tested in developing the equa-
tions, as givem 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
(% %) o 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
a

NA = not applicable.

For emissions from equipment traffic (trucks, froat 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

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%g) (2%%%2) (Tg) (kg/day/hectare) (3)
E=1.7 (T%E) (§g%g2) (Tg) (1b/day/arrce)

where: total suspended particulate emission factor

silt content of aggregate (%)

number of days with 2 0.25 mm (0.01 in.) of precipitation
per year

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
2 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-
tinuous drop) operations may be cazlculated 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. Enclosure or covering of in-
active piles to reduce win? o-ccion can also reduce emissions. Watering is
useful mainly to reduce em:issicns from vehicle traffic in the storage pile
area. Watering of the stcrage piles themselves tvpically has only a very

temporary siight effect on =c:iz! emissions. A much more effective tech-
nique is to apply chemical .:.i:ng agents for better wetting of fines and
5/83 Y rir-ianzous Sources 11.2.3-5
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longer retention of the moisture film. Continuous 'chemical treatment of
material loaded onto piles, coupled with watering or treatment of roadways,
can reduce total garticulate emissions from aggregate storage operations by
up to 90 percent.

References far Section 11.2.3
1. C. Cowherd, Jr., et al. Development of Emission Factors for Fugitive

Dust Sources, EPA-450/3- 74 037?‘U S. Environmental Protection Agency,
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Plants, EPA-600/2-78-050, U. S. Environmental "roteciL..a Agency,
Research Triangle Park, NC, March 1978.

3. C. Cowherd, Jr., et al., Iron and Steel Plant Open Dust Source Fugi-
tive Em1551on Evaluatlon, EPA-600/2-79-103, U. S. Enviroamental Pro-
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1979.
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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 (tomns) 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
750,000 ‘ 18.2 8.7
1,000,000 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 proportiomn as follows:

Multipliers
Given: <30 = 10 1b/ton <3.0 <15 <0
<10 = 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:

N\
w} X <10-1> +1 = (34%)(9) + 1 = 4,06 Whereas if you
0.8—0.4?/

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 graph paper to get:

<30 <15 <10 <5 2.5

1.0 «43 .28 .10 .025

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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APPENDIX B
CONTROL EFFICIENCIES
Activity Methodology Efficiency 4
Material Removal None practical N/A
Material Placement None practical N/A
Storage of materjals/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)
0iling 80 (7)
Complete enclosure 99 (6)
Partial enclosure 50 (5
Canvas covers 80 (7"
Drilling Bag collector 90 (>)
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)
Telescopice 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 . (5)
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 additiomal 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 (35
Gravel 50 (5
Oiling 70 (5



Table A-2. DISTRIBUTION BY PARTICLE SIZE OF AVERAGE COLLECTION EFFICIENCIES

‘ FOR VARIOUS PARTICULATE CONTROL EQUIPMENT?.b
. Efficiency, % .
Particle size range, um
l‘ Type of collector Overall Qb 51 10 101020 | 201044 | >44
i Baftled settiing chamber 58.6 7.5 2 43 B0 90
‘ Simple cyclone 65.3 12 33 57 2 91

Long-cone cyclone 84.2 40 79 92 95 97
Multiple cyclone 74.2 25 54 74 95 o8

(12-in. diameter} |
Multiple cyclone 93.8 63 g5 98 99.5 100

cyclone
Electrostatic 97.0 72 845 97 99.5 100
precipitator
Irrigated electrostatic 99.0 97 99 99.5 100 100
precipitator
Spray tower 94.5 90 96 98 100 100

l {6-in. diameter)
. Ierigated long-cone 91.0 63 a3 9% 98.5 100
' Seif-induced spray 93.6 85 96 a8 100 100

i ' scrubber
Disintegrator scrubber 98.5 93 98 99 100 100
Venturi scrubber 99.5 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
\ 8References 2 and 3.
5pata based on standard silica dust with the foliowing particie size and weight distribution:
Particle size Percent
range, um by weight
) Ow 5 20
510 10 10 .
10 to 20 15
20 to 44 20 A
> 44 35
2/72 EMISSION FACTORS
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APPENDIX C
USEFUL WEIGHTS AND MEASURES (AVERAGES AND RANGES)
Cement 1 yd3 = 2500 1b.
Concrete 1 yd3 = 400 1b.
Coal (Bituminous) 1 ft3 = 47~50 1b.
Coal (Bituminous) 1 yd3 = .635 = .675 ton
Gravel, dry packed 1 ft3 = 100-120 1b.
Gravel, wet 1 £ft3 = 126 1b.
Sand, gravel (dry, loose) 1 £t3 = 90-105 1b.
Topsoil 1 fe3 = 111 1b. (13)
Topsoil 1 yd3 = 1.5 ton (13)
Overburden 1 yd3 = 1.3 ton (4)
Uranium ore 1 yd3 = 1.5 ton (14)
Rock (broken) 1 yd3 = 1.35 ton (14)
Average depth of topsoil 1.5 ft. (15)
Average depth of overburden 120 ft. (as much as 3000 ft) (15)
Scraper capacity 25 yd3 (5)
Dragline capacity 30-200 yd3 (4)
Truck capacity 10~20 yd3 (5) (as much as 200 ton)
Shovel capacity 5-8 yd3 (16) (as much as 40 yd3)
Frontend loader capacity 2.5-8 yd3 (14) (as much as 20 yd3)
Grizzly capacity 190-2000 tons/hour (14)
Rail car capacity 100 tons (5)
Conveyor capacity 53-1470 tons/hr. (14)
~-50-
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APPENDIX E

ADDITIONAL FACTORS

Product loss due to transportation by rail or truck = 57 X 10-6 1b/ton/mile.

Assume all emissions occur within a 50 mile radius. (18)

Demolition = 2 1b/ton Assume yd3 of debris = 1.5 ton (5)

}

Sand Blasting = 0.1 1b/ft2 (5) or 4.1% by weight of blasted abrasive for sand,
1.0% for slag and 0.7% for steel shot. (19)

Feedlots = >100,000 head = 1.9 ton/1000 head/yr. (8)

r 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.
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APPENDIX 3
DISPERSION CALCULATION
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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 éonservative 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®) = -
az

‘lfO'y

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

caonp

The emission rate of a PC at the source, Q, can be determined based on three

parameters:
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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:
o 0.5 kg soil 10 Mg Soil Disturbed 1gPC 1.4E-7 gPCemitted
= b 4 X =
1 Mg Soil Disturbed 36,000 1,000 kg soil s

o, and 0, 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 boundary nearest to the off-site receptor where it intersects the wind vector
leading to the receptor. The wind vector along which dispersion modeling was
performed represents the most common wind direction at the RFP. The distance to -

A-3-2



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 6, and g, values.

TABLE A3-1

Zone A 1.6 110 43
Zone B 29 182 64
Zone C 4.4 270 82

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 mjs)
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,
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A.3.5, 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 Atmaspheric Dispersion Estimates, Public Health
Service, Publication 999-AP-26, Cincinnati, Ohio: Robert A. Taft Sanitary
Engineering Center.
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ATTACHMENT A.3.2
WIND ROSE



Wind Rose for RFP - 1990
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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 A

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
SSwW 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
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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 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 2>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 .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
NwW .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 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 = 441



ROCKY FLATS METEOROLOGICAL MONITORING STATION
60 METER TOWER
JANUARY 1, 1990 - DECEMBER 31, 1990
WIND FREQUENCY DISTRIBUTION BY PERCENT - STABILITY CLASS C
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 4.0 .6 .0 .0 .0 5.43 .34
NNE 1.6 9.0 .7 .0 .0 .0 11.32 .71
NE 1.4 10.4 .7 .0 .0 .0 12.48 .78
ENE 2.1 9.1 .3 .0 .0 .0- 11.51 .72
E 2.1 13.3 .3 .0 .0 .0 15.70 .99
ESE 1.7 10.3 .4 .1 .0 .0 12.57 .79
SE 2.1 8.7 .4 -1 .0 .0 11.32 .71
SSE 1.2 3.0 .2 .0 .0 .0 4.28 .27
S .6 2.1 .2 .0 .0 .0 2.85 .18
SSW .6 .9 .3 .0 .0 .0 1.78 .11
SW .1 .6 .3 .0 .0 .0 .97 .06
WSW .4 .3 .3 .0 .0 .0 .89 .06
w .2 .6 .3 .0 .0 .0 1.15 .07

.6 .5 .1 .1 .0 .0 1.25 .08

.9 1.7 .7 .0 .0 .0 3.28 .21
NNW .9 2.0 .3 .0 .0 .0 3.20 .20
ALL 17.2 76.4 6.1 .3 .0 .0 100.00 6.29

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 = 0
TOTAL NUMBER OF VALID OBSERVATIONS IN THIS STABILITY CLASS = 1151
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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 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 2>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 o2 .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

.2 .6 1.2 4.4 2.7 2.4 11.53 7.66

.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

* 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 l, 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
l’ 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 = 2
TOTAL NUMBER OF VALID OBSERVATIONS IN THIS STABILITY CLASS = 2708
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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 F

10 METER LEVEL

e b eR

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 .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 .0 .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
SSwW 1.0 6.4 .0 .0 .0 .0 7.41 .39
SW .8 8.6 .0 .0 .0 .0 9.42 .50
WSW 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 .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 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 = 975



ROCKY FLATS METEOROLOGICAL MONITORING STATION
60 METER TOWER
JANUARY 1, 1990 - DECEMBER 31, 1990
WIND FREQUENCY DISTRIBUTION BY PERCENT - STABILITY CLASS ALL
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
NNE 1.1 3.5 2.9 1.0 .0 .0 8.52 8.49
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
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
S .7 2.0 1.5 .5 .1 .0 4.79 4.78
SSW .5 1.2 1.0 .3 o1 .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

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%

E




ATTACHMENT A.3.3
ZONE A CALCULATIONS
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[HOLEDRILLING — ZONE A
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

Radijum 228
Non~Radionuclikies
Argenic

Barium

Beryllium

Cadmium

Chromium III
Chromium V1
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
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
Chiorobenzene
Ethylbenzene

Styrene

Vinyl Chlaride
1,2—Dichloroethane
1,2—Dichloropropane
1,1,2,2—Tetrachloroethane
2—Chioroethyt Ether
1,4-Dichlorobenzene
1,2-Dichlorobenzene
Nitrobenzene
Hexachlaroethane
1,2,4—Trichlorobenzene
Hexachlarobutadiene
Hexachlarocyclopentadiene
2,4,6—Trichlorophenol

Hexachlarobenzene

LE.CR

HI
Threshold Conc.  Threshold Conc.

425E+04
4.59E+04
4.78E+04
2.87E+04
2.80E+04
147E+10
3.96E+08
2.05E+07
2.34E+07
382E+05
1.77TE+06

uglp
4.10E+04

2.44E+05
3.36E+05

5.01E+05

326E+05
1.14E-+06
4.56E+05
226E+05
121E+05
128E+06
6.04E+06
1.58E+06
1.87E+06

ug/g
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
6.05SE+03
1.10E+03

8.65E+04
L5SE+04

1.10E+05
7.56E +02

147E+07

8.36E+4
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+04

4.E+05
2.59E+06

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

1.73E+03
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icle 1c — Lt — Zone A
8 LECR 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 738E+(2

Tritium (gas)** 3.88E+08

Stroatium 89 1LOME+07

Strontium 90 5.40E+05

Cesium 137 6.18E+05

Radium 226 1.01E+04

Radium 228 4.66E+04

Non—Radionuclides uplg ugly

Arsenic 1.08E+03

Barium 3.87E+05

Beryllium 6.44E+03

Cadmium 8.87E+03

Chromium Il 220E+03

Chromium V1 1.32E+04 220E+03

Manganese 441E+04

Mercury 3RE+M4

Hexachlarocyclohexane (alpha) 8.59E+03

Hexachlarocyclohexane (beta) 3.01E+04

Heptachlor 120E+04

Heptachlor Epaxide 5.95E+03

Aldrin 318E+403

Dieldrin 3.38E+04

DDT 1.59E+05

Chlordane (alpha, gamma) 4.16E+04

Toxaphene 4.92E+04

VOCs & Semi—VOCs uglg uglg

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 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-Dichioroethene NA NA

1,1-Dichloroethane NA NA

Vinyl Acetate N/A N/A

1,3—Dichloropropene NA NA

1,1,2=Trichloroethane N/A N/A

Bromofarm N/A N/A

Tetrachloroethene N/A N/A

Chlorobenzene NA N/A

Ethylbenzene NA N/A

Styrene N/A NA

Vinyl Chiaride N/A N/A

1,2=Dichloroethane N/A NA

1,2—-Dichloropropane N/A N/A

1.1,2,2—Tetrachloroethane NA N/A

2—Chloroethyl Ether N/A N/A

1,4—-Dichlorobenzene N/A N/A

1,2-Dichlorobenzene N/A N/A

Nitrobenzene N/A NA

Hexachloroethane N/A N/A

1,2,4—Trichlorobenzene NA N/A

Hexachlarobutadiene N/A N/A

Hexachlorocyclopentadiene NA N/A

2,4,6—Trichlorophenol N/A N/A

Hexachlorobenzene N/A N/A
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1cle ic — — Zone A
res 8 LECR Hi

Threshold Conc.  Threshold Cone.

Radionuclides pCifg

Uranium 233 & 234 1.12E+02

Uranium 235 121E+02

Uranium 238 126E+02

Americium 241 1.57E+01

Plutonium 239 & 240 7.38E+01

Tritium (gas)** 3.88E+07

Strontium 89 1.4E+06

Strontium 90 5.40E+04

Cesium 137 6.18E+04

Radium 226 101E+03

Radium 228 4.66E+03

Non—Radionuclides ugfe uglg

Argenic 1.08E+02

Barium 3.87E+04

Beryllium 6.44E+02

Cadmium 8.87E+02

Chromium I1I 220E+02

Chromium VI 1.32E+03 220E+02

Manganese 441E+03

Mercury 3.32E+03

Hexachlarocyclohexane (alpha) 8.59E+02

Hexachlorocyclohexane (beta) 301E+03

Heptachior 120E+03

Heptachlor Epaxide S95E+02

Aldrin 318E+02

Dieldrin 338E+03

DDT 1.59E+04

Chlordane (alpha, gamma) 4.16E+03

Toxaphene 4.92E+03

VOCs & Semi—VOCs ugl/g uglg

Chloroform . N/A 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 NA

MEK N/A N/A

1,2-Dichloroethane NA N/A

Bromomethane N/A N/A

Carbon Disulfide NA N/A

1,1-Dichloroethene NA N/A

1,1~Dichloroethane N/A N/A

Viny! Acetate NA N/A

1,3-Dichloropropene N/A N/A

1,1,2~Trichioroethane NA N/A

Bromofam N/A N/A

Tetrachloroethene N/A N/A

Chlorobenzene N/A NA

Ethylbenzene N/A N/A

Styrene NA 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 NA N/A

2—Chioroethyl Ether NA NA

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—Trichlorophenol N/A N/A

Hexachlarobenzene N/A N/A
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BATCH DROP CALCULATION — TEST PITS — ZONE A

EPA Threshold Levels LE.CR HI
Threshold Cone. Threshold Conc.

Radionuclides pCilg

Uranium 233 & 234 223E+07

Uranium 235 241E+07

Uranium 238 2.51E+07

Americium 241 1.51E+07

Plutonium 239 & 240 1.47E407

Tritium (gas)** T74E+12

Strontium 89 2.08E+11

Strontium 90 1.08E+10

Cesium 137 123E+10°

Radium 226 201E+08

Radium 228 9.28E+08

Non—Radionuclides ugfe ugly

Arsenic 2.69E+06

Barium 9.60E+08

Beryilium 1.60E+07

Cadmium 220E+07

Chromium I1I 5.47E+06

Chromium V1 328E+07 5.47E+06

Manganese 1LO09E+08

Mercury 826E+07

Hexachlorocyclohexane (alpha) 2.13E+07

Hexachlarocyclohexane (beta) 74TE+H0T

Heptachlor 2.99E+07

Heptachlor Epaxide 1.48E+07

Aldrin 191E+06

Dieldrin 8.40E+07

DDT 395E+08

Chlardane (alpha, gamma) 1.03E+08

Toxaphene 1.22E+08

VOCs & Semi—VOCs uglg ug/g

Chioroform 1.07E+03

1,1,1-Trichlorcethane 1.86E+06

Carbon Tetrachloride 6.66E+02

Benzene 2.89E+03

Toluene 3.71E+05

Dichloromethane 433E+04 5.57E+05

Xylenes 557E+04

MEK 5.57E+05

1,2—-Dichloroethane 9.52E+02

Bromomethane 124E+04

Carbon Disulfide 1.86E+03

1,1-Dichloroethene T2E+01

1,1—Dichloroethane 6.19E+05

Vinyl Acetate 3.71E+04

1,3—Dichloropropene 6.66E-+02 3.71E+03

1,1,2-Trichloroethane 1.52E+03

Bromofam 22E+04

Tetrachloroethene 481E+04

Chlorobenzene 3.09E+04

Ethylbenzene 1.86E+05

Styrene 433E+04

Vinyl Chlaride 2.99E+03

1,2-Dichlorcethane 952E+4+02

1,2—-Dichloropropane 6.66E+02

1,1,2,2—Tetrachloroethane 4.33E+02

2—Chioroethyt Ether 7.87TE+01

1,4-~Dichlorobenzene 124E+05

1,2—Dichlorobenzene 247E+05

Nitrobenzene 3. 71E+03

Hexachlaroethane 6.19E+03

1,2,4—Trichlorobenzene 1.86E+04

Hexachlarobutadiene 1.11E+03

Hexachlarocyclopentadiene L24E+02

2,4,6—Trichlorophenol 7.87TE+03

Hexachlarobenzene 5.41E+401
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"'TOPSOIL REMOVED BY SCRAPHR — ZONE A
EPAToresbold 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
Arsgenic

Barium

Beryllium

Cadmium

Chromium I
Chromium VI
Manganese

Mercury
Hexachlarocyclohexane (alpha)
Hexachlarocyclohexane (beta)
Heptachlor

Heptachlor Epaxide
Aldrin

Dieldrin

DDT

Chlardane (alpha, gamma)
Toxaphene

VOCs & Semi—VOCs
Chioroform
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~Trichioroethane
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
Hexachlaroethane
1,2,4—Trichlorobenzene
Hexachlarobutadiene
Hexachlarocyclopentadiene
2,4,6—Trichlorophenol

Hexachlarobenzene

LECR
Threshold Conc.

2.67E+03
2.88E+03
301E+03
1.80E+03
1.76E+03
925E+08
249E+07
129E+06
1.47E406
2.40E+04
1.11E+05
uplg
129E+03

7.68E+03
1.06E+04

1.57E+04

LO2E+04
3.58E+04
1.43E+04
T.09E+03
3.79E+03
4.03E+04
1.90E+05
4.96E+04
5.86E+04

ve/g
151E+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
6.81E+02

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

8.75E+01
1.57E401

1.11E+02
7.66E—01

HI
Threshold Conc.

4.61E+05

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

2.63E+04

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

175E+02
2.63E+01

8.75E+03

S2SE+02
525E+01

4.38E+02
2.63E+03

L7SE+03
3.50E+03
525E+01
2.63E+02

L7SE+00
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. HI

Threshold Conc. Threshold Conc.
Radionuclides
Uranjum 233 & 234 2.72E+05
Uranium 235 2.94E+05
Uranium 238 3.06E+05
Americium 241 1.84E+05
Plutonium 239 & 240 1.79E+05
Tritium (gas)** 941E+10
Strontium 89 2.53E+09
Strontium 90 131E+08
Cesium 137 1.50E+08
Radium 226 2.45E+06
Radium 228 1.13E+07
Noa —Radionuclides uglp ug/p
Arsenic 131E+05
Barium 4.69E+07
Beryllium 7.82E+05
Cadmium 1.08E+06
Chromium I1I 2.67E+05
Chromium VI 1.60E+06 2.6TE+05
Mangancec 5.35E+06
Mercury 4.03E+06
Hexachlarocyclohexane (alpha) 1.04E+06
Hexachlorocyclobexane (beta) 3.65E+06
Heptachlor 1.46E+06
Heptachlor Epaxide 721E+05
Aldrin 3.86E+05
Dieldrin 4.10E+06
DDT 1.93E407
Chlordane (alpha, gamma) 5.05E+06
Toxaphene 597E+06
VOCs & Semi—VOCs uglg ug/g
Chloroform NA N/A
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 N/A N/A
MEK N/A N/A
1,2-Dichloroethane N/A NA
Bromomethane N/A NA
Carbon Disulfide N/A NA
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 N/A NA
Ethylbenzene N/A N/A
Styrene NA N/A
Vinyl Chloride 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 N/A
Hexachlarobutadiene N/A NA
Hexachlarocyclopentadiene N/A N/A
2,4,6—Trichlorophenal N/A N/A
Hexachlarobenzene N/A

N/A
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"TOPSOIL TRANSPORTATION BY SCRAPER — ZONE A

EPA Threshold Levels LECR HI
Threshold Conc.  Threshold Cone.

Radionuclides

Uranium 233 & 234 126E+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 1.17E+05

Strontium 90 6.08E+03

Cesium 137 6.95E+03

Radium 226 1.14E+02

Radium 228 S524E+02

Non —Radionucliies ugly uglg

Arsenic 245E+01

Barium 874E+03

Beryllium 1.46E+02

Cadmium 2.01E+02

Chromium I11 4.98E+01

Chromium VI 2.9E+02 4.98E+01

Manganese 9.97E+02

Mercury 1.52E+02

Hexachlarocyclohexane (alpha) 1.94E+02

Hexachlarocyclohexane (beta) 6.80E+02

Heptachior 2.2E+02

Heptachlor Epaxide 1L34E+02

Aldrin 720E+01

Dieldrin T.65E+02

DDT 3.60E+03

Chlordane (alpha, gamma) 9.41E+02

Toxaphene 111E+03

VOCs & Semi—VOCs vg/g ug/g

Chloroform NA NA

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

Carbon Tetrachlaride N/A N/A

Benzene NA N/A

Toluene N/A N/A

Dichloromethane N/A N/A

Xyienes N/A N/A

MEK NA 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 NA

Vinyl Acetate N/A N/A

1,3—Dichioropropene N/A N/A

1,1,2—Trichloroethane N/A NA

Bromofarm N/A N/A

Tetrachlaroethene N/A N/A

Chlorobenzene N/A NA

Ethylbenzene N/A N/A

Styrene N/A NA

Vinyl Chloride 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

1,4—Dichiorobenzene N/A N/A

1,2—-Dichlorobenzene N/A N/A

Nitrobenzene N/A N/A

Hexachloroethane NA N/A

1,2,4~Trichlorobenzene NA N/A

Hexachlarobutadiene N/A N/A

Hexachlarocyclopentadiene N/A N/A

2,4,6—Trichlorophenol NA N/A

Hexachlarobenzene N/A N/A
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I Tritium (gas)** NA
Strontium 89 N/A
Strontium 90 NA
Cesium 137 : N/A
I Radium 226 N/A
Radium 228 NA
Noo—Radionuclides ugfe ugfe
Argenic 9.80E+03
Barium 3.50E+06
l Beryllium L 5.83E+04
Cadmium 8.03E+04
Chromium I1I 1.99E+04
Chromium VI 1.20E+05 1.99E+04
l Manganese 3.99E+05
Mercury 3.01E+05
Hexachlarocyclohexane (alpha) 7.78E+04
Hexachlarocyclohexane (beta) 2. 2E+05
l Heptachlor 1.09E+05
Heptachlor Epaxide 5.38E+04
Aldrin 2.88E+04
Dieldrin 3.06E+05
DDT 1L.4E+06
Chlordane (alpha, gamma) 3.TTE+05
Toxaphene 4.45E+05
VOCs & Semi—VOCs ug/g uglg
Chloroform 327E+00
' 1,1,1 -Trichloroethane 5.67E+03
Carbon Tetrachloride 2.03E+00
Benzene 8.8E+00
Toluene 1.13E+03
I Dichloromethane 1.32E+02 L70E+03
Xylenes 1.70E+02
MEK L.70E+03
1,2-Dichloroethane 291E+00
Bromomethane 3.78E+01
Carbon Disulfide 5.67E+00
1,1-Dichloroethene 2.20E—-01
1,1-Dichioroethane 1.89E+03
Vinyl Acetate 1.13E+02
1,3—-Dichloropropene 2.03E+00 L13E+01
1,1,2-Trichioroethane 4.64E+00
Bromofam 6.78E+01
Tetrachloroethene 1L47E+02
I Chiorobenzene 9.45E+01
Ethylbenzene 5.67TE+02
Styrene 1.32E+02
Vinyl Chlaride 9.12E+00
l 1,2-Dichloroethane 291E+00
1,2—Dichloropropane 2.03E+00
1,1,2,2—Tetrachloroethane 1.32E+00
2—Chioroethyt Ether 2.40E-01
1,4—Dichlorobenzene 3.78E+02
1,2—Dichlorobenzene 756E+02
Nitrobenzene 1.13E+01
Hexachloroethane 1.89E+01
1,2, 4-Trichlorobenzene 5.67E+01
Hexachlarobutadiene 339E+00
Hexachlarocyclopentadiene 3.78E-01
2,4,6—Trichlorophenol 2.40E+01
l Hexachlorobenzene 1.65E~01




ATTACHMENT A.3.4
ZONE B CALCULATIONS
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M .

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—Radionuclikies
Argenic

Barium

Beryllium
Cadmium
Chromium I11
Chromium VI
Manganese
Mercury

Heptachlor

Heptachlor Epcxide
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-Dichlorocthene
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-Dichiorobenzene
Nitrobenzene
Hexachlaroethane
1,2,4—Trichlorobenzene
Hexachlarobutadiene
Hexachlarocyclopentadiene
2,4,6—Trichlorophenol

Hexachiarobenzene

HOLE DRILLING — ZORE B~
EPAThreshold Levels

Hexachlorocyclohexane (alpha)
Hexachlorocyclohexane (beta)

LECR
Threshold Coac.

BCifg

u

1.04E+05
LI12E+05
116E+05
6.99E+04
6.82E+04
3.58E+10
9.64E-+08
4.99E+H07
5.70E+07
9.32E+05
4.30E+06

1.00E+05

5.95E+05
8.19E+05

12E+06

7.93E+05
2.78E+06
1.11E+06
5.49E+05
2.94E+05
3.12E+06
147TE+07
3.84E+06
4.54E+06

3.64E+04

227E+4
9.83E+04

147E+06

324E+04

2.46E+03

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

147E+06
1.02E+05
324E+04
227E+04
147E+04
2.68E+03

2.11EH05
3.78E+04

2.68E+05
1.84E+03

HI
Threshold Coac.

357TEH07

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

3.07E+06

6.32E+07

126E+07
1L90E+07
1.90E+06
1.90E+07

421E+05
6.32E+04

211E+07

1.26E+06
126E+05

LOSE+06
6.32E+06

4.21E+06
8.42E+06
126E+05
6.32E+05

421E+03
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LECR Hi

Thregshold Conc. Threshold Conc.
Radionuclides i
Uranium 233 & 234 2.76E+03
Uranium 235 2.98E+03
Uranium 238 311E+03
Americium 241 1.86E+03
Plutonium 239 & 240 1L.RE+03
Tritium (gas)** 9.55E+08
Strontium 89 2.57E+07
Strontium 90 1.33E+06
Cesium 137 1.52E+06
Radium 226 2.48E+04
Radium 228 1.15E+05
Non—Radionuclides uglp ugly
Arsenic 2.67E+03
Barium 9.52E+05
Beryllium 1.59E+04
Cadmium 2.18E+04
Chromium I1I 543E+03
Chromium VI 325E+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 Epoxide 1.46E+04
Aldrin 184E+03
Dieldrin 8.33E+04
DDT 3RE+05
Chlardane (alpha, gamma) 1.03E+05
Toxaphene 121E+05
VOCs & Semi—VOCs uglg uglg
Chloroform NA N/A
1,1,1-Trichloroethane NA 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 NA N/A
Bromofarm N/A N/A
Tetrachloroethene N/A N/A
Chlorobenzence N/A NA
Ethylbenzene N/A N/A
Styrene N/A NA
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 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 NA
Hexachlorobutadiene N/A N/A
Hexachlarocyclopentadiene N/A N/A
2,4,6—Trichlorophenol N/A N/A
Hexachlorobenzene N/A N/A
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scle Traffic — Hea
8 LECR HI
Threshold Cone. Threshold Conc.

Radionuclides i
Uranium 233 & 234 2.76E+02
Uranium 235 2.98E+02
Uranium 238 311E+02
Americium 241 1.86E+02
Plutonium 239 & 240 1.R2E+02
Tritium (gas)** 9.55E+07
Strontium 89 2.57E+06
Strontium 90 1.33E+05
Cegium 137 1.52E+05
Radium 226 2.48E+03
Radium 228 1.15E+04
Non—Radionuclides uglg ugpfy
Arsenic 2.6TE+02
Barium 9.52E+04
Beryllium 1.59E+03
Cadmium 2.18E+03
Chromium III 543E+02
Chromium VI 325E+03 5.43E+02
Manganese 1.09E+04
Mercury 8.19E-+03
Hexachlarocyclohexane (alpha) 2.12E+03
Hexachlarocyclohexane (beta) 7.40E+03

' Heptachlor 2.96E+03
Heptachlor Epaxide 1.46E+03
Aldrin 7.84E+02
Dieldrin 8.33E+03
DDT 3.R2E4+04
Chlordane (alpha, gamma) 1.03E+04
Toxaphene 121E+04
VOCs & Semi—VOCs ug/g ug/g
Chloroform NA N/A
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 NA N/A
Vinyl Acetate N/A N/A
1,3—Dichioropropene NA NA
1,1,2—Trichloroethane N/A N/A
Bromofarm N/A N/A
Tetrachloroethene N/A N/A
Chlorobenzene N/A N/A
Ethylbenzene N/A N/A
Styrene NA N/A
Vinyl Chiaride N/A N/A
1,2—Dichloroethane NA N/A
1,2—-Dichloropropane N/A N/A
1,1,2,2—Tetrachlorosthane NA N/A
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 N/A 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
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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
Arsenic

Barium

Beryilium

Cadmium

Chromium I11
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 Chleride
1,2-Dichloroethane
1,2—Dichioropropane
1,1,2,2=Tetrachloroethane
2-Chioroethyl Ether
1,4-Dichlorobenzene
1,2—Dichlorobenzene
Nitrobenzene
Hexachlaroethane
1,2,4—Trichlorobenzene
Hexachlarobutadiene
Hexachlarocyclopentadiene
2,4,6—Trichlorophenol
Hexachlarobenzene

CR
Threshold Conc.

551E+07
5.96E+07
620E+07
3.72E+07
3.63E+07
1.91E+13
513E+11
2.66E+10
3.04E+10
4.96E+08
229E+09
ugl
6.64E+06

3.95E+07
S.4E+07

8.09E+07

527TE+07
1.84E+08
7.37E+H07
3.65E+07
195E+07
2.07E+08
9.76E+08
2.55E+08
3.02E+08

uglg
2.63E+03

1.64E+03
711E+03

107E+05
234E+03
178E+02

1.64E+03
3.74E+03
5.47E+04
118E+05

LO7TE+05
7.35E+03
234E+03
1.64E4+03
1.07E+03
1.94E+02

1.52E+04
2.73E+03

1.94E+04
1.33E+02

HI
Threshold Cone.

ugli
237TE+09

1.35E+07
L35E+07
2.70E+08
2.04E+08

4.57TE+06

9.14E+05
1.37E+06
137E+05
1.37E+06

3.05E+04
4.57TE+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
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[TOPSOIL REMOVED BY SCRAPER — ZONE B
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
Argenic

Barium

Beryllium

Cadmium

Chromium III
Chromium VI
Manganese

Mercury
Hexachlorocyclohexane (alpha)
Hexachlorocyclohexane (beta)
Heptachlor

Heptachlor Epaxide
Aldrin

Dieldrin

DDT

Chlardane (alpha, gamma)
Toxaphene

VOCs & Semi—~VOCs
Chloroform
1,1,1-Trichioroethane
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
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
Hexachloroethane
1,2,4—Trichlorobenzene
Hexachiorobutadiene
Hexachlarocyclopentadiene
2,4,6—Trichlorophenol
Hexachlarobenzene

LE.CR
Threshold Conc.

6.58E-+03
7.10E+03
7.40E+03
4.44E+03
433E+03
228E+09
6.12E+07
3.17E-+06
3.62E+06
5.92E-+04
2.73E+05

ugfp
3.18E+03

1.89E+04
2.60E+04

387E+04

2.52E+04
882E+04
3.53E+04
1.7SE+04
9.34E+03
9.93E+04
4.67TE+05
1.22E+05
1.44E+05

ug/e
3.73E+01

2.32E+01
1LO1E+02

151E+03

332E+01

2.51E+00

2.32E+01
529E+01
774E+02
1.68E+03

151E+03
1.04E+02
3.RE+01
2.2E+01
151E+01
2.74E+00

2.16E+02
3.87E+01

2.74E+02
1.89E+00

HI
Threshold Conc.

1.13E+06

647E+03
647E+03
129E+05

9.76E+04

6.47E+04

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

4.31E+02
6.47E+01

2.16E+4

129E+03
129E+02

1.08E+03
6.47E+03

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

4.31E+00
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HI

Threshold Conc.
Radionuclides i
Uranium 233 & 234 6.70E+05
Uranium 235 7.23E+05
Uranium 238 1.53E+05
Americium 241 4.52E+05
Plutonium 239 & 240 441E+05
Tritium (gas)** 232E+11
Strontium 39 623E+09
Strontium 90 323E+08
Cesium 137 3.69E+08
Radium 226 6.03E+06
Radium 228 2.78E+07
Non—Radionuclides ugfy uglp
Argenic 323E+05
Barium 115E+08
Beryllium 1.92E+06
Cadmium 2.65E-+06
Chromium 111 6.58E+05
Chromium V1 3.94E+06 6.58E+05
Manganese 1.2E+H07
Mercury 9.93E+06
Hexachlorocyclohexane (alpha) 257E+06
Hexachlorocyclohexane (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
Chiordane (alpha, gamma) 124E+07
Toxaphene 147E+07
VOCs & Semi—~VOCs ug/g ug/g
Chloroform NA N/A
1,1,1 ~Trichloroethane N/A N/A
Carbon Tetrachlaride N/A NA
Benzene N/A NA
Toluene NA 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 NA
1,1,2—Trichloroethane N/A N/A
Bromofarm N/A N/A
Tetrachlarocthene N/A N/A
Chlorobenzene NA NA
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 NA
2~Chioroethyl Ether N/A N/A
1,4—Dichlorobenzene N/A N/A
1,2-Dichlorobenzene NA NA
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-Trichlorophenol N/A N/A
Hexachlarobenzene N/A N/A
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[TOPSOIL TRANSPORTATION BY SCRAPER — ZONE B

EPA Threshold Levels LECR HI
Threshold Cone. Threshold Cone.

Radionuclides i

Uranium 233 & 234 3.11E+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 1L71E+04

Radium 226 2.80E+02

Radium 228 129E+03

Non—Radionuclides ugfg ugly

Arsenic 6.03E+01

Barium 2.15E+04

Beryllium 3.59E+02

Cadmium 4.94E+02

Chromium III 123E+02

Chromium VI 7.35E+02 123E+02

Manganese 245E+03

Mercury 1.85E+03

Hexachlorocyclohexane (alpha) 4.78E+02

Hexachlorocyclohexane (beta) 1.67E+03

Heptachlor 6.70E+02

Heptachlor Epaxide 331E+02

Aldrin 1.77E+02

Dieldrin 1.88E+03

DDT 8.86E+03

Chiordane (alpha, gamma) 232E+03

Toxaphene 2.74E+03

VOCs & Semi—~VOCs ug/g ug/g

Chloroform NA NA

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

Xyienes N/A N/A

MEK N/A NA

1,2-Dichloroethane N/A NA

Bromomethane NA 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-Dichioropropene N/A NA

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

Bromofarm N/A N/A

Tetrachloroethene N/A N/A

Chlorobenzene N/A N/A

Ethylbenzene N/A NA

Styrene N/A NA

Vinyl Chlaride N/A N/A

1,2-Dichloroethane N/A N/A

12—Dichloropropane N/A N/A

1,1,2,2—Tetrachloroethane N/A N/A

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

Hexachlaroethane N/A N/A

1,2,4—Trichlorobenzene N/A N/A

Hexachlarobutadiene 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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Radionuclides pCifg

Uranium 233 & 234 N/A

Uranium 235 N/A

Uranium 238 N/A

Americium 241 NA

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 I11 491E+04
Chromium VI 2.94E+05 491E+04
Manganese 9.83E+05
Mercury T41E405
Hexachlorocyclohexane (alpha) 192E+05
Hexachlarocyclohexane (beta) 6.70E+05

Heptachlor 2.68E+05

Heptachior Epaxide 133E+H05

Aldrin 7.10E+04

Dieldrin 1.54E+05

DDT 3.55E+06

Chlordane (alpha, gamma) 9.28E+05

Toxaphene 1.10E+06

VOCs & Semi—VOCs ug/g uglg
Chioroform 8.04E+00
1,1,1-Trichloroethane ) 1.40E+04
Carbon Tetrachloride 5.01E+00

Benzene 2.17E+01

Toluene 2.79E+03
Dichloromethane 326E+02 419E+03
Xyienes 4.19E+02
MEK 419E+03
1,2—-Dichloroethane 7.16E+00

Bromomethane 9.30E+01
Carbon Disulfide 140E+01
1,1-Dichloroethene 5.43E-01
1,1-Dichloroethane 4.65E+03
Vinyl Acetate 2.79E+02
1,3-Dichloropropene 5.01E+00 2.719E+01
1,1,2—-Trichloroethane 1.14E+01

Bromofam 1L67E+02
Tetrachlaroethene 3.62E+02

Chiorobenzene 233E+02
Ethylbenzene 1.40E+03
Styrene 326E+02

Viny! Chiaride 225E+401
1,2~Dichloroethane 7.16E+00
1,2—-Dichloropropane 5.01E+00
1,1,2,2—Tetrachloroethane 326E+00

2~Chioroeihyt Ether 5.92E-01
1,4-Dichlorobenzene 9.30E+02
1,2-Dichlorobenzene 1.86E+03
Nitrobenzene 2.719E+01
Hexachlaroethane 4.65E+01
1,2,4—Trichlorobenzene 1.40E+02
Hexachlarobutadiene 835E+00
Hexachlarocyclopentadiene 9.30E—01
2,4,6—Trichlorophenol 5.92E+01
Hexachlarobenzene 4.07E—01




ATTACHMENT A.3.5
ZONE C CALCULATIONS
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[HOLE DRILLING — ZONEC
EPAThreshold Tevels

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
Noo—Radionuclides
Arsenic

Barium

Beryllium

Cadmium

Chromium I1I
Chromium VI
Manganesc

Mercury
Hexachlarocyclohexane (alpha)
Hexachlarocyclohexane (beta)
Heptachlor

Heptachior 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
Tetrachloroethene
Chiorobenzene
Ethylbenzene

Styrene

Vinyl Chicride
1,2-Dichloroethane
1,2—Dichloropropane
1,1,2,2—Tetrachloroethane
2—-Chioroethyl Ether
1,4-Dichiorobenzene
1,2—-Dichlorobenzene
Nitrobenzene
Hexachlaroethane
1,2,4—Trichlorobenzene
Hexachlorobutadiene
Hexachlarocyclopentadiene
2,4,6—Trichlorophenol

Hexachlarobenzene

LE.CR
Threshold Cone.

2.01E+05
2.17E+05
2.26E+05
1.36E-+05
1.33E-+H05
697E+10
1.87E+09
9.70E+07
1.11E+08
1.81E+06
8.36E+06
uglg
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. T2E+05
6.07TE+06
2.86E+07
7.48E+06
8.84E+06
ug/g
7.08E+04

441E+04
191E+05

2.87E+06

6.30E+04

4.78E+03

441E+04
1.01E+05
147E+06
3.18E+06

2.87E+06
1.98E+05
6.30E+04
4.41E+04
2.87E+04
521E+03

4.09E+05
735E+04

521E+05
3.58E-+03

HI
Threshold Conc.

6. M4E+07

3.96E+05
3.96E+05
791E+06

5.97E+06

1.23E+08

2.46E+07
3.68E+07
3.68E+H06
3.68E+H07

819E+05
123E+05

4.09E-+07

2.46E+06
246E+05

2.05E+06
123E+07

8.19E+06
1L64E+07
246E+0S
123E+H06

819E+03
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