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EXECUTIVESUMMARY 

The Plan for Prevention of Contaminant Dispersion (PPCD) is a "primary 

document" specified under the Interagency Agreement (IAG) between the 

Environmental Protection Agency (EPA), the Colorado Department of Health 

(CDH), and the Department of Energy (DOE) Rocky Flats Operations. 

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

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

transport of hazardous or dangerous materials; and (2) The PPCD shall include a 

proposal to evaluate the potential for and risk of windblown contaminants from the 
i 

1 Rocky Flats Plant (RFP). 
I 

The applicability of the PPCD to intrusive field activities conducted as part of 

a RCRA Facility Investigatioaemedial Investigation @FI/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 
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following: establishing wind speed thresholds, water spray soil applications, waste pile 

covering, and general administrative control measures such as vehicular speed 

limitations. The effectiveness of such controls will be measured by occupational 

health and safety real-time particulate and vapor monitors, soil moisture gauges, and 

anemometers. 

Activities conducted under Stage 2 are performed at locations where RFmI 

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 curtabs or paving. The selection of any particular 

technique will depend on the activity performed and the effectiveness and/or 

implementability of the technique under consideration. In addition to real time 

monitoring, air sampling provides an integrating record of the dust concentrations 

during the work activities. 

Site-specific implementation plans and monitoring programs will be developed 

to verify proper execution and effectiveness of the control measures applied. Work 

will cease when the monitoring indicates unacceptable airborne concentrations of 

contaminants. Work will only resume these concentrations have been reduced to 

acceptable levels. 

The PPCD has been developed through a working committee consisting of 

representatives from EPA, CDH, DOE, and EG&G. The technical approach and 

compliance measures that form the basis of this document were jointly discussed 

through a series of working group sessions. 
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1.0 INTRODUCTION 

1.1 Backmound 

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 187 Individual 

Hazardous Substance Sites (MSS). Each MSS 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 

evaluate the potential for and risk of windblown inorganic, radioactive, 
and organic hazardous constituents released from sites at the Rocky 
Flats Plant. . . 

techniques which DOE shall include as part of the Plan, a proposal to I 
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The PPCD draft version 1.0 was reviewed by the Colorado Department of Health 

(CDH) and the Environmental Protection Agency (EPA) Region VIII. The review 
resulted in a revised approach to develop a more project-specific plan with a defined 

purpose. A working group was formed to jointly develop a document addressing the 

intent of the IAG PPCD. The working group consisted of representatives from the 

following organizations: Colorado Department of Health (CDH), EPA, DOE, and 

EG&G. Approximately every three to four weeks, meetings were held to discuss the 

technical approach to fulfilling the purpose of the PPCD. 

i I 

Upon review of the initial PPCD Draft (Version 2.0) EPA commentors 
I 

(EPNCDH 1991) recommended the following: 
I 

I I 
I 

I 

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

’ 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 calculatibds, assumptions, and conclusions which contain significant 
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information to support the various aspects of the PPCD. The document has been 
written for the lay public as well as the direct users. 

This document has been developed from a working group approach and is 

considered to be a "final PPCD". A final responsiveness summary addressing public 

comments will be developed after the public has had an opportunity to thoroughly 

evaluate and publicly comment as stated in the IAG. The RFP Community Relations 

Plan will be the means for public involvement, awareness and communication 

regarding the approval and implementation of the PPCD. 

1.2 ScoDe and ADDlication 

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 

RFyRI 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 (RFURI) 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 I 
RFI/RI field investigation or IM/IRA. The RFI/RI field investigation refers to the 

RCWCERCLA-SARA investigation, remedial action alternatives assessment, and 
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remedial action process. The investigation phase of an RFI/RI includes the test pits 

and drilling phases, etc. This process includes activities such as preparation of 

workplans and health and safety plans, conducting RFI and RI field studies, 

evaluating potential public and environmental health impacts through Baseline Risk 
Assessments (BRAS), analyzing remedial action alternatives through completion of 

Feasibility Studies and Corrective Measures Studies, and obtaining a Record of 

Decision (ROD), as well as remedial design, remedial action (RD/RA) and 

compliance verification. The RFyRI phase of this process includes activities directed 

atl hazardous waste site investigation. For purposes of the PPCD, Interim Remedial 

Actions (IM/IRAs) are also considered. 
4 

I 

Table 1 id,t!ntifies three specific stages of intrusive field activities that codd ' 

occur during the R F q I  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: 

I 

I 
Table 1 

1 
I 
8 
1 
i 
11 
u I 

FS Risk Assessment 

I Remedial Investigation/Interim Remedial Action Period. During this 
period of RFI/RI activities, investigation-driven intrusive activities are 
being performed at the site. Such1 ' I  activities include: borehole and 

monitoring well installation and small scale excavation such as test-pit 

installations. Additionally, as indicated above, IM/IRAs may be 
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conducted during this period. The latter are expected to result in 
higher emissions than RFI/RI activities. Overall, the emissions 

generated from the Remedial Investigation/ Interim Remedial Action 

activities at the RFP are expected to be relatively small compared to 

large-scale remediation projects. The environmental impacts for these 

activities are considered minimal. 

No Action Period. This segment of the RFI/RI process coincides with 

periods when no intrusive field activities are being conducted. Since 
no intrusive activities are being performed, contaminants are not being 

released as a result of investigation or r e m e d i a t i o m  activities. 

Remedial Action Period. This period of activity occurs after approval 

of the Proposed Remedial Action Plan and signing of the ROD. The 

remedial action period includes remedial design and remedial actions, 

and is often characterized by large-scale construction, earth-moving, 

and other heavy mechanized actions related to cleanup. Generally, 

emissions generated as a result of Remedial Action Period activities 

have the potential to be of considerably greater magnitude than those 

associated with the Remedial Investigation/hterim 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. 

5 
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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 environniental restoration program. 
I 

Inspection of Table 11 indicates that the hazardk to the three potentially 

exposed populations during the no action stages, yith the exception of remediation 

workers, be evaluated in the BRAS. BRAS are required under the IAG for each 

OU A part of the RFW 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 boddary public 

resulting from intrusive activities during the Remedial Investigation/hterim 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. 

I 

' I  I 

I 

1 
I 

I 

I 

I 

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 estadlishing acceptable exposure levels for workers and 

in the establishment of monitoring requirements. 
I 

I '  

I I 

6 

I 

I 1  

DRAFT 



8 
I 
1 
1 
1 

11 

The following paragraphs have been included to provide a clear explanation 

of the various studies required to evaluate the risk of contaminant wind dispersion. 

The general focus of each study has been presented below. 

1.2.2 Baseline Risk Assessment 

Individual hazardous substance sites at RFP have been grouped into 16 OUs. 

A Baseline Risk Assessment will be conducted for each OU (IAG 1991) to evaluate 

the potential threat to the health and environment of potential receptors: the plant 

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

The basic elements of the Baseline Risk Assessment are data evaluation, 

exposure assessment, toxicity assessment, and risk characterization. During the data 

evaluation phase available information on the hazardous substances located at each 

OU will be screened to identlfy principal contaminants. The exposure assessment will 

identlfy 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). 
I 
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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 RFT in order to identlfy, evaluate, and select I alternatives for the 

appropriate remedial action to prevent, mitigate, or abate the release of the principal 

contawants. At this time, feasibility studies are only beginning ,to be developed. I 

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

i Investigation phase described & the ne!d section. The feasibility study process has 

I ' I  

four basic components: 
I I 
i 

I 1  

1. development of alternatives for remediation; 

2. screening1 of alternatives; 

3. detaile'd analysis of alternatives; and 

4. selection of preferred alternative(s). 

I 

I 

I 

I 
i '  

I 

i 
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 estabhshed 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; enviroximental 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 

I 
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to protect the public and the surrounding environment from windblown hazardous 

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

instructs the DOE to ''prepare RCRA Facility Investigation/Remedial Investigation 

Reports which will include the Baseline Risk Assessment resul ts... and shall be 

developed using the RCRA Facilitv Investigation Guidance (Interim Final), and the 

Guidance for Conducting Remedial Investigations and Feasibilitv 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 

EPNCDH approved site-wide Standard Operating Procedures (SOPS). The SOPs 

contain specific procedures for General Equipment Decontamination and many other 

field operations, groundwater, geotechnical surface water, and ecology operations. 

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

Besides guiding field activities, the PPCD outlines the necessary steps which 

shall be taken to "evaluate the potential for and risk of windblown inorganic, 

radioactive and organic hazardous constituents released from sites of the Rocky Flats 

Plant" (LAG, 1991). The PPCD includes specific procedures that 1) establish soil 
threshold levels, 2) determine the dust emission mitigation required when 

concentrations are in excess of the thresholds (Stage 2 areas), and 3) establish a 

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

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

predict the rate at which contaminants are released into the air from a source, and 
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a dispersion model predicts associated concentrations in air at receptor points. A 

complete modeling set (see Appendices 2 through 6) will permit the PM to evaluate 

the potential for off-site impacts resulting from intrusive activities and guide the PM 

in selection of appropriate dust control measures. 

The PPCD references the most current information in determining the uptake 

concentration of a hazardous substance that would result in an increased lifetime 

excess cancer risk or noncarcinogenic health effects. The methodology for obtaining 

this information and the specific application of how the toxicological data are used 

is discussed in Appendix 1 - Principal Contaminants. 

I 

I ' I  
I 

I I I 
The application of the PPCD monitoring program cobcides with the health 

and safety monitoring program currently being enforced at RFP. The primary 

purpose of the monitoring program is to provide reF-time, monitoring to verify that 

! 
I 
I 

I 

emissions resulting from intrusive activities are within acceptable guidelines. Figure 

1 depicts a flow diagram which outlines the key dkcision 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 

I 

I I 

2 are those activities performed at locations where RFyRI 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 C o n d a n t  Dispersion 

(PPCD, Appendix 8). The Stage 2 preventive measures consist of Stage 1 methods 

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

I 
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FIGURE 1 

IMPLEMENTATION OF THE PPCD 
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Stage has a specific monitoring program and implementation plan that verify proper 

execution. 

Using existing data, the PM will determine if the OU specific (possibly IHSS 
specific) contaminant concentration levels in soil are above the derived soil threshold 

levels. Soil threshold levels have been calculated based on gaussian plume dispersion 

(provides the dust concentration at the site boundary) and intake fadtors 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 I 

3 discusses the dispersion model and the calculation of soil tdeshold levels 1 
(summarized in Appendix 5). Appendix 4 discusses the performance criteria and 

. 

I 

I 

I I I 

intake factors used. j I 

It is expected that the soil being disturbed by intrusive field actidties 

associated with the RFURI field investigation or I IM/IRA normally will have 

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

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

programs. I 

1 
I 

I 

I 

The Stage 1 monitoring and dust suppression programs encompass normal day 

to day health and safety monitoring requirements. This is supported by the RFP 
Environmental Restoration SOPS, Sitewide H&S plans, OU-specific H&S plans, and 

the subcontractor site H&S plans. Appendix 7 (Monitoring) discusses the specific 

procedures and instrumentation requirements. To assist the PM in his assessment 
of the need to implement dust suppression techniques, wind speed monitoring (with 

shutdown criteria 15 or 35 mph, 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: 

12 DRAFT 

I 



soil wetting 

0 vehicular traffic restrictions 
soil covering during non-work periods 

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). 

I 

1 
I 

I 

I 

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 si@cant setup time and 

could result in si@cant 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. h e  on-site real- 

time instrumentation will provide the information necessary to evaluate the adequacy 
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of Stage 2 prevention measures and to venfy 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 SDecific ComDonents 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) 
3) Establish monitoring requirements; and 

4) Develop bplementation plan. 

Conduct a preventive measures assessment; 

I 

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 

I 
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 

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

was chosen for Operable Unit 3 (OU3) for off-site releases (Drawing 2). OU3 
includes Individual Hazardous Substance Sites 199 (Contamination of the Land 
Surface), 200 (Great Western Reservoir), 201 (Standley Reservoir), and 202 (Mower 
Reservoir). Each area has a number of emission activities at various points within 

the modeling zones. A specific modeling point has been conservatively selected on 
the wind vector having the highest frequency (1990 Rocky Flats Wind Rose, in 

Appendix 3) with a location in the middle of the zone (Zone A and OU3) or at the 
boundary nearest to the receptor (Zone B and C). Additional conservatism was 

introduced into the modeling of exposure by assuming that human receptors are 
closer to the emission source than they actually are. The modeling zones were 
designated based on OU-specific workplans and remedial investigation schedules. 
Modeling Zone B contains the majority of remedial investigation activities planned 
over the next five years (IAG scheduled final Field Activity Finish, January 1997); 

Modeling Zone A contains the most acreage and Zone B contains the site buildings 

and perimeter security zone. 

Emission scenaiios 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 XIWIEW 
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. 

2.1.1.1 Emission Scenarios 

The following scenarios were used for general descriptions of dust producing 

RFI/RI type activities (see Appendix 6 for details of each of the scenarios desmied; 
Appendix 2 introduces emission factor models applied to the scenarios): 
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Maior 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 I& By 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. 

(3) DriUine: 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. 

(4) Vehicular Traffic on Unpaved Roadwavs: the volume of traffic 

associated with a particular RFVRI activity will vary according to the 
type of excavation performed. Heavy vehicular traffic flow is assumed 
to be associated with major excavations. Light vehicular flow is 

associated with minor excavations primarily due to equipment needs 
and support team involvement. A sensitivity analysis of the vehicular 

traffic model is presented in Appendix 2, Estimation of Emission 

Rates. 

Other activities have been proposed in RI workplans; however, based upon 
preliminary computations, the scenarios identified will result in the highest emissions. 
Appendix 2 provides a detailed analysis of the emission rate calculations for each of 
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the scenarios. The references for each of the modeling algorithms have been 

provided as well as the actual formula used. 

2.1.1.2 Step by Step Process Explanation 

The establishment of soil thresholds was based on the following basic steps: 
I 

1) 

2) 

3) 

4) 

5) 

Identlfy the principal contaminants (Appendix 1) 

Calculate activity-specific emission rates (Appendix 2) 1 

Disperse the contaminant to the site boundary (Appehdix 3) 

Calculate the relative intake and resulting risk (Appendix 4) 

Esdablish soil threshold levels based on acceptable risk (Appendii 5 )  

I I 

I 

I ,  I 
Step 1 

I 

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 nonwcinogens is 

' then performed. 

SteD 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 dll day (10 hour work day) for 365 
daysbear. Several other key assumptions are also listed in Appendix 2. 

I /  
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SteD 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. 

SteD 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 A41 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 

1 x 10" to 1 x lo6 lifetime excess cancer risk (40 CF'R 300). The 10" risk level is 
used as the "point of departure" for multiple contaminants at a site or multiple 

pathways of exposure. In addition, assumptions that would err on the side of safety 

were consistently applied. Appendix 4, Risk Calculations, contains additional 

discussion regarding the treatment of parameter uncertainty. 

I 1  I 
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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 lo6 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- 
‘ I  I calculation is provided in Appendix 5. The hazard index is defined as the estimated 

daily intaie divided by the reference dose for a noncarcinogen assuming a lifetime 

daily intake. Attachment 1 to Appendix ,i lists soil threshold levels for each 

contaminant of concern in each modeling zone for, each emission activity. This table 

9 serve as the primary ghdance table for evaluating the Stage I and Stage 11 
mitigative measure and associated monitoring requirements. 

I I 

I 

I 2.1.2 Preventive Measures Assessment 
I 

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

technologies aAd processes associated with DOE and Superfund facilities and discuss 

the major attributes relative to RFI/RI activity descriied 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 

1.988). 
I 

I The primary reference used for identifyrng dust control measures was the Dust 

Control Handbook (EPA, 1985). A two step process consistent with RVFs g ~ & ~ ~ c e  

was used to evaluate the control measures relevant to RFP EWI/RI activities. Step 
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one identified suitable technologies. Step two ranked the control measures which are 

technically feasible and implementable to achieve the lowest achievable emission rate. 

The ranking system was based primarily on effectiveness and implementability 

consistent with guidance. Cost was given a lesser consideration. 

Selecting dust prevention control methods involved considering specific 

measures to prevent the spread of contaminants while conducting RFYRI activities. 

A section entitled General Control Measures was added to spec@ 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 EuuiDment Decontamination, and 

1.4 Heaw Ea uipment 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 proydes a brief discussion of the dust producing activities 

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

emission activity. 

I 
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2.1.2.1 Major Excavations 

For the major excavations, the following dust suppression techniques were 

evaluated: area spray with water, area spray with a water-surfactant mixture, 

chemical dust suppressant, foam, spray curtain, windscreen, and containment 

structures. 

Area spraying with water had a 62-70 percent efficiency for five particulates 

and was determined to be "easily implemented." For these reasons, this method was 

determined to have the highest ranking. The discussion of the other alternatives can 

be found in Appendix 6. 

2.1.2.2 Minor Excavations 

The same control methodologies were evaluated for minor excavations 

producing the same recommendation, area spraying with water. This ranking was 
based on the method being "very effective" and "easily implemented.'' 

2.1.2.3 Drilling 

Drilling activities for test wells or monitoring wells can involve the use of 

various drilling techniques, including those discussed'in Section 2.2.1.1 of this 

document. Dust suppression needs are expected to be minimal and can be handled 

with portable spray units. 

2.1.2.4 Unpaved Roads 

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

introduction of additional chemicals to a Superfund site could present additional 
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waste disposal requirements. Spraying with water was specified with recommended 

applications of 0.125 gallons/square yard every 20 minutes (EPA 1985). However, the 

utilization of chemical dust suppressants is recommended when dust produced by 

heavy traffic cannot be controlled by watering. 

2.1.3 Monitoring Requirements 

Appendix 7, Air Monitoring Requirements, contains a Gzscription of the 

instrumentation and methodology used for evaluating the airborne concentrations of 

hazardous and radioactive contaminants. This section summarizes the key elements 

of the Stage 1 and Stage 2 monitoring program. The program covers occupational 

monitoring requirements as well as site boundary perimeter air monitoring practices. 

2.1.3.1 RFI/RI Monitoring Program 

The PPCD is broken into two stages (1 and 2), each stage has similar 
monitoring needs based on differing soil contaminant concentration levels. 

The administrative responsibilities fall primarily on the project manager in 

charge of field operations. There are several levels of an umbrella type of H&S 

workplan documentation. Figure 2 depicts the hierarchy of H&S plans. An increase 

in detail regarding monitoring requirements is inherent throughout the documents. 

The RFP site-wide H&S Program serves as the basis for developing site-specific H&S 

plans. Guidance documents are provided by EG&G to subcontractors in the form 
of a RFP Health and Safety Program Plan (EG&G 1990a) and the RFP Health and 

Safety Plan Workbook (EG&G 199Ob). 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, 

I I 
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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 k5.1. The 

primary elements of the Stage 1 monitoring program include: 

Windspeed 
0 Soil moisture measurements 

Total suspended particulate measurements 

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

As a minimum requirement for any RFI/RI intrusive activity, wind 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. 

2.1.3.1.2 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 I 

effectiveness of the selected mitigative measure. Worker breathing zone sampling 

may also occur to increase surveillance of worker exposure. 

I 
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I 2.1.3.1.3 Work Start/Stop Criteria 

1 

, I  
:1 

I 

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 k7.6 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 pm. 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 

k5-1 in Appendix 5, is the primary reference on which to base the Stage 1 and Stage 

2 decisions. 
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2.1.4.1 PPCD Step by Step Breakdown 

SteD 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 (FWP 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 R F m I  workplan is also reviewed to venfy 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. 

I 
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* Additional instrumentation may include: Piezobalances, Minirams, 
Laser Particle Counters, HNU, OVA and various portable radiation 

detection equipment and H&S equipment as deemed necessary by the 

Site H&S Coordinator. 

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

work plan is amended (with justifications) and approved. 

Step 2 

1 
t 

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, MSS, etc.) soil analytical data are reviewed. An OU may 

contain multiple MSS, 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 k 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 ?nder the supervision of the PM. The PM will 

then inspect the operation and make adjustments as deemed necessary. 
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Stage 1 or Stage 2 monitoring requirements are identified based on the 

evaluation in Step 2. The site-specific H&S coordinator and the subcontractor H&S 
liaison meet and review the PPCD monitoring plan. Other SOPS may be referenced 

as they are developed; however, the objective of the monitoring program must be 

fulfilled with supporting documentation located in either EG&Gs 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. PuB9 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 (Puus DAC/lO) 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. 

SteD 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, venfylng soil moisture content, monitoring 

I 
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' I  
wind speeds, and incorporating general control measures such as limiting vehicle 

speeds. The real-time monitoring data will venfy 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. 
I 

2.2 ExamDle 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 RF'P. 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). 

I 
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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 emittedhell drilled 

and kg of soil emittedhehicle 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 

DRAFT 



I 
Vehicle Traffic 

Emission (kg/VKT) = K (1.7) (412) (S/48) (W/2.7)'*' (w/4)05 (365-p)/365 

K = aerodynamic particle size multiplier (0.45) 
S = silt content of road surface material (%) 
S = mean vehicle speed (km/hr) 
W = mean vehicle weight (Mg) 

mean number of wheels . 

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

- W - 
= 

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. 

i 

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 RF'P 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. 

I 
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Table 2.3.1 
Phase I1 Listing of RFP Potential Contaminants 

with Established Slope Factors and Reference Concentrations 

Priscipal Costa=imasts (PCr) L.E.C.R HI 
Sope Factors 

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

Arsenic 
Barium 
Beryllium 
Cadmium 
Chromium I11 
Chromium VI 
Manganese 
Mercury 
Hexachlorocyclohexane (alpha) 
Hexachlorocyclohexane (beta) 
Heptachlor 
Heptachlor Epoxide 
Aldrin 
Dieldrin 
DDT 
Cblordane (alpha, gamma) 
Toxaphene 

Chloroform 
1,l.l -Tricbloroethane 
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 - Dichloropro pa n e 
1,1.2,2 -Tetrachloroethane 
2-Chloroethyl Etber 
1,4- Dichlorobenzene 
1.2 - Dichloroben zen e 
Nitrobenzene 
Hexachloroethane 
1,2,4 - Trichlorobenzene 
Hexachlorobutadiene 

’ 

(PCI) A -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 
4.90E - 11 
3.00E-09 
6.505- 10 

W d a v )  A -L 
S.OOE + 01 

4.10E+00 

6.30E+00 
1.80E + 00 
4.50E+00 
9.10E+00 
1.70E+ 01 
1.60E+00 
3.40E-01 
1.30E+00 
l.lOE + 00 

8.1OE -02 

1.30E -01 
3.00E-02 

2.00E -03 

9.10E-02 

1.20E+00 

1.30E -0 1 
5.70E-02 
3.90E-03 
1.80E-03 

2.00E-03 
2.90E - 02 
9.10E-02 
1.30E-01 
2.00E-01 
l.lOE+OO 

1.40E-02 

7.80E-02 

Inh. R C  
l J n & L u d  

Llu&!wl 

1.00E-03 

5.70E -06 
5.70E - 06 
1.14E-04 
8.60E -05 

3.00E + 00 

6.00E-01 
9.00E-01 
9.00E-02 
9.00E-01 

2.00E-02 
3.00E - 03 

1.00E+00 
6.00E-02 
6.00E-03 

5.OOE - 02 
3.00E-01 

2.00E -01 
4.00E-01 
6.00E-03 

3.00E-02 

2.00E-04 Hexachlorocyclopentadiene 
l.lOE-02 2.4,6 -Tr ichlorophenol 

Hexachlorobenzene . 1.60E+ 00 
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2.2.5 Soil Threshold Selection Process 

The 881 Hillside contaminants were identified using site-specific 

characterization data. The resulting compilation (Step III as shown in Figure 2)  is 

a site-specific identification of the principal contaminants for the purpose of 

implementing the PPCD. The Phase I11 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 111" 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 k 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. 

. 

I 
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TABLE 23.2 

Dichlorome thane 
2-Butanone (MEK) 
1,1,1- Trichloroethane 
Tetrachloroethene 
lY2-Dichloroethane 
Bromomethane 
Toluene 

Arsenic 
Barium 

Cadmium 
Beryllium 

Chromium (total) 
Manganese 
Mercury 

Uranium 233, 234 
Uranium 238 
Strontium 89,90 
Plutonium 239, 240 
Americium 241 
Cesium 137 
Tritium 
Radium 226 
Radium 228 
Uranium 235 

SOIL PRINCIPAL CONTAMINANTS 
OU1- 881 HILLSIDE AREA 

0.590 pg/g 0.047 pg/g 

0.110 pg/g 0.030 p u g  
0.190 &g 0.071 p u g  

0.006 pg/g 0.006 pdg 
0.025 Pg/g 0.015 p / g  

0.390 pglg 0.099 pg/g 

0.010 pg/g 0.009 pg/g 

24 Pdg 8.7 P d g  
,810 Pdg 120 P d g  

1.9 P d g  0.9 P d g  
6.6 Pdg 3.0 P d g  
28 P d g  12 P d g  

563 Pdg 191 P d g  
2-07 P d g  0.30 P d g  

. 1.7 pCi/g 0.96 pCi/g 
1.9 pci/g 0.89 pCi/g 
1.9 pci/g 0.25 pci/g 

0.91 pci/g 0.04 pci/g 
0.15 pCi/g 0.02 pci/g 
2.6 pCi/g 0.27 pCi/g 

0.73 pCi/g 0.16 pCi/g 
No data No data 
No data No data 
No data No data 
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TABLE 2 3 3  COMPARISON OF MEASURED SOIL CONCENTRATIONS TO THRESHOLD LEVELS 

Dichloromethane 
2-Butanone (MEK) 
1,1, 1-Trichloroethane 
Tetrachloroethene 
1,2-Dichloroethane 
Bromomethane 
Toluene 

Arsenic 
Barium 
Beryllium 
Cadmium 
Chromium (total) 
Manganese 
Mercury 

Uranium 233, 234 1.7 pCi/g 0.96 pcvg 

Strontium 89,90 1.9 pCi/g 0.25 pci/g 
Plutonium 239,240 0.91 pCi/g 0.04 pcvg 
Americium 241 - 0.15 pCvg 0.02 pcvg 

Uranium 238 1.9 pC4g 0.89 pCYg 

Cesium 137 2.6 pCilg 0.27 pWg 
Tritium 0.73 pWg 0.16 pWg 
Radium 226 No data No data 
Radium 228 No data No data 
Uranium 235 No data No data 

104,000 pcvg 

49,900,000 pcvg 
68,200 pcvg 

57,000,000 pcilg 
35,800,000,000 pcvg 

4900,000 pcvg 
112,000 pcvg 

116,000 pCilg 

69,900 pcilg 

932,000 pCVg 

NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 

2,670 Pug 
952,000 Pug 

15,900 Pug 
21,800 Pug 
5,430 Pug 

1w000 Pug 
81,900 Pug 

2,760 pCQg 
3,110 pCi/g 

1,330,000 pCi/g 
1,8m pCVg 
1,860 pcvg 

1,520,000 pCi/g 
955,000,000 pcvg 

24,800 pCi/g 
115,000 pWg 

2,980 pWg 



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 q e  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. 

I 

The IPPCD (Appendix 8) describes monitoring requirements and specifies 

occupational action levels. The DPPCD has been reviewed by EPNCDH and will act 

as the SOP until other procedures are developed. 

2.2.9 Documentation Requirements 

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

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

Monitoring Requirements will be structured in a manner similar to the action 
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checklist included in Attachment A.7-1 to Appendix 7. This checklist includes but is 

not limited to: 

Identification of potential dust generating activities; 

Determination of contaminant concentrations in the soil; 

Determination of Stage 1 or 2 work area and control measures 

required. 

Selection of windspeed and soil moisture thresholds; 

Selection of monitoring and sampling equipment; 

Calculation of action levels; and 

Placement of monitoring and sampling equipment. 

- Adherence to the specific SOP for well installation will supplement worker protection 

measures in the Site-Specific Health and Safety Plan. 

2.3 Administrative Procedure for the EG&G Proiect 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 
I I 

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/Organbtional Chart 

Environmental Management (EM) Deuartment 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. 

Proiect 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. 

Oualitv Assurance Promam Manager, (QAPM) 

The QAPM assures the development, implementation and execution of the 

QA program. 
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ODerable Unit Manager 

The Operable Unit Manager ensures that applicable Standard Operating 

Procedure and Standard Operating Procedure Addenda requirements are 

implemented during field operations. 

Qualitv Assurance Coordinator (QAC) 

The QAC coordinates QA Program activities, provides technical support in 

quality affecting activities, and maintains an inventdry of division SOPS and quality 

assurance documents. 
I 

I I 

I 

I 

I 

Air Programs ReDresentative 
I I 

I 

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 EnFonmental Restoration Department. The Air Programs 

Representative is responsible for operation of high-volume air samplers and 

meteorological ,monitors. 

I 

Environmental Restoration Health and Safetv 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 Heakth and Safety Officer is assigned to each Operable 
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Unit: and ensuring that adequate safety support and review procedures are 

established so that site personnel are not at risk while working at the site. 

2.3.2 Quality Assurance/Quality Control 

A Quality Assurance Plan Addendum is prepared for each project and is 

supplemental to the Site-Wide QA Project Plan. The assigned Quality Assurance 

Officer approves the plan and produces the project quality report. 

The QAO has the following additional responsibilities: 

Reviewing and tracking matters involving nonconformances and those 

requiring corrective action; 

Approving nonconformance and corrective action resolutions; 

Approving the Response Action Contractors QA plans arid 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. 
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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; 

Performhg surveillance activities of the work being performed; 

I Recommending corrective action on matters requiring corrective action 

r eso~ukon; 
~ 

Ensuring the ihuality records of the project are forwarded to the 

records file; 

I 
I 

I 
I 

I Reporting issues involving matters adverse to quality to the Rp 

Division Manager; 

I 
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 I 

Coordinating quality matters with the ER Department QAO. 

2.3.3 Records Management 

I 

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 
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management personnel and/or EM Department supervision will class$ records as 

to their retention status (i.e., lifetime/permanent records, nonpermanent records, and 

records with limited storage and retention requirements). 

Documents and records that relate in any way to the presence of hazardous 

substances, pollutants, or contaminants at the RFP, or to the implementation of the 

IAG, shall be classified as lifetime records to be retained for the life of ER activities, 

and at a minimum will be preserved for 10 years after termination of the IAG. This 
includes all documents identified as being in the possession of the DOE or its 

divisions, employees, agents, accountants, or contractors. After the minimum 10-year 

period, DOE shall not@ 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 

I I I 



kl.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 identlfylng 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 (Le., inhalation slope factors and/or reference concenkations), 

the constituent was carried on to a second list (List 11). The third step will conddnse 

List I1 by evaluating those constituents against operable unit-specific characterization 

data. The resulting compilation (List 111) 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. 

I 
I 

A.1.2 LIST I SELECTION I 

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

Rockv Flats Site-Wide Qualitv Assurance Project Plan for CERCLA RVFS 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 RF'P. 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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FIGURE A.l-1 ._ 

DEVELOPMENT OF PRINCIPAL CONTAMINANTS ~ 
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reviewing disposal records, and interviewing Rocky Flats personnel. These activities 

provided documentation for the DOE CERCLA program and for these EPA 

CERCLA preremedial activities: (1) Federal Facility Site Discovery and Identification 

Findings, (2) Preliminary Assessment, (3) Site Inspection, and (4) Hazard Ranking 

System evaluation. The findings were published in CEARP Phase I. Installation 

Assessment of Rockv 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. 
I 
I 

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 Al.1. 
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A13 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 Summarv 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 11 chemicals 

selected during the second phase of evaluation were those for which health risk 
information was verifiable in &a1 drafts of Health Effects Assessment documents 

(HEAs), Health and Environmental Effects Profiles (HEEPs), Health and 

Environmental Effects Documents (HEEDS), Health Assessment Documents 

(€€ADS), and Air Quality Criteria Documents (AQCDS).' 

1 

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 LAG 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. 

'Constituents &om List I that did not have published RfG 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 I1 constituent selection process focused on the inhalation exposure 
pathway and identifymg only those constituents for which accepted inhalation RfCs 

and unit risk factors were available. List 11, 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 I1 
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 I1 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 modlfylng factor may be applied to account for 

professional assessment of uncertainties of the study and database not explicitly 

addressed by uncertainty factors. A subchronic RfC is usually derived, for chemicals 

in which a chronic RfC has been determined. RfC values are also specific for the 

route of exposure (EPA, 1991). 
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The RfC is used as a reference point for gauging the potential effects of other 

exposures. Usually, exposures that are less than the RfC are not likely to be 

associated with health risks; however, a clear distinction that would categorize all 

exposures below the RfC as risk-free and all exposures in excess of the RfC as 
causing adverse effects cannot be made. In addition, RfC values, and particularly 

those with limitations in the quality or quantity of supporting data, are subject to 

change as additional information becomes available (EPA, 1991). 

' A.13.2 UNIT RISK FACTORS (SLOPE FACTORS) 
I 

I 

Quantitative carcinogenic risk assessments are performed for chemicals in 

I Groups A and B and on a case-by-case basis for chemicals 4 Group C, as defined 
I 

1 

below: 

Group A - 

Group B - 

Group C - 

Human Carcinogen (sufficient evidede of carcinogenicity in 
humans) 

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) 

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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k1.4 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 I1 against existing 

characterization data to identlfy positively detected contaminants that are then 

carried over to List 111. List 111 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 I1 constituents to List III. 

k1.4.1 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 11. 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 pglg (ppm) and 

radionuclides are expressed in pCi/g. 
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Dichloromethane 
2-Butanone 
1,1,l-Trichloroethane 
Tetrachloroethene 
1,ZDichloroethane 
Bromomethane 
Toluene 

TABLE A1-1 
PRINCIPAL CONTAMINANTS 
OU1- 881 HILLSIDE AREA 

Arsenic 
Barium 
Beryllium 
cadmium 

Manganese 
Mercurv 

chromium (total) 

Uranium 233,234 
Uranium 238 
Strontium 89,90 
Plutonium 239, 240 
Americium 241 
Cesium 137 
Tritium 
Radium 226 
Radium 228 
Uranium 235 

24 Pgk 
810 Pg/g 
1.9 Pgh3 
6-6 Pglg 
28 P d g  

563 Pg/g 
207 P d g  

1.9 pcvg 
1.9 p W g  

0.91 p w g  
0.15 p w g  
2.6 p W g  

0.73 pCi/g 
No data 
No data 
No data 

1.7 pCi/g 

0.047 pg/g 

0.030 pg/g 
0.071 pg/g 

0.006 pg/g 
0.015 pg/g 

0.099 pg/g 

0.009 pg/g 

8.7 Pg/g 
120 Pg/g 
0.9 P d g  
3.0 PgJg 
12 P d g  

191 Pg/g 
0.30 P u g  

0.96 pCi/g 
0.89 pCi/g 
0.25 pci/g 
0.04 pci/g 
0.02 p w g  
0.27 p W g  
0.16 p w g  

No data 
No data 
No data c 
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TABLE B1- ANALYTICAL METHODS, DETECTION LIMITS, AND DATA QUALITY OSJECTIVES 

__ Recpired Detection Limits - - -  SOIL SED Uater -- Soi I/Sed. cy sy - AnalVte ._ mthod 

IY)ICATa7S 

Total Suspended €PA 160.2' XU 10 mg/L NA 

Total Dissolved €PA 160.1' X' X' 5 mg/l YA _- 
Sol ids 

Sol ids 
F'A 150.1" X" X' 0.1 pH w i t s  0.1 pH units p" . 

Target Analyte List - Hetals 

Aluninun 
Antimony . 
Arsenic (CFAA) 
Eariun 
Beryl l iun 
Cachiun 

- Calciun 
Chrmiun 
Coba l t 
Copper 
Cyanide 

- 

.. 

- _  X - X - X' X' 

€PA CLP SOU' 
€PA CLP Sou' 
€PA CLP SOU' 
EPA CLP Sou' 
€PA CLP Sou' 
€PA CLP S w '  
€PA ClP S w '  
€PA CLP S o u '  
€PA CLP SOU' 
€PA CLP Sou' 
EPA 335.3 (modified for CLP)"' - 

- 
200 lIg/L' 
60 
10 
200 
5 
5 -  
5000 
10 
50 
25 
5 

._ 

50 mg/Ks' 
12 
2 -  

7 0  - 
1 .o 
1 .o 
2000 
2.0 
10 - 

- 5.0 
10 

I_ 

Precision Accuracy 
abiective Obiective 

2OxRW' 80-120X LCS 

20xRpD' 80-120X LCS 

YA 20.05 pH units 

Recovery 

Recovery 

UAlER/SOIL UATER/SOIL 

** e.. 



TABLE 61 ANALYTICAL METHODS, DETECTION LIMITS, AND DATA QUALITY OBJECTIVES 

Analyte Method 

Target Ana ly te  L i s t  - 
He ta l s  (cont inued) 

I roo 
Lead (CFAA) 
Hagnes iun 
Manganese 
Hercury (C'JAA) 
H icke l  
Pot ass i UTI 
Se len iun  ( G F A A )  
S i l v e r  
S o d i u n  
T h a l l i u n  ( G F A A )  
Vanad i un 
Zinc 

Other Meta ls  . 

MolyMenun 
Cesiun . 
S t r o n t  i un 

Tin 
- L i t h i u n  

Other Inorgan ics  

Percent Sol ids 
S u l f i d e  

- 

€PA CLP Sw 
EPA CLP S o u '  
€PA CLP S o u '  
€PA CLP S o u '  
€PA CLP S o u '  
€PA CLP Sou'  
€PA CLP S o u '  
€PA CLP S o u '  
€PA CLP Sou' 
€PA CLP Sw 
€PA CLP Sw 
€PA CLP Sou' 
€PA CLP S o u '  

- sv 42! 
XU X' 

XU X' 

€FA CLP SObf (ICAP) 
EVA CLP S& 
€PA CLP SObf 
€PA CLP S& 
€PA CLP SObf 

€PA 160.3' 
€PA 376.1. 

sol L 

X 

- 

X 

X 
X 

R e w i r e d  D e t e c t i o n  L i m i t s  - SED ~a ier  

X 

100 ug/L' 
3 
5000 
1s 
0.2 
40 
5000 
5 
10 
SO00 
10 
so 
20 

X 

. 8 W/L'  
1000 
200 
100 
200 

X MA 
X ' WA 

S o i l / S d .  

20 mg/Kg' 
1 .o 
2000 
3 . 0  
0.2 
8.0 
2000 
1 .o 
2.0 
2000 
2 .0  
10 
4.0 

20 mg/Kg' 
200 
40 
20 
20 

10 mg 
6 w / 9  

P r e c i s i o n  Accuracy 
o b i e c t i v e  miective 

UAlER/SOIL UATER/SOIL 

.. ... 

UATER/SOIL UAlER/SOIL 

t. ... 

WA YA 
Same as metals Same as metals 



TABLE 61. ANALYTICAL METHODS, DETECTION LIMITS, AND DATA QUALITY OSJECTlVES 

Analyte 

AN IONS 

Carbonate 
Bicarbonate 
Chloride 
Sul fa te 
N i t r a t e  as N 
F luor ide 

O i l  and Grease 

*Total Petroleun 
Hydrocarbons 

Target Conpound L i s t  - 
v o l a t i  les  

Chloranethane 
Bromme t hane 
Viny l  Chloride 
Chloroethane 
Methylene Chlor ide 
Acetone 
Carbon D i s u l f i d e  
1.1-Oichloroethene 

sv Method - 

€PA 310.1' X U  
€PA 310.1' XU 
€PA 325.2" XU 
€PA 375-4' X" 

€PA 340.2' XU 

€PA 413.2" XU 

€PA 353.2' or 353.3' Xu 

€PA 418.1" 

€PA CLP Sou' Xu 

€PA CLP Sou' 
€PA CLP Sw 
€PA CLP Sw 
€PA CLP Sou' 
€PA CLP Sou' 
€PA CLP Sou' 
€PA CLP Sw 
EPA CLP Sw 

cu - 

X U  
XU 
X" 
XU 
XU 
XU 

-_ 

XU 

Required Detect ion l i m i t s  
SOIL SED Water Soi l/Sed. - -  

10 mg/L NA 
10 W/L NA 
5 mg/L NA 
5 mg/L NA 
1 q / L  NA 
5 mg/L NA 

5 mg/L NA 

X X NA '  10 W/Kg 

X X- - 

10 ug/L 
10 
10 
10 
5 
10 
5 
5 

10 10 ug/Kg (Lou)' 

10 
10 
5 -- 
l o  
5 
5- 

Precision Accuracy 
Obiective m i e c t i v e  

Uater/Soi l  Uater/Soi l  

Same as metals Same as metals 

WATER/SOIL UATER/SOIL 



TABLE B1. ANALUICAL METHODS, DETECTION LIMITS, AND DATA QUALITY OBJECTiVES 

AMlyte 

Target Carpound List - 
Volatiles (continued) 

1.1-Oichororethane 
total 1,2-0ichloroethene 
Chloroform 
1,2-Oichloroethane 
2-Butanone 
l,l,l-Trichoroethane 
Carbon Tetrachloride 
Vinyl Acetate 
Bromodichlorcmethane 
1,2-0ichloropropane 
cis-1,3-0ichloropropne 
lrichloroethene 
Oibromochloromethane 
1,1,2-Trichloroethane 
Benzene 
trans-1,2-Oichloropropene 
Ilrcmoform 
4-Methyl-2-pentanone 
2-Hexanone 
Tetrachloroethene 
Toluene 
1,1,2,2-Tetrachoroethane 
Chlorobenzene 
Ethyl Benzene 
Styrene 
Total Xylenes 

Hethd 

EPA CLP Sou' 
EPA CLP Sou' 
EPA CLP Sw 
EPA CLP Sou' 
EPA CLP Sou' 
€PA CLP S U f  
EPA CLP S U f  
EPA CLP SW 
€PA CLP SCd 
EPA CLP Sou' 
€PA CLP S o u '  
EPA CLP Sou '  
EPA CLP Sou' 
EPA CLP Sou' 
EPA CLP Sou' 
EPA CLP Sou' 
EPA CLP SOW 
EPA CLP S o u '  
EPA CLP Sou' 
EPA CLP Sou' 
EPA CLP Sou' 
EPA CLP Sou '  
EPA CLP Sou' 
EPA CLP Sou' 
EPA CLP Sou' 
EPA CLP Sou' 

Required Detection Limits Precisian Accuracy 
SOIL SED Uater Obiective obiective Soi I/Sed. - -  cu - su 

XU XU X X UATER/SOIL 

- 
UAlER/SOIL 

5 W/L 
5 
5 
1 
10 
5 
5 
10 
5 
5 
5 
5 
5 
5 
5 
5 
5 
10 
10 
5 
5 
5 
5 
5 
5 
5 

5 ug/Kg((ou)' .. 
5 
5 
5 
10 
5 
5 
10 
5 
5 
5 
5 
5 
5 
5 
5 
5 
10 
10 
5 
5 
5 
5 
5 
5 
5 

.a. 



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

h l y t e  

Target Conpound List - 
Semi-Volatiles 

Recyired Detection Limits Precision Accuracy 
Method - N - OJ - -  SOIL SED Water Soi I /Sed. miective obiective 

XU X X UATER/SOIL YATER/SOIL 

Phenol 
bis(2-Ch1oroethyl)ether 
2 -Ch 1 orophenol 
1,3-OichLorobenzene 
1,C-Oichlorobenrene 
Benzyl Alcohol 
1,2-0ichlorobenrene 
2-methyl phenol 
bis(2-Chlaroisopropy1)ether 
6-Methylphenol 
N-Nitroso-Oipropylaine 
Hexachloroethane 
Nitrobenzene 
lsophorone 
2-Ni trophenol 
2,C-Oimethytphenol 
Benzoic Acid 
bis(2-Choroethoxy)methane 
2, C -0 i ch Lorophenol 
1,Z.C-rrichlorobenzene 
Naphthalene 
C-Chloroanal ine 
Hexachlorobutadiene 
4-Chloro-3-methylphenol 
2-Methylnaphthalene 

EPA CLP Sou' 
€PA CLP Sou' 
€PA CLP Sou' 
€PA CLP Sou' 
€PA CLP Sou' 
EPA CLP Sou' 
EPA CLP Sou' 
€PA CLP Sou '  
EPA CLP Sou' 
€PA CLP Sou' 
EPA CLP Sou' 
EPA CLP Sou' 
EPA CLP Sou' 
€PA CLP Sou' 
EPA CLP Sou' 
€PA CLP S C U  
EPA CLP S W '  
EPA CLP Sou' 
EPA CLP Sou' 
EPA CLP Sau' 
EPA CLP Sou' 
EPA CLP Sou' 
EPA CLP Sou' 
EPA CLP Sou' 
€PA CLP Sou' 

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

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



TABLE 61. ANALYTICAL METHODS, DETECTION LIMITS, AND DATA QUALJTY OBJECTIVES 

UATER/SOIL UAlER/SOIL 

ktalyte 

Target Compound List - 
Semi -vel at i les (cont inwd) 

Hexachlorocyclopentadi ene 
2,4,6-lrichlorophenoI 
2,4,5-Trichlorophenol 
2-Chloronaphthalene 
2-Nitroanaline 
Dimethylphthalate 
Acenaphthylene 
2,6-Dinitrotoluene 
3-Nitroaniline 
Acenaphthene 
2.4-Dinitrophenol 
4-Nitrophenol 
Dibenzofuran 
2.4-Oinitrotoluene 
Diethylphthalate 
4-Chlorophenol Phenyl ether 
Fluorene 
4-Nitroanaline 
C,6-0initro-Z-methylphenol 
N-nitrosdiphenylamine 
4-Branophenyl Phenyl ether 
Hexachlorobenzene 
Pentachlorophenol 
Phenanthrene 

I 

SOIL SED - -  Gu - su Method - 
XU X X 

€PA CLP S o u '  
€PA CLP S o u '  
€PA CLP S o u '  
€PA CLP Sou' 
€PA CLP Sou' 
€PA CLP Sov '  
€PA CLP Sou' 
EPA CLP S o u '  
EPA CLP Sou' 
€PA CLP Sou' 
€PA CLP S O V  
€PA CLP Sbu'  
€PA CLP Sou '  
EPA CLP Sou' 
EPA CLP S o u '  
€PA CLP Sou '  
EPA CLP Sou' 
€PA CLP Sou' 
€PA CLP S o u '  
€PA CLP Sou' 
€PA CLP S o u '  
EPA CLP S O U  
€PA CLP Sou' 
€PA CLP S o u '  

Rewired Detection Limits Precisian Accuracy 
Soi I/Sed. Obiective objective water 

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

330 330 ug/Kg' 

1600 
330 
1600 
330 
330 
330 
1600 
330 
1600 
1600 
330 
330 
330 
330 
330 
1600 
1600 
330 
330 
330 
1600 
330 



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

hlv-te 
- 

Target Carpound List - 
Semi-Volatiles (continued) 

Anthracene 
Oi-n-butylphthalate 
Fluoranthene 
Pyrene 
Butyl Benzylphthalate 
3.3' -0 ichlorobenr idine 
Eenzo(a)anthracene 
Chrysene 
bis(2-ethylhexyl)phthalate 
Oi-n-octyl Phthalate 
Eenzo(b)fluoranthene 
Eenzo(k)fluoranthene 
Eenzo(a)pyrene 
Indeno(l,2,3-cd)pyrene 
Dibenz(a,h)anthracene 
Eenro(g,h, ilperylene 

Target Comporrnd List - 
Pesticides/PCBs 

- 
alpha- EHC 
beta-EHC 
de l t a- BHC 
gamM-EHC (Lindane) 
Heptachlor 

SOIL SED - -  Gu - N - Method 

XU X X 

EPA CLP Sou' 
€PA CLP S o u '  
EPA CLP S& 
€PA CLP Sou' 
EPA CLP Sou' 
EPA CLP SW 
EPA CLP S W  
EPA CLP Sov' 
EPA CLP SOU' 
EPA CLP Sov '  
EPA CLP S o u '  
EPA CLP Sou' 
EPA CLP Sou' 
EPA CLP Sou' 
EPA CLP Sou' 
EPA CLP SW 

XU X X 

EPA CLP Sou' 
€PA CLP Sm 
EPA CLP Sou' 
€PA CLP Sou' 
€PA CLP Sou' 

Rewired Detection Limits 
W t e r  

10 W / L  
10 
10 
10 
10 
20 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 

0.05 ug/L 
0.0s 
0.05 
0.0s 
0.0s 

soi I / S e d .  

330 ug/Kg' 
330 
330 
330 
330 
660 
330 
330 
330 
330 
330 
330 
330 
330 
330 
330 

8.0 ug/Kg' 
8.0 
8.0 

8.0 
8.0 

Precis ion Accuracy 
Obiective Objective 

UATER/SOIL UATER/SOIL 

UATER/SOIL UATER/SOIL 
( X  Recovery) (XRPO) .. ... 
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- TABLE 61. ANAL 

m 

TTlCA 

I r n  

METHODS, ETECTION LIMITS, AND DkTA QUALITY OBJECTIVES 

halvte 

Target Conpoud List - 
Pesticides/PCBs (continued) 

Aldrin 
Heptachlor Epoxide 
Endosulfan I 
0 i eldr in 
4,4' -0OE 
Endrin 
Endosulfan I I  

Endosulfan Sulfate 

Methoxych 1 or 
Endrin Ketone 
alpha-Chlordane 
gamna-Chlordane 
Toxaphene 
AROCLOR-1016 

-- AROCLOR-1221 
AROCLOR-1232 
AROCLOR-1242 
AROCLOR-1248 
AROCLOR-1256 
AROCLOR-1260 

4 . 4  ' -000 

.4,4 ' - 00 T .  

EPA CLP Sou' 
EPA CLP S o u '  
EPA CLP S O U  
€PA CLP Sou' 
EPA CLP Sou' 
EPA CLP S w '  
EPA CLP S o u '  
EPA CLP S o u '  
EPA CLP S o u '  
EPA CLP Sou' 
EPA CLP Sou' 
EPA CLP Sou' 
EPA CLP Sou' 
EPA CLP S o u '  
EPA CLP Sou' 
EPA CLP Sou' 
EPA CLP Sou' 
EPA CLP Sou' 
€PA CLP Sou' 
€PA CLP Sou' 
EPA CLP S o u '  
EPA CLP Sou' 

Required Detection Limits Precision Accuracy 
Uater Soi L/Sed. Objective obiective 

UAlER/SOIL UATER/SOIL 

0.0s ug/L 
0.0s 
0.0s 
0.13 
0.10 
0.10 
0.10 
0.10 
0.10 
0.10 
0.5 
0.10 
0.5 
0.5 
1 .o 
0.5 
0.5 
0.5 
0.5 
0.5 
1 .o 
1.0 

8.0 ug/Kg' tt 

8.0 
8.0 
16.0 
16.0 
16.0 
16.0 
16.0 
16.0 
16.0 
80.0 
16.0 
80.0 
80.0 
160.0 
80.0 
80.0 
80.0 
80.0 
80.0 
160.0 
160.0 



TABLE 91. ANALYTICAL METHODS, DETECTION LIMITS,'AND DATA QUALITY OSJECTlVES 

su - . AnaLyte Met hod 

RADIOWUCLIDES 

Gross Alpha 
Gross Beta 
U r a n i u n  

233+234 
Uraniun 235,238 
Americiun 241 
Plutoniun 239+2LO 
T r i t i u n  
Stront iun 8 9 , 9 0  
Stronr iun 90 only  
Cesiun 137 
Radiun 226 
Radiun 228 

. . . .  

f ,h, i,m,n 
P.4 
0,P 
f,9,h,m 
f,h,i,m 
f ,h, i , m  
m 
f -9. h 
f,g,h,m 

f,g,h,i,k,l,m,n X"" 
f,g,h,i,k,l,m,n X"" 
f.h.1.m.n X' ." 

x' ." 
x' ." 
X U  

x' ." 

x' ." 

." 

.u 

N Analyte Method - 
FIELD P M T E R S  

PH 1 X 

Specif ic Conductaoce 1 X 

Gy - 

X' 
X' 
X'  

X I  
X' 
X' 
XU 

X' 
X' 
X' 
X' 

cu - 

X 

X 

Teqerature 

0 i ssol  ved Oxygen 

X X 

X 

SOIL - 

X 
X 
X 

X 
X 
X 
X 
X 

X 

SOIL - 

SED - 

X 
X 
X 

X 
X 
X 
X 
X 

X 

SED - 

Prec is ion  . Accuracy R e q u i r e d  Detect ion L i m i t s  
Yater So i I /Sed- o b j e c t i v e  obiect ive 

(Rep1 i c a t e  (Laboratory 
Analyses) Control S a q l e )  

et .e. 2 pci /L  4 p c i h  
2 pCi/L 10 pci /9 
0.6 pci/L 0 . 3  p c i / g  

0.6 pCi/L 
0;Ol pc i /L  
0.01 pCi/L 
LOO pci/L 

1 pci/L 
1 pCi/L 
0.5 p c i / L  
1 pCi/L 

NA 

0.3 pCi/g 
0.02 p c i / g  
0.03 pCi/g 

1 p c i / g  

0.5 p c i / g  
0.5 p c i h  

400 w i / L  

NA 0.1 p c i / g  

f 0.1 p~ wit 

2.5 urho/cm' 
25 urho/cm' 
250 urho/cm' 

f 0.1-c 

f 0.1 mg/L 

Accuracy 

f 0 . 2  pH w i t s  

2 2.5% mar. e r r o r  a t  500, 5000, 
50000 unhos/cm p lus  probe; 
f 3.0% mar e r r o r  at 250, 2500, 
and 25000 p lus  probe accuracy of 
f 2.0%. * 1.0"C 
2 10% 



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

** P r e c i s i o n  o b j e c t i v e  = c o n t r o l  l i m i t s  s p e c i f i e d  in referecced method and/or Data V a l i d a t i o n  Guidel ines.  
*** Accuracy o b j e c t i v e  = c o n t r o l  l i m i t s  s p e c i f i e d  in referenced method ( in  GRRASP f o r  rad ionucl ides) .  
F = F i l t e r e d  
U = U n f i l t e r e d  
1. Measured in the f i e l d  in accordance u i th  inst runent  manufacturer 's i ns t ruc t i ons .  
2. M e d i u n  so i l /sediment  required d e t e c t i o n  l i m i t s  f o r  pesticide/PCE TCL conpoclnds a re  15 times the i n d i v i d u a l  Lou soi l /sediment required d e t e c t i o n  

l i m i t .  
3.  Detec t i on  l i m i t s  l i s t e d  f o r  so i l /sediment  are based on wet weight. 

ca l cu la ted  on dry weight bas i s  as required by the con t rac t ,  w i l l  be higher .  
4. Higher d e t e c t i o n  l i m i t s  may on ly  be used in the f o l l o w i n g  c i r cumtance :  I f  the s a q l e  concentrat ion exceeds f i v e  times the  d e t e c t i o n  l i m i t  of  the 

i ns t runen t  or method in use, the value may be reported even though the  inst runent  or method d e t e c t i o n  L i m i t  may n o t  q u a l  the required de tec t i on  
l i m i t .  This i s  i l l u s t r a t e d  in the exarrple belou: 

For samples c o l l e c t e d  from IHSSs 102 and 105 on ly  [HHOl,EHO2,HH03,EH04,HHO~,EHO6,EH07,EHO8 (HU33),BHO9,HH15,EH16,EHl7,HHl8,MUOl,HUO2,HUO3,HU33 
(EH08)l. 

The inst runents t o  be used are s p e c i f i e d  in  Sect ion 12. 

The d e t e c t i o n  l i m i t s  ca l cu la ted  by the l abo ra to ry  f o r  soi l /sediment,  

- 

For lead: 

Method in  use - ICP 
lns t runen t  De tec t i on  L i m i t  (IDL) - 40 
Sample Concentrat ion - 220 
Required De tec t i on  L i m i t  (RDL) - 3 

The va lue o f  220 m y  be repor ted even though the i n s t r w n t  d e t e c t i o n  l i m i t  i s  greater  than the RDL. 

Note: The s p e c i f i e d  d e t e c t i o n  l i m i t s  a re  based on a pure ua te r  ma t r i x .  The d e t e c t i o n  l i m i t s  f o r  samples may be considerably  h ighe r  depending on 
the  sanple matr ix .  

5. I f  gross alpha > 5 pCi/L, analyze f o r  Radiun 226; i f  Radiun 226 > 3 pCi/L, analyze f o r  Radiuu 228. 
6. The d e t e c t i o n  l i m i t s  presented were c a l c u l a t e d  us ing  the fo rnu la  in N.R.C. Regulatory Guide 4.14, Appendix Louer L i m i t  o f  Detect ion,  pg- 21, and 

f o l l o u :  

4.66 (EKG/EKG OUR ) I t 1  4.66 (HKG/Sanple OUR)'" 

LLD = Lower L i m i t  of Detec t i on  in pCi per s q l e  unit. 
EKG = I n s t r w n t  Background in counts per minute (CPM). 
E f f  = Counting e f f i c i e n c y  in cpn /d i s in teg ra t i on  per minute (dpn). 

SR = F rac t i ona l  radiochemical  y i e l d  of a knoun so lu t i on .  
A* = The r a d i o a c t i v e  decay constant f o r  the p a r t i c u l a r  rad ionucl ide.  
t = The elapsed t ime betueen sample c o l l e c t i o n  and counting. 
A l i q  = Sample volune. 
EKC OUR = Background count d u r a t i o n  in minutes. 

- CR = F rac t i ona l  radiochemical y i e l d .  

MOA = M i n i m  Detectable A c t i v i t y  in pCi per 

EKG = same as fo r  LLD 
E f f  = same as f o r  LLD 
CR = same as fo r  LLD 
SR = same as for  LLD 
A = same as f o r  LLD 
t = same as f o r  LLD 
A l i q  = same as f o r  LLD 
S q l e  OUR = sanple count d u r a t i o n  in minutes 

sample unit 



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

7. 
8. 
9. 
a. 

b. 

C. 

d. 
e. 
f. 

9 -  

h. 

1. 
i. 
k. 
1. 

m. 
n. 

0 .  

P. 
9. 
r. 

On 500 h o / c m  range. 
On 5000 h o / c m  range. 
On SO000 urho/cm range. 
U.S. E n v i r o m t a l  Protect ion Agency Contract Laboratory Program Statement of Uork for Inorganics Analysis, Multi-Media, Multi-Concentration, 7/88 
(or  latest version). 
U.S. Environnental Protection Agency Contract laboratory Program Statement of Work for lnorganics Analysis, Multi-Media, Multi-Concentration, 7/88, 
( o r  latest version). 
U.S. Envirormental Protection Agency Contract Laboratory Program Statement of Uork for Organic Analysis, Multi-Media, Multi-Cocuentration, 2/88 
(or  latest version). 
Methods are from "Methods for Chemical Analysis of Uater and Wastes," U.S. Environnental Protection Agency, 1983, unless otheruise indicated. 
Methods are fran "Test Methods for Evaluation of Solid Waste, PhysicaI/Chemical Methods," (SU-846, 3rd Ed.), U.S. Envirormental Protection Agency. 
U.S. Envirormental Protection Agency, 1979, Radiochqnical Analytical Procedures for Analysis of Environnental S q l e s ,  Report NO. EMSL-LY-0539-1, 
Las Vegas, NV, U.S. Environnentat Protection Agency. 
American Public Health Association, American Water Works Association, Water Pollution Control Federation, 1985. Standard Methods for the 
Examination of Water and Wasteuater, 16th ed., Uashinqton, O.C., Am. Public Health Association. 
U.S. Environnental Protection Agency, 1976. Interim Radiochemical Methodology for Drinking Uater, Report No. EPA-600/4-75-008. Cincinnati U.S. 
Environnental Protection Agency. 
Harley, J.H., ed., 1975, HASL Procedures Manual, HASL-300; Uashington, O.C., U.S. Energy Research and Developnent Administration. 
US EPA-600/4-82-057. 
"Handbook of Analytical Procedures," USAEC, Grand Junction lab. 1970, page 196. 
"Prescribed Procedures f o r  Measurement of  Radioactivity in Drinking Water,'o EPA-600/4-80-032, August 1980, Environnental Monitoring and Support 
Laboratory, Office of Research and Developnent, U.S. Environnental Protection Agency, Cincinnati, Ohio 
"Methods for Determination of Radioactive Srhstances in Water and Fluvial Sediments," U.S.C.S.  Book 5, Chapter AS, 1977. 
"Acid Dissolution Method for the Analysis of Plutoniun in Soil," EPA-600/7-79-081, March 1979, U.S. EPA Environnental Monitoring and Support 
Laboratory, Las Vegas, Nevada, 1979. 
"Procedures f o r  the Isolation of Alpha Spectranerrically Pure Plutoniun, Uraniun, and Americiun," by E.H. Essington and E . J .  O r e m ,  Los ALamos 
National Laboratory, a private c m i c a t i o n .  
*oIsolation of Americiun fran U r i n e  Sanples,'@ Rocky Flats Plant, Health, Safety, and Enviromntal Laboratories. 
"Radioactivity in Drinking Uater,'@ EPA 570/9-81-002. 
I f  the swple or duplicate resut is CS x IDL, then the control limit i s  f IDL. 

The specific method t o  be utilized is at the laboratory's discretion provided i t  meets the specified detection limit. 

45268. 
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Attachment A.l.2 

List 11 - Potential Principal Contaminants 



PRINCIPAL CONTAMINANTS - METALS/lNORGANlCs 

AnreIlk 
BBTlum 
BBylllum 
Cadmlum 
Chomlum 111 
Chomlum VI 
Manganese 
MBffiuy 

PRINCIPAL CONTAMINANTS - RADlONUQlDES 

uranium a33 +Po 
Uranlum PS 
Uranlum 236 
Amtrlclum 241 
Plutonium Pg + 240 
mttum (gas) 
Sbontlum 88 + &J 
Stronttum 80 
Ceslum 137 
Radlum Z Z ~  
Radtum ;ra8 

PRINCIPAL CONTAMINANTS - VOLATILE ORWNICS 

IfUommUon 
SaWCO 

b 
b 
b 
b 
b 
b 
b 
b 
b 
b 
e 

PRINCIPAL CONTAMINANTS - SEMNOIATLE OffiANlCS 

IfUommUon 
SwrrcS 

bls(2-chloroqetm 
1,4-DIchlofobenzene 
1,2-DIchlorobemene 
Nttrobmzsne 
Hmmchlom8tlmne 
1,2,4-TrlchIorotmmm 
H mmch1ombuWle ne 

InhaWon 
0 - 1  

2.70E-08 
250E-08 
240E-08 
4.00E-08 
4.10E-08 
7BOE-14 
29oE-12 ' 

5.6OE-11 
S.00E-10 
8.10E-m 
18oE-08 

a - IntagW8eR16)( lntormatton System 
b - Health Efbcts Assessment Summary TaEles 



I 

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. 

A.3.4 REFERENCES 

Turner, D.B., 1967. Workbook of AtmosDheric DisDersion Estimates, Public Health 
Service, Publication 999-Ap-26, Cincinnati, Ohio: Robert A. Taft Sanitaq 
Engineering Center. 

I 

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



I 8  
Wind Rose f o r  RFP - 1990 
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8 ROCKY FLATS METEOROLOGICAL MONITORING STATION 
60 METER TOWER 

JANUARY 1, 1990 - DECEMBER 31, 1990 

1 WIND FREQUENCY DISTRIBUTION BY PERCENT - STABILITY CLASS A 

NNE 
NE 1 ENE 
E 
ESE 

SSE 

wsw 
W 8 m  Nw 

NNW 
ALL 

<3.0 

5.2 
7.3 
8.7 
7.0 
14.2 
7.6 
7.4 
3.7 
2.9 
1.7 
.4 
.9 
.6 
.9 

1.6 
2.3 

72.5 

--e- 

10 METER LEVEL 

WIND SPEED CLASSES (KNOTS) 
3.0- 6.0- 10.0- 16.0- 
<6.0 <10.0 C16.0 C21.0 121.0 

2.1 .o .o .o .o  
3.7 .o .o .o .o  
3.8 .o .o .o .o  
3.8 .o .o .o .o  
5.8 .o .o .o .o 

---- ---- ---- ---- ---- 

3.5 
2.1 
.6 
.6 
-0 
.4 
.o 
.1 
.1 
.4 
.5 

27.5 

.o 

.o 

.o 

.o 

.o 

.o 

.o 

.o 

.o  

.o  

.o 

.o 

.o 

.o 

.o 

.o 

.o 

.o 

.o 

.o 

.o 

.o 

.o 

.o 

.o 

.o  

.o 

.o 

.o 

.o 

.o 

.o 

.o 

.o  

.o  

.o 

.o 

.o  

.o  

.o  

.o  

.o  

. o  

.o  

.o 

.o  

.o  

.o  

CLASS* 

7.34 
11.01 
12.54 
10.86 
20.03 
11.01 
9.48 
4.28 
3.52 
1.68 
.76 
.92 
.76 

1.07 
1.99 
2.75 

00.00 

----- 

CALMS ARE DISTRIBUTED AS PER NCDC STAR DECK PROCEDURES 

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

TOTAL** 

.33 

.49 

.56 

.48 

.89 

.49 

.42 

.19 ' 

.16 

.07 

.03 

.04 

.03 

.05 

.09 

.12 
4.43 

----- 

TOTAL NUMBER OF INVALID OBSERVATIONS IN THIS STABILITY CLASS = 1 I TOTAL NUMBER OF VALID OBSERVATIONS IN THIS STABILITY CLASS = 811 



1 
I 

ROCKY FLATS METEOROLOGICAL MONITORING STATION 
60 METER TOWER 

JANUARY 1, 1990 - DECEMBER 31, 1990 

1 WIND FREQUENCY DISTRIBUTION BY PERCENT - STABILITY CLASS B 
10 METER LEVEL R 

N 

I 
ENE 
E 1 ESE 

, ' SE 
SSE I. ESW 
sw 
wsw 
WNW 

c w  
Nw 
NNW 
ALL 

<3.0 

1.5 
2.8 
3.2 
3.8 
4.0 
4.3 
2.9 
.5 

1.7 
1.0 
.5 
.7  
.7 
.7 
.5 
.7 

29.6 

WIND SPEED CLASSES (KNOTS) 
3.0- 6.0- 10.0- 16.0- 
<6.0 C10.0 <16.0 C21.0 121.0 CLASS* 

3.9 .2 .o .o .o 5.62 
5.7 .5 .o .o .o 8.89 
12.0 .o .o .o  . O  15.24 
9.3 .o .o .o . O  13.13 
15.9 .o .o .o . O  19.92 
10.9 .2 .o .o . O  15.46 
3.6 .2 .o .o .o 6.79 
2.3 .o .o .o .o  2.81 
.7 .2 .o .o .o 2.57 

1.1 .o .o .o .o 2.11 
.2 .2 .o .o .o .93 
.o .o .o .o .o .70 
.o .2 .o .o .o .93 
.2 .5 .o .o .o 1.39 
.7 .o .o .o .o 1.17 

1.1 .5 .o .o .o 2.33 
.o 100.00 

---- ---- ---- ---- ---- ----- 

67.6 2.7 .o . o  

TOTAL* * 
.14 
.21 
.37 
.32 
.48 
.37 
.16 
.07 
.06 
.05 
.02 
.02 
.02 
.03 
.03 

. e06 
2.41 

----- 

I CALMS ARE DISTRIBUTED AS PER NCDC STAR DECK PROCEDURES 

* TOTAL PERCENT FOR THIS STABILITY CLASS 1 ** 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 = 441 

I I 

1 



ROCKY FLATS METEOROLOGICAL MONITORING STATION 
60 METER TOWER 

1, 1990 - DECEMBER 31, 1990 
/ 

JANUARY 

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

N 

1 E" 
ENE 
E 
ESE 
SE 
SSE I s  ssw 
sw 
wsw 

B w  
WNW 
Nw p NNW 
ALL 

<3.0 

.8 
1.6 
1.4 
2.1 
2.1 
1.7 
2.1 
1.2 
.6 
.6 
.1 
. 4  
.2 
.6 
.9 
.9 

17.2 

---- 
WIND SPEED CLASSES (KNOTS) 

3.0- 6.0- 10.0- 16.0- 
<6.0 C10.0 <16.0 <21.0 221.0 

4.0 . 6  .o . o  .o 
9.0 .7 .o .o .o 
10.4 .7 .o .o .o 
9.1 .3 .o .o .o 
13.3 _. 3 .o .o .o 
10.3 .4 .1 .o .o 
8.7 .4. .1 .o .o  
3.0 .2 .o .o .o  
2.1 .2 .o .o .o  
.9 .3 .o .o .o 
.6 .3 .o .o .o 
.3 .3 . o  .o .o  
.6 .3 .o .o .o  
.5 .1 .1 .o .o  

1.7 .7 . o  .o .o  
2.0 .3 .o .o .o  

76.4 6.1 .3 .o .o 

---- ---- ---- ---- ---- CLASS* 

5.43 
11.32 
12.48 
11.51 
15.70 
12.57 
11.32 
4.28 
2.85 
1.78 
.97 
.89 

1.15 
1.25 
3.28 
3.20 

100.00 

----- 

CALMS ARE DISTRIBUTED AS PER NCDC STAR DECK PROCEDURES 
\ 

* TOTAL PERCENT FOR THIS STABILITY CLASS 1 ** TOTAL PERCENT RELATIVE TO ALL STABILITY CLASSES 

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

6.29 

----- 

I I 



ROCKY FLATS METEOROLOGICAL MONITORING 'STATION 
60 METER TOWER 

JANUARY 1, 1990 - DECEMBER 31, 1990 

I 
I, WIND FREQUENCY' DISTRIBUTION BY PERCENT - STABILITY CLASS D 

sw ! 
wsw ' 

B w  
WNW 
NW 9 NNW _. 

ALL 

10 METER LEVEL 

WIND SPEED CLASSES (KNOTS) 
3.0- 6.0- 10.0- 16.0- 

c3.0 ~ 6 . 0  ~10.0 c16.0 c21.0 221.0 

.6 2.6 4.1 2.4 .4 .4 

.7 3.0 3.5 1.5 .1 .o 

---- ---- ---- ---- ---- ---- 

1 .5 2.5 2.0 .5 .o .o ' .5 1.4 1.0 .1 .o .o  

.4 ,3 .I3 4.9 1.0 .o .o 
O 5  I 

= 4  * 

.2 , .5 .5 1.4 .6 .4 

.5 1.9 .9 .o .o .o  

.4 2.2 2.5 .2 .o .o  

2.6 3.4 .9 .1 .o  
1.6 1.4 .8 .1 .o  

.3 1 e '0 .8 .4 .1 .o  

.2 .6 .7 .6 .2 .o 

.4 . 4  .6 2.4 1.6 2.2 

.2 .6 1.2 4.4 2.7 2.4 

.4 1.1 1.7 3.5 1.0 .3 

.3 1.4 2.6 1.7 .2 .o 
6.6 26.6 31.9 21.9 7.0 5.9 

1 

CLASS* 

10.41 
8.71 
5.55 
3.11 
3.42 
5.23 
9.53 
7.59 
4.35 
2.58 
2.40 
3.57 
7.68 
11.53 
8.05 
6.30 

100.00 

----- TOTAL* * 
6.91 
5.78 
3.68 
2.06 
2.27 
3.47 
6.33 
5.04 
2.89 
1.71 
1.60 
2.37 
5.10 
7.66 
5.34 
4.18 
66.40 

----- 

CALMS ARE DISTRIBUTED AS PER NCDC STAR DECK PROCEDURES 

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

1 TOTAL NUMBER OF INVALID OBSERVATIONS IN THIS STABILITY CLASS = 14 
TOTAL NUMBER OF VALID OBSERVATIONS IN THIS STABILITY CLASS = 12154 

b 
I 
I 



ROCKY FLATS METEOROLOGICAL MONITORING STATION 
60 METER TOWER 

JANUARY 1, 1990 - DECEMBER 31, 1990 

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

WIND 
DIRECTION --------- 

N 
NNE 
NE 
ENE 
E 
ESE 
SE 
SSE 
S 
ssw 
sw 
wsw 
W 
WNW 
Nw 
NNW 
ALL 

C3.0 

.8 
1.0 
.7 
.8 

1.1 
.4 
.4 
.8 

1.1 
.5 
.8 
.8 
.9 
.9 
.9 

1.2 
13.1 

---- 

WIND SPEED CLASSES (KNOTS) 
3.0- 6.0- 10.0- 16.0- 
<6.0 C10.0 C16.0 <21.0 121.0 

2.5 4.6 
3.5 3.5 
3.0 1.5 
2.1 . 6  
1.1 .3 
1.4 1.2 
2.5 1.9 
1.8 2.5 
2.1 3.7 
1.2 3.3 
1.4 5.0 
1.7 5.8 
2.0 4.2 
2.0 4.5 
2.4 5.8 
2.5 5.4 
33.2 53.8 

.o 

.o 

.o 

.o 

.o 

.o 

.o 

.o 

.o 

.o  

.o  

.o  

. o  

.o 

.o 

.o 

.o 

.o  

.o 

.o 

.o 

.o 

.o 

.o 

.o 

.o  

.o  

.o 

.o 

.o 

.o 

.o 

.o 

.o 

.o 

.o 

.o 

.o 

.o 

.o 

.o 

.o 

.o 

.o 

.o 

.o 

.o 

.o  

.o 

.o 

.o 

CLASS* 

7.81 
7.90 
5.21 
3.59 
2.56 
2.91 
4.85 
5.13 
6.96 
4.94 
7.22 
8.22 
7.02 
7.51 
9.15 
9.01 

100.00 

----- TOTAL* * 
1.16 
1.17 
.77 
.53 
.38 
.43 
.72 
.76 

1.03 
.73 

1.07 
1.22 
1.04 
1.11 
1.35 
1.33 
14.79 

1 CALMS ARE DISTRIBUTED AS PER NCDC STAR DECK PROCEDURES 
8 ** TOTAL PERCENT RELATIVE TO ALL STABILITY CLASSES 

* TOTAL PERCENT FOR THIS STABILITY CLASS 

1' TOTAL NUMBER OF INVALID OBSERVATIONS IN THIS STABILITY CLASS = 

I 
2 

TOTAL NUMBER OF VALID OBSERVATIONS IN THIS STABILITY CLASS = 2708 

a 

I 



I ROCKY FLATS METEOROLOGICAL MONITORING STATION 

' I  60 METER TOWER 

JANUARY 1, 1990 - DECEMBER 31, 1990 

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

ENE 
E 
ESE 
SE 
SSE 

I L W  
sw 

Ir FW 
WNW 
Nw 1 NNW 
ALL 

.4 

.3 

.6 

.4 

.2 

.2 

.3 
1.3 
1.0 
1.0 
.8 

1.2 
1.5 
1.9 
1.5 

13.3 
I 07 

WIND SPEED CLASSES (KNOTS) 
3.0- 6.0- 10.0- 16,.0- 
<6.0 C10.0 <16.0 <21.0 121.0 CLASS* 

6.8 .o .o .o .o 7.20 
2.1 .o .o .o .o 2.33 
1.8 .o 1 .o 

.o .o 2.43 
1.0 .o .o .o .o 1.38 

. 5  .o .o .o .o .74 

.3 .o  -0 .o .o  .53 
3.4 .o  .o !O .o  3.70 

.o .o  8.68 
4.6 .o  
7.7 .o .o 
6.4 .o .o 10 .o 7.41 
8.6 .o .o .o .o 9.42 
8.8 .o .o .O 10.05 

.o 11.22 .o 9.7 .o .o 

.O 11.85 9.9 .o .o .o 
7.7 .o .o .o .o 9.21 
7.3 .o .o .o 00 . 7.94 

86.7 .o .o .o .o 100.00 

---- ---- ---- ---- ---- ----- 

' .o .o  5.93 
O 0  I 

* O  I 

TOTAL** 

.38 

.12 

.13 

.07 

.04 

.03 

.20 

.32 

.46 

.39 

.50 

.54 

.60 

.63 

.49 

.42 
5.33 

----- 

CALMS ARE DISTRIBUTED AS PER NCDC STAR DECK PROCEDURES It 
* TOTAL PERCENT FOR THIS STABILITY CLASS 
** TOTAL PERCENT RELATIVE TO ALL STABILITY CLASSES 

TOTAL NUMBER OF INVALID OBSERVATIONS IN THIS STABILITY CLASS = 1 ' TOTAL NUMBER OF VALID OBSERVATIONS IN THIS STABILITY CLASS = 975 

I 

I '  I 
I 



ROCKY FLATS METEOROLOGICAL MONITORING STATION 
60 METER TOWER 

JANUARY 1, 1990 - DECEMBER 31, 1990 

WIND FREQUENCY DISTRIBUTION BY PERCENT - STABILITY CLASS ALL 

N 

I ::E 

‘I :sw 

Y w  

ENE 
E 
ESE 
SE 
SSE 

sw 
wsw 
WNW 
Nw 

ALL 

.8 
1.1 
1.1 
1.0 
1.4 
.9 
.9 
.8 
.7 
.5 
. 3  
.4 
.5 
.5 
.7 
.6 

12.1 

10 METER LEVEL 

WIND SPEED CLASSES (KNOTS) 
3.0- 6.0- 10.0- 16.0- 
<6.0 <10.0 C16.0 <21.0 221.0 

2.9 3.4 1.6 .2 
3.5 2.9 1.0 .o  
3.3 1.6 .3 .o  
2.3 .8 .1 .o  
3.0 .7 .o .o  
2.7 1.9 .1 .o 
3.5 3.6 .6 .o 
2.5 2.6 .6 .1 
2.0 1.5 .5 .1 
1.2 1.0 .3 .1 
1.2 1.2 .4 .1 
1.1 1.2 1.0 .4 
1.1 1.1 1.6 1.1 
1.3 1.5 3.0 1.8 
1.6 2.1 2.3 .7 
1.9 2.6 1.1 .1 

35.0 29.7 14.6 4.7 

.2 

.o 

.o 

. o  

.o 

.o 

.o 

.o 

.o 

.o 

.o 

.3 
1.5 
1.6 
.2 
.o  

3.9 

CLASS* 

9.29 
8.52 
6.31 
4.20 
5.06 
5.60 
8.57 
6.66 
4.79 
3.09 
3.29 
4.25 
6.89 
9.59 
7.54 
6.34 

100.00 

----- TOTAL** 

9.25 
. 8.49 
6.29 
4.19 
5.04 . 
5.58 
8.54 
6.64 
4.78 
3.08 
3.28 
4.24 
6.87 
9.56 
7.51 
6.32 

99.64 

----- 

4 CALMS ARE DISTRIBUTED AS PER NCDC STAR DECK PROCEDURES 

1 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% 

I I 
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ATTACHMENT A 3 3  
ZONE A CALCULATIONS 



DESCRIPTION Tbeequationfor hdc  &ill ing~edicQ embriom o n a  p u  bole b u .  = variablesrequting input 

Far Reapiable F ins  e =lSum 
EHE(t@ole) = 0.25 (nue 1) 

MT. Total Msu of Soil Removed 
VOC Total ( note 2) 

Variable Unit P a a m e t a  

D.Dcptb d Hde m 
DI, Diameter of Hole m 
DT. Bult Dmrityof Soil MglmA3 
T,TotalPeriod of Hole Drilling h 

=P================ ==PP= ======P 

0.42 
0.42 

Embslom at Sourcc  (note 3) 

Pn t icdata Emiwiom from Soluce L e d e  2.SOE-01 
6.948 -09 
6.948-03 Radionuclide Embsion Rate(note 4) PCb 

VOQ Embsion Rate 1.18E-OS 

e Nm-Radionuclide (solids) Emiuion Rate 

N& 1: Reference Memorandum from TomTntinic,Public Health Engineer. on FugitivePatticutate Embaiom. lug 2. 

N u e  2:VOCs arc auumed to be completelyvolatilized and emitted dving tbb activity. 
Note 3 Contaminant emission r a t a  are based on tbe auumed initial contaminant conccntratiom in tbesoil. 
Note 4: Radionuclda are assumed to be dbtributed only and bomogeniolsly in the top6 lncb layu ofsoll. 

1984. Tkougb Colorado Department of Healtb, A t  Pollution Conrol Division. 

T w n m  X/Q 
Contaminant Dbpasirn 
Variable Unit Plrametu R e m a t  ----- -------- --.-- ._I.. ...-... -------- 
Q1,Emmion Rate - Non-Radionuclids ph". 6.948-09 RweptU @ 
Q2. Emiuion Rate - Radionuclida pCJa:. 6.948-03 1.64 tm 
OX Emirri~n h t e  - VOO &OC. 1.18E-OS - .  " 

3.14 . . . . . . . . . . . . . . . . . . . . . . Pi 
Sigma y q law Datability 
Sigma z m law Datability 
Wind apeed 
Contaminant Conemhatiom at Pencdine 
Nm-Radionuclidea mglm .. 3 9.958 -11 

mb a: 

Radionuclida pCumA3 9.958-08 
voe  mdm-3 1.698-07 I 
Initial Concentrations of Contammants in Soib at Source 

Radionuclids (pCUP, 1.00E+00 
Nm-Radb ( u g l g a  ppm) l.OOE+OO 
VOO ( q / g  a ppm) 1.00E+00 

T a g d  Tbrabold  Rbk 1.00E-06 
TR@ T k a b o l d  Harad l n d a  0.1 



60-31 
21 -36 
11 -39 
11 -31 
01 -36 
01 -82 
01 -a1 
11 -38 
11 -az 
ZI -az 
z1-31 
ZI -a€ 
11 -as 
01 -81 
60 -31 
11 -38 
ZI -3z 
11 -az 
01 -a1 
11 - 3 L  

.- 

80 -a8 
80-39 
90-91 
90-21 
60-3L 

E l  -as 
€1 -a9 
€1 -az 
E l  -38 
ZI -a8 
zr -at 
z1 -az 
E1 -36 
ZI -BE 
ZI -az 
ZI -Sf 
21 -ao 
11 -az 

- 

E1 -39 
ZI -3f 
01 - 3 9  
PI -3s 
SI -3E  
L I  -3L  
I 1  -3, 
11 -3E  
11 -3z 
I 1  -3z 
11 -3z 



I 
I 
I 
I 
I 
1 
I 
I 
I 
I 
I 
I 
1 
I 
I 
I 
I 
I 
I 

Radionuelidea 
uraniumZ338i234 
uranium 235 
Uraniump8 
Amtricium 241 
Plutonium z39 a 240 
Tritium (gas). 
Strontium 89 
Strontium 90 
Ccsium 137 
Radium 226 
Radium 228 
Nca-Radionuelidea 
Arscaic 
Barium 
Beryllium 
Cadmium 
chromium I11 
chromiumw 
MfUlglUltst 
Mercury 
Hewchlarocyclohexane (alpha) 
Hexachlarocyclohexane @eta) 
Heptachlor 
Heptachlor Eprxide 
Aldrin 
Dieldrin 
DDT 
Chladane (alpha, ernma) 
Toxaphene 

1,1,1 -Trichloroethane 
Carbon Tetrachloride 
Bemne 
Toluene 
Dichloromethane 

MEK 
lf -Dichlorcethane 
Bromomethane 
Carbon Disulfide 
1,l -Dichlorcethene 
1,l-Dichlorotthane 
Vinyl Acetate 
1,3-Dichloroppene ' 

1,1,2-Trichloroethane 
Bromofam 
Tetrachlarwthene 
Chlorobenzene 
Ethylbenzene 
Styrene 
Vinyl Chlaide 
If-Dichloroethane 
12-Dichlomppane 
1 , 1 , 2 , 2 - T e t r d l ~ k e  
2-Chlor0ethyl Ether 
1,4-Dichlorobenzene 
12-Dichlorobenzene 
Nitrobenzem 
Hexachlaroethane 
1,2,4-Trichlorobcwne . 
Hexachlmbutadkne 
Hexachlorocyclopentadiene 
2,4,6-Trichlorophend 

XJllCnts 

!!& 
1.47E+07 

8.36E+04 
&36E+04 
1.67E+06 
126Et06 

!&!K 

259E+07 

1.73E+05 . 
259E+04 

8.65Ei-06 
5.19E+05 
5.19E+04 

Hexachlmbe&ne 7.56E+02 

I 



Fm R s p i a b l e  F i n s  < =lOum, K = 0.45 
E H R t g N  rrr) = K( 1.7)(dlZ)(S/48)(WfZ.7) A .7( w/4) e .y( 365 -p)/36S) (note 1) 

Variable 

6. 911 Content 
S. MeanVehicle Speed 
W, Mean Vehicle Weight 
w, Mean Numba of Wheeb , 

P. Daya with P r a .  > =O.Z54mm 
T. Dvarion of Activity 
D. Total Vehicle Distance Ravelled 

P=PP==EPIPI==P===P 

VOCTotal(note2) 0.W 

- I Emiuiom at Source: (note 3) 

Particdata Emirriom from Source k L m  9.d8E--01 

VOQ Embrion Rate 

2.63E -01 
2.63E-01 

Ncn-Radionuelide (solids) Embrion Rate &k 
Radionuclide Embrion Rate(note4) P C b  

O.OOE +00 

N a e  1: Reference Memorandum from Tom Tbtinic. Publ i  Health Enginea. on Fugitive Particulate Embriom. Jug 2, 

Note 2 V o c I  e m h r h r  are auumd to be nCgligble for thh activity. 
N a e  3:Contaminwt emmbnrata  arc based OJ the euumed initial contaminant conmira tbra  in thaoil. 
Note 4: Radionuclides are rsrumd to be dbtributed only and homogenbrsly in the top6 inch layu ofroil. 

1984. Though Colorado Department of Health, A i  Pollution Conaol Diviabn. 
- 

- 

- - 
Contaminant Dbpaaion 
Variable Unit P a a m c t u  R e m a t  ------------------ ----- ------- -------- 
01,Emhrbn Rate - Non-Radionuelids %a. 2.638-07 R s e p t m  @ 
Q2. Emhrion Rate - Radionuclides pcikec. 2.638-01 1.64 tm 
Q3, ~ O I I  RNO - V O O  &!tee. O.OOE+OO 
Pi - 
Sigma g m hi Drtabilit] 
Sigma I __ m h r  Drtabilit] 
Wind speed mL cc 
Conlamiaant C o n e m h a t i a s  at Peaedins 

Radionuclids 

Initial Consenhatiom of Conmminantr in Soib at Source 

3.14 - 

Non -Radionuclide mglmA3 3.77E-09 
pCUm A 3 177E-06 - 

- v o a  m d m A 3  0.00E +00 

Radionuclids (pCUB, l.OOE+OO 
l.OOE+OO 

VOQ (* Q p) l.OOE+OO 
- Nan-Radb ( ~ g l g o r  ppm) 

T a g r t  l t rsboM RbY 1.008 -06 
T a g &  TlraboM H a v d  l n d a  0.1 



a m = = -  

'eticlc Traffic - Ligbt(l0 VKT/Day) - Zome A 
DeelRisk  Estimate8 - Radiommclida 

Variable Unit Parameter 

Intake Rate m A 3 / b  
Intake Duration hrlday 
E x p u r e  Paiod Days 
Frad. Leeward Wind Fador 

[ntakeConceatration pCVm A 3 3.778- 06 
IntakelExposure Period pCi 3.30E- 02 

------------ ------- - - - _ _ _ _ _ _ _ _ -  ----- _ - _ _ _ _ -  

L w x L E L E  

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

9E- 10 
8E- 10 
8E- 10 
1E-09 
1E-09 
3E- IS 
1E- 13 
2E- 12 
2E- 12 
1E- 10 
2E- 11 

D e e / R i s k  Est i ra ta  - Nom-Radiommclida 

Variable Unit Parameta 

Intake Rate m"31br 
Intake Duration hrlday 
Exposure Period Days 
Frad. Leeward Wind Fador 

===========5 ===I= ======= 

IntakeConcentration mg/m -3 3.778-09 
IntakelExposure Period mg 3.30E-OS 
Carcinogen Dose Rate mg/lrg/day 1.85E- 11 

2.59E- 10 Non-Carc. Dose Rate mgRglday 

lmiu3LE 

Arsenic 
Beryllium 
Cadmium 
Chromium VI 
a- Hexachlorocyclohexane 
B- Hexachlorocyclohexane 
Heptachlor 
Hephchlor Epoxide 
Aldrin 
Dieldrin 
DDT 
Chlordane (alpha, gamma) 
Toxaphene 

d O.otie.1 

Bsium 
Chromium I11 
Chromium VI 
Manganese 
Mercury 

9E- 10 
2E- 10 
1E- 10 
8E-11 
1E- 10 
3E- 11 
8E- 11 
2E- 10 
3E- 10 
3E- 11 
6E- 12 
2E-11 
2E- 1 I 

3E- 07 
SE-OS 
SE-OS 
2E- 06 
3E- 06 

Dore/Risk Estirata - VOCI 

Variable Unit Paiameta 

Intake Rate A 3Ibr 
[ntake Duration hrlday 
Exposure Period 
Fraet. Leeward Wind Fador 

fntaheConcentration mglm "3 O.00E + 00 
[ntake/Exposure Period mg O.00E + 00 
Carcinogen Dose Rate mglkglday O.OOE + 00 
Non-Carc. Dose Rate m m d a y  O.OOE + 00 

===========s ===== ======= 

Days 

iimLlx& 

Chlordorm 
Carbon Tetrachloride 
Benzene 
Dichloromethane 
1.2- Dichluoethane 
1.1- Dichluoethene 
1.3- Dichluopropene 
1.1.2-Trichloroet hane 
Bromdorm 
Tetrachlcmethene 
Styrene 
Vinyl Chloride 
1.2- Dichluoethane 
1,2- Dichluopropane 
1,1,2,2- Tdrachlorod hane 
2-Chlaoethyl Ether 
Hexachlorethane 
Hexachlorohutadiene 
2,4,6- Trichlorophenol 
Hexachlorobenzene 

OE+OO 
OE+OO 
OE+OO 
OE + 00 
OE+OO 
OE+OO 
OE+OO 
OE+OO 
OE + 00 
OE+OO 
OE+OO 
OE+OO 
OE+OO 
OE+OO 
OE+OO 
OE+OO 
OE+OO 
OE+OO 
OE+OO 
OE+00 

1,l.l- Trichloroet hane OE + 00 
Toluene OE+OO 
Dichloromel hane OE+OO 
Xylenes OE+OO 
MEK OE+OO 
Bromomet hane OE+OO 
Carbon Disulfide OE+OO 
1,l- Dichluoethane OE + 00 
Vinyl Acetate OE + 00 
If- Dichluopropene OE + 00 
Chlorobenzene OE+OO 
W hylbenzene OE+OO 
1.4- Dichluobenzene OE+OO 
1,2- Dichluobenzene OE+OO 
Nitrobenzene OE+W 
1.2.4- Trichlorobenzene OE+OC 
Hexachlorocyclopent adiene OE+OC 



I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
1 
I 
I 
I 
I 

Zadionuclidw 
Jranium 233 &234 
LlraniumPS 
uranium 238 
4mtricium 241 
Plutonium 239 w 240 
rritium(gas).* 
Strontium 89 
Strontium 90 
2 i u m  137 
bdium 226 
Xadium 228 
N m  -Redionuclidw 
b m i c  
Barium 
Bergilium 
3dmium 
=hromium 111 
zhromiumvl 

Mmury 
MlUlgant& I 
Hexachlcrocyclohexane (alpha) 
Hexachlamcyclohexane (beta) 

I 

I 
Heptachlor 
Heptachlor Ejxxide 
Aldrin 
Dieldrin 
DDT 
Qllcrdane (alpha, gamma) 
roxaphene 
VOQ & Semi-VOCs 
moroform 
1,1,1 -Trichlorcethane 
Carbon Tetrachlaide 
Bemne 
roiwne 
Dichlommethane 
XJllCllts 
MEK 
1.2-Dichloroethane 
Bromomethane 
Carbon Disulfide 
1,l -Dichloroethene 
1,l-Dichlorccthane 
Vinyl Acetate 
1.3-Dichlmppene 
1,1.2-Trichlomthane 
Bromofum 
retrachloroethene 
Chlorobenzene 
Etlylbenzene 
Styrene 
Vinyl Chlaide 
1.2-Dichlmthane 
12-Dichlomppane 
1,1,2,2-Ttt~chlmthant 
Z-ChlOathyt Ether 
1,4-Dichlombenzene 
1.2-Dichlombenzene 
Nitrobenzene 
Hexachloroethane 
1,2,4-Trichlorobcnztne 
Hexachlmbutadiene 
Hexachlcrocyclopentadiene 
2,4,6-Trichlorophend 

I 

I 

I 

PQL 
l.l2E+03 

8.59E+03 
3.01EM 
1U)E-W 
5.95E+03 
3.18E+03 
13388+04 
159E+05 
14.16E+04 

, 4.92E+04 

NIA 
NIA 
NIA 
NIA ' NIA 
N/A 
NIA 
NIA 
NIA 
NIA 
NIA 
N/A 
NIA 
NIA 
NIA 

a NIA 
NIA 
N/A 
NIA 
NIA 
NIA 
NIA 
NIA 
N/A 
NIA 
NIA 
NIA . 
NIA 
NIA 
N/A 
NIA 
NIA 
NIA 

& 
287E+05 

2U)E+03 

4.41B+04 
232E+04 

2u)E,+03 

!!JdK 
N/A 
NIA 
NIA 
NIA I 
NIA 
NIA 
N/A 
NIA 
NIA 
NIA 
NIA 
NIA 
N/A 
NIA 
NIA 
NIA 
NIA 
NIA 
N/A 
NIA 
NIA 
NIA ' 
NIA 
NIA 
N/A 
NIA 
NIA 
NIA 
NIA 
NIA 
W A  
NIA 
NIA 
NIA 

I 

Hexachlmbe&ne NIA NIA 
I I 

1 

I 

! 

I i I .  

i I  
' I  

I 

I 
I 

! 
I 



1 -  
T u n m  WQ 
Contaminant Dbpmicm 
Variable Unit P a a m e t a  R e m a t  

Q1,Emhion Rate - Non-Radionuclide 
QZ, Emmion Rate - Radiormclida pcihof. 2.63&+00 1.64 tm 
Q3, Emuam Rate - V O a  ghee. O.WE + 00 
Pi 3.14 
Sigma y m brs Dttability 
Sigma a m lars Dstability 
Wind speed mb of 
Contaminant Concenaatiom at Penceline 

------------------ --_-- ------- ------*-I. 

2.638-06 Rofeptm @ Bh of. 

Nm-Radionuclide mglm A 3 3.77E-08 
Radionuclide pCim ^ 3 3.77E-OS 
voa malm"3 0.00E+00 

...................... ...................... . . . . . . . . . . . . . . . . . .  . . . . . . . . . . .  .............................. :::.!;: ::::::E variables requting input DESCRIPTION Theequationfa vehicle traffic Fedicts cmbsiors b e d o n s i l t  comrnt, meanvehiclespeed, 
weight and numba of wbeeb, and the n u m b s  of d a p  witb FaipLation > = .254mm. 

Pcr R e p t a b l e  F ine  < =lOum. K = 0.45 
EHYtgNKT) = R(1.7)(s/lZXS/48)(Wn.7)̂ .7(~/4) A.x(36S-p)/36S) (note 1) 

Variable Unit P a a m e t a  

t.Wr Content 94 
S, MeanVcbkle Speed t m b r  
W, MeanVebiclc Weight Mg 
w, Mean Numba ofWbeeb 
P, W p  witb Pra. > =O.Z54mm 
T, Dvation of Activity h 
D,TotalVehicle Distance Travelled t m  

VOCTotal(note2) 0.00 

P==== ===E==== c*=== ==IL== ==cPP=P 

Bmhrlom at Source  (note 3) 

P o t i d a m  Emissiom from Source k f l m  9.48E-01 
2.63E -06 
2.638+00 

VOQ Embsbn Rate 0.00E+00 

Nm-Radionuclide (soli&) E m h b n  Rate Bh 
Radionuclide Embsion Rate(notc4) PCh 

NUe 1: R d u m c e  Memorandum from~TomTbtinic.Public Health Engineer. on FugitivePaniculate Emi tbrs .  July 2. 

Nue2:VOCI cmbrianrareassumed tobenegligablefor thbactivity. 
N u e  3: Contaminant embrionrata are bared on the assumed initial contaminant conmuatbra in thesoil. 
N u e  4 RadionucSdu are m s u m d  to be dbtributed only and homogmiolsly in tbe top 6 inch laya ofsoil. 

1984. Tlrough Colorado Depanmrnt of Health. A t  Pollution Control Diviaion. 

T a l &  ' I lxabold Rut 1.00E-06 
Tag& 'Ilxabold H a r a d  I n d a  0.1 

. 



relicle Traff ic  - Hcavy(100 VKT/Day) - ZomeA 
D m e I R b k  Estimates - Radiommclides 

Variable u n a  Parameter ~ _ _ _ _ _ _ _ _ _ _ _  ------------ ----- ----- ------- ------- 
, Intake Rate m A 3 / k  
Intake Duration hrlday 

Frad. Leeward Wind Factor 
Exposure Paiod Days 

IntakeConcentration mg/m "3 3.778-08 
IntakJExposure Peribd mg 3.30E- 04 
Carcinogen Dose Rate mgllrglday 1.85E- 10 
Non-Carc. Dose Rate mglkgtday 2.59E - 09 

Variable Unit Parameter 

Intake Rate mA3/h: 
Intake Duration hr/day 

Fract. Leeward Wind Factor 

IntakeConcentration pCVm 3 3.17E-05 
IntakJExposure Period pCi 3.30E-01 

----------_- ----- ------- ------------ -_-_-  ---__--  

E x p u r e  Period Days 

l3mLLGR 

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

9E-09 
8E-09 
8E- 09 
1E-08 
1E-08 
3E- 14 
1E- 12 
2E- 11 
2E- 11 
1E-04 
2E- IC 

I- 
Arsenic 
Bayllium 
Cadmium 
Chromium VI 
a- Hexachlorocyclohexane 
B- Hexachlorocyclohexane 
Hepachlor 
Hepachlor Epoxide -- 
Aldrin - 

Dieldrin 
DDT 
Chlordane (alpha, gamma) 
Toxa pben e 

9E-09 
2E-09 
IE-09 
8E- IO 
1E-09 
3E- 10 
8E- IO 
ZE- 09 
3E- 09 
3E- 10 
6E- 11 
ZE- 10 
2E- IO 

I- I 
Barium 
Chromium 111 
Chromium VI 
Manganese 
Mercury 

3E- 06 
5E-04 
SE-04 
2E-05 
3E-05 

D a c / R b k  Estimates - VOCI 4 

Variable u n a  Parameter 

ntake Rate mA3/h 
ntake Duration hrlday 
Exposure Paiod Days 
b a d .  Leeward Wind Factor 

ntakeConcentration mg/m ^3 O.OOE+OO 
ntakelExposure Period mg O.OOE+OO 
Carcinogen Dose Rate mgllrglday O.OOE t 00 
Non - Carc. Dose Rat e mg/lg/day OBOE + 00 

===========s ===== ======= 

i3mLEGA 

Z hlordorm 
Earbon Telrachbride 
Benzene 
Dichloromet hane 
42- Dichluoethane 
l,1- Dichluoethene 
I f -  Dichluopropene 
l,1,2- Trichloroelhane 
Bromdorm 
retr ac Mor oet h e= 
Styrene 
Vinyl Chloride 
1.2- Dichlaroethane 
I ,2- Dic hluopr opa n e 
1.1,2,2- Tetrachlorod hane 
2-Chloroetbyl Ether -- 
Hexachlorethane 
Hexachlorobut adiene 
2,4,6- Trichlorophenol 
Hexachlorobenzene 

0.0- 

- 

OE+OO 
OE+OO 
OE+OO 
OEtOO 
OE+OO 
OE+OO 
OE+OO 
OE+OO 
OE+OO 
OE+OO 
OE+OO 
OE+OO 
OE+M 
OE+OO 
OE+OO 
OE + 00 
OE + 00 
OE+OO 
OE+OO 
OEtOO 

l,l,l-Trichloroel hane OE+OO 
Toluene OE+OO 
Dicbloromet bane OE+OO 

OEt00 Xylene 
MEK OE+OO 
Bromomet h a n t  OE+OO 
Carbon-Disulfide ' OE+OO 
1,l- Dichluoethane OE+OO 
Vinyl Acetate OE+OO 
1,3- Dichluopropene OE+OO 
Chlorobenzene - OE + 00 
Et hylbenzene OE+OO 
1,4- Dichluobenzene OE+OO 
1,2- Dichluobenzene OE+OO 

1.2.4- Trichlorobenzene OEtOO 
Hexachlorocyclopent adiene OE+OO 

__ 
~ 

Nitrobenzene OEtOO 



I 
I 
1 
I 
I 
I 
I, I 

i 

Radionuelidea 
uranium 233 & ,234 
uranium23s 
uranium 238 
Amtricium 241 
Plutonium 239 8t 240 
Tritium (p)' 
strontium 89 
Strontium 90 
Ccsium 137 
Radium Z26 
Radium 228 
Nan -Radionuelidea 
Amtnic 
Barium 
Beryllium 
cadmium 
chrofnium I11 
ChromiUmvI 
-F= 
M a l a y  
Hexachlcrocyclohexane (alpha) 
Hexachlarocyclohexane (beta) 
Heptachlor 
Heptachlor E p i d e  
Aldrin 
Dieldrin 
DDT 
Chlcrdane (alpha, gamma) 
Toxaphene 
VOQ 8t Semi-VOCs 
chloroform 
1,1,1 -Wchloroethane 
Carbon Tetrachlaide 
Benzene 
Toluene 
Dichloromethane 

IUEK 
1.2-Dichloroethane 
Bromomethane 
Carbon Disulfide 
1,l -Dichloroethene 
1,l -Dichloroethane 
Vinyl Acetate 
1,3-Dichloroppene 
lJ.2-Trichloroethane 
Bromofam 
Tetrachlmthene 
chlorobcnane 
Ethylbenzene 
Styrene 
Vinyl Chlaide 
1.2-Dichloroethane 
12-Dichloroppane 

XJllCnCE 

1,1,2,2-T~ttachlorott~ 
2-Chlo~t~thyl Ether 
1,4-Dichlorobenzene 
12-Dichlorobenzene 
Nitrobenzene 
Hexachlanethane 
1,2,4-Trichlwobcnane 
Hexachlmbutadiene 
Hexachlcrocyclopentadiene 
2,4,6-Trichlorophend 

Shk 
1.l2EiU2 
121EiU2 
1.26EiU2 
757EtO1 
7.38EtOl 
3.88EUIl 
1.04EM6 
5.40Ei-04 
6.18Ei-04 
1.01E+03 
4.66E+03 

1.08EiU2 

6.44Bi-02 
8.87EiU2 

l.?L?E+03 

* 

859E+02 
3.01 E +03 
1BE+03 
5.95EiU2 
3.18EiU2 
3.38E+03 
159E+04 
4.16E+03 
4.92E+03 

ll%g 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
N/A 
NIA 
NIA 
NIA 

!!&k 
3.87E+04 

2U)E+02 
2U)EtUZ 
4.41 E t O 3  
3.32E+03 

%!fi 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 

Hexachlmbenkne NIA NIA 

I I 



DESCRIPTION: 

Unit P a a m u a  R e m a t  ----- ------- --------I .  

1.06E-10 Rseptm @ 0s. 
@et. 1.6SE-04 

pcihec. 1.32E-OS 1.64 Lm 

3.14 
m C h i  Dotability 
m Class Ditability 

mbs 4.1 

mgIm-3 1.52E-12 
pCiJm-3 1.89E -10 

Fcr Ropiable Fino < =lSum. K = 0.48 
EHE(kg/Mg) = rr(O.ooos)((dS)(U/2.q(Hn.s)M(Mlz) -2(Y/4.6)^.33] (note 1) I 
Variable 

1. Slt  Concent 
U. Mean Wind Speed 
H, mop Height 
M. Moisture Cmtent 
Y. Bucket Capacity 
T, Dwation of Activity 
D. Dcptb of Excavation 
V, Volume of Excavation 
DT. BUR DanityofSoil 
MT.Tota1 Mau ofSoiWit 
VOCTotal(nae2) 
Auummg one pit cornfructcd p u  day fa five 
y m  give a total numbu of pin equal to: 

E m i u i w  at Source: (note 3) 

= = = = = = e = = = = = =  ===== 

Tbe equation for bat& &op operations predicn embion factas baed on particle size, 
silt content. windapeed, h o p  heigbt. mobture content, and dumpmgdevicccapacity. 

T m n m  X/Q 
Contaminant D n p m i m  
Variable 

Q1, Embion Rate - Non-Radionuclide 
Qf Embion Rate - Radionuclida 

Pi 
Sigma y 
Sigma z 
Windspeed 
Contaminant fhnemiratiom at Pcncdine 
Nm-Radionuclide 
Radionuclide 
VOO malm A 3 2.ME -06 I 
Initial Concenmationa d Contaminants in Soib at Source 

----- -------- ----- 
Q3, Emitrion Rate - VOOI 

= variablarequiing input 

Radionuclide (pCig) 1.WE+00 
1.00E+00 Nm-Rad’s (ugfgor ppm) 

V O a  (n& a ppm) l.WE+00 

Paticdim Emit r im from Source kF#W 6.44E-04 
1.06E-10 
1.32E -OS 

Nm-Radionuclide (soli&) Embion Rate 

1.658-04 V O O  Emision Rate 

e 
Radionuclide Embsion Rate(note 4) P C b  

T a g c t  T t r a b o l d  Rit 1.00E-06 
0.1 Note 1: Reference Memorandum from TomTiatink.Publii Healtb Engineer. on FugitivePaniculate Embsiom, Ju4 Z Tala Tbrabold H-d I n d a  

1984. Tbrougb Colorado Department of Healtb.AiPollution Control Division. 
N a e  2 V o c S  are auumed to be completelyvolatilizcd and emitted t o m  tbesoil during this activity. 
Note 3:Contarninant emiuionrata are based on the mourned initial contaminant concentratiorn in theroil. 
N a e  4: Radionuclida are msumd to be dbtributed only and bomogrnbtnly in the top 6 inch layer ofsoil. 



BATCH DROP C A L C U L A T I O N  - TEST PITS - 
Dcae/Rhk Estimates - Radiommclida 

Variable Unit Para meter 

Intake Rate  mA3/hr 
Intake Duration hrlday 

Fract. Leeward Wind Fador 

----------- ----- -______  ----------- ----- ------- 

E x p u r e  P a i o d  Days 

Intake Concentration pCUm A 3 1.89~- i a  
IntahdExposure Period pCi 1 66E- 06 

imuJ!x& 
Uranium 233 & 234 
Uranium 235 
Uranium 238 
Americium 241 
Plotonium 239 & 240 
Tritinm (gls)" 
Strontium 89 
Strontium 90 
Cesium 137 
Radium 226 
Radium 228 

4E- 14 
4E- 14 
4E- 14 
IE- 14  
7E- 14 
1E- 19 

9E- 17 
8E- 17 
5E- I5 
1E- 15 

SE- i a  

.. 
3NE A 

Dmc/Rhk h t i m a t a  - Nom- Radiommclida 

Variable Unit Parameter 

Intake Rate mA3/k 
Intake Duration hrlday 
Exposure Period Days 
F rad .  Leeward Wind Fador .................... 

-----------* ----- ------- ------------ ----- ------- .......................... 

IntakeConcentration mglm ^ 3  1.52E- 12 
IntakdExposure Period mg 1.33E- 08 
Carcinogen Dose Rate  mgltglday 1.44E- 15 
Non-Carc. Dose Rate  mgllrglday 1.04E- 13 

I- 
Arsenic 
Beryllium 
Cadmium 
Chromium VI 
a- Hexachlorocyclohexane 
B- Hexachlorocyclohexane 
Heflachlor 
Hepachlor Epoxide 
Aldrin 
Dieldrin 
D D T  
Chlordane (alpha, gamma) 
Toxaphene 

4E- 13 
6E- 14  
5E- 14  
3E- 14 
SE- 14  
1E- 14 
3E- 14 
7E- 14 
1E- 13 
1E- 14 
3E- IS 
1E- 14 
8E- 15 

I 
Bsrium 
Chromium 111 
Chromium VI 
Mauganese 
Mercury 

1E- 10 
2E- 08 
2E-08 
9E- 10 
1E-09 

Variable una Parameter 

Intake Rate  mA3/hr 
Intake Duration hrlday 
Exposure Period Days 
had.-Leeward Wind Pador 

= = = P P P I = = = = s  ===== ======= 

IntakeConcentration mglm ̂ 3 2.36E- 06 
IntakdExposure Period mg 2.078-02 
Carcinogen Dose Rate  mgltglday l.lSE-08 
Non-Carc. Dose Rate  mgllrglday 1.62E-07 

lmuJLcA 
Cblordorm 
Carbon Tetrachloride 
Benzene 
Dichloromet haue 
1.2- Dichlaroethane 
1.1- Dichlaroethene 
1.3- Dichlmopropene 
1,1,2-Trichloroethane 
Bromdorm 
Tetrachlaroetheae 
Styrene 
Vinyl Chloride 
1.2- Dichlmoethane 
1,2- Dichlmopropane 
1,1,2f- Tetrachlorod hane 
2-Chlaoethyl Ether 
Hexachlorethane 
Hexachlorobutadiene 
2.4.6- Trichlorophenol 
Hexachlorobeazene 

9E- 10 
2E-09 
3E- 10 
2E- 11 
1E-09 
1E-08 
2E- 09 
7E- IO 
SE- 11 
2E- 11 
2E- 11 
3E- 10 
1E-09 
2E- 09 
2E-09 
1E-08 
2E- 10 
9E- 10 
1E- 10 
2E-08 

l,l,l- Trichloroethane 5E-08 
Toluene 3E-07 
Dichlaomet hane 2E-07 
X y l e n s  2E-06 
MEK 2E-07 
Bromomethane 8E-06 
Carbon Disulfide 5E-05 
1.1- Dichlaroethane 2E- 07 
Vinyl Acetate 3E-06 
1.3- Dichlmopropene 3E-05 
Chlorobenzene 3E-06 
Ethylbenzene 5E-07 
1,4- Dichlarobenzene 8E-07 
1.2- Dichlarobenzene 4E- 07 

3E- 05 Ntrobenzene 
1.2.4- l'kicblorobenzene SE-06 
Hexachlorocyclopent adiene 8E-04 



Uranium 2 3  
Americium 241 
Plutonium 239 8i 240 
Tritium (gas). * 
Strontium 89 
Strontium 90 
Ccsium 137 
Radium 226 
Radium 228 
Non -Redionuelidcs 
Arscaic 
Barium 
Btrgllium 
Cadmium 
chromirnn 111 
ChromiumVI 
MfUlganC8C 

M=my 
Hexachlapcyclohexane (alpha) 
Hexachlapcyclohexane (beta) 
Heptachlor 
Heptachlor E p i d e  
Aldrin 
Dieldrin 
DDT 
Chlcrdane (alpha, gamma) 
Toxaphene 
VOCa & Semi-VOCs 
ChlOrOfO~ 
1,1,1 -Trichloroethane 
Carbn Tetrachlcride 
Benzene 
Toluene 
Dichloromethane 
XyIenca 
MEK 
12-Dichloroethane 
Bromomethane 
Carbon Disulfide 
1,l -Dichloroethene 
1,l- Dichloroethant 
Vinyl Acetate 
1,3-DicNoroppene 
1,1,2-Trichlorcethane 
Bromofam 
Tetrachloroethene 
Chlorobtnanc 
Ethylbenzene 
Styrene 
Vinyl Chlcride 
12-Dichlorcethane 
12-Dichloroppane 
1 , 1 , 2 J - T t t ~ c h l ~ ~ e  
2-CNoathyl Ether 
1,4-Dichlorobenzene 
12-Dichlorobenzene 
Nitrobenzene 
Hexachloroethane 
1,24-Trichlwoknane 
Hexachlmbutadie ne 
Hexachlapcyclopentadiene 
2,4,6-Tlichlorophend 
Hexachlmbenzene 5.41E+01 



DESCRIPTION Tberelatiorsbip f a  medietinn fugitive drst embions d d n n  tomoil removal 

- 

I I  Y .  

b y s a a p a  is ona p u  mu unit bmu ofaoilremoved. 

Ttrnar X/Q 
Contaminant Dbpmica 
Variable Unit 

Ql.Embsion Rate - Non-Radionuelldo gh". 2.2lE-07 R a e p t u  @ 
02. Embion Rate - Radionuclides pCJCc. 1.lOE-01 1.6 t m  
Q3. Ermpn~n Rate - V O a  &SC. 1.16E-02 
Pi 3.14 
Sigma y m b r c  Dstability 
Sigma z b r a  Ditability 

Contaminant ConemIratiom at Femdine  

P a a m e t a  R e m a t  ----- 111----- .I1-I .111- -..I--- ---I----,. 

Wind rpced Illbee 

Nm-Radionuclide mglm-3 3.178-09 
Radionuclide pCUm * 3 1.S8E-06 
VOQ ma/m * 3 1.678-04 
Initial C m c e n h a t i o a  d Contammanta in Soib at Source - -  

Pu Repiable  Fine < =lSum 
EHQtglMg) O.Ol9kglMgof Soil Rcmoved(notc 1) 

Variable 

4ArerSutjsc1 t o t o p d  Rem& 
D. Depth of Topoil Removal 
DT. Bulk Demityof Soil  
V. Volume of Topoil to be Removed 
T. Total Period of Removal 

P P = = = =E P = = = E i 5 E=- 

MT,Total M a s  of Topoil Removed 
VOC Total (note 2) 

Unit P a a m e t a  I 

b 317 I 

= variablarequimg input 

1.00E+00 I I Radionuelids (pciial  
Nm-Radb (u& a-ppm) ~. 1.00E+00 
V O a  (I& a ppm) 1.00E+00 

P a n d 8 m  Emirriom horn Source k W B  1.90E-02 
Nm-Radionuclide (soli&) Embslon Rate 2.21E-07 
Radionuclide Embsion Ratc(note 4) l.lOE-01 
VOCb EmisionRate 1.16E-02 - 

T r g d  Tlrahold R b t  1.00E-06 
0.1 Note 1:Refsence MemorandumfmmTomTbtink.Public Health Engineer, on FugitlvePaniculate EmLsiors. Jug 2. 

Note 2 V o c 1  arc auumed to bccompletefyvolatilized and emitted hom hesoil  dming tberemovdl activity. 
N a e  3: Contaminant embrionrata are based on the apumcd initial contaminant conantratiom in tbesoil. 

Tagd T k a b o l d  H a r a d  l n d a  
19M. Tirough Cdorado Depanment of Health, A t  Pollution Conhot Division. 

N a e  4 Radionuclda are msumcd to be dbtributed onlyand bomogeniorsly in the top6 in& laya ofsoil. 



[ntake Concentration pCi/m ^ 3  1.58E-06 
[ntakdExposure Period pCi 1.39E-02 

Daee/Risk EstimaIcs - N ~ ~ - R d i o . m c l i d =  

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

D a c / R i s k  E A i m a t a  - V O a  

4E- 10 
3E- 10 
3E- 10 
6E- 10 
6E- 10 
1E- I5 
4E- 14 
8E- 13 
7E- 13 
4E- 11 
9E- 12 

Variable, Unit 

Intake Rate  mn3/lr 
Intake Duration hrlday 
Exposure P a i o d  Days 

------------ ----- ----- -- - -_-  - ----- 

Frad. Leeward Wind F a d o r  

IntakeConcentration mglm “3  
IntakdExposure Period mg 
Carcinogen.Dose Rate  mg/kg/day 
Non-Care. Dose Rate  mglkglday 

liwlJx& 
Arsenic 
Beryllium 
Cadmium 
Chromium VI 
a- Hexachlorocyclohexane 
B- Hexachlorocyclohexane 
Hepachlor  
Hepachlor  Epoxide 
Aldrin 
Dieldrin 
DDT 
Chlordane (alpha, gamma) 
Toxaphene 

d 0- 

Barium 
Chromium I11 
Chromium VI 
Manganese 
Mercury 

3.17E- 09 
2.778- OS 
1.SSE- 11 
2.17E- 10 

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

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

IntakeConcentration mglm .. 3 
IntakdExposure Period mg 
Carcinogen Dose Rate  mg/kg/day 
Non-Carc. Dose Rate  mgllg/day 

I- 
C h l a d o r m  
Carbon Tetrachloride 
Benzene 
Dichloromet hane 
1,2- Dichluoethane 
1.1- Dichluoethene 
1.3- Dichluopropene 
l,l,2-l’kichlaoet hane 
Bromdorm 
Tetracbluoethene 
Styrene 
VinylChloride 
1.2- Dichluoethane 
1,2- D ic hluopr  opa ne 
1, I .2,2- Tetr ac hloroet hane 
2-Cblaroethyl &her 
Hexachlorethane 
Hexachlorobutadiene 
2,4,6- Trichlorophenol 
Hexachlorobenzene 

I o - ~  

1.61E - 04 

8.16E- 07 
1.14E-05 

1.46E t 00 

7E-08 
1E-07 
2E- 08 
2E- 09 
7E-08 
1E-06 
1E-07 
SE-08 
3E- 09 
1E-09 
2E- 09 
2E-08 
7E- 08 
IE-07 
2E- 07 
9E-07 
1E-08 
6E-08 
9E- 09 
1E-06 

I 
1,1,1-Trichloroethane 4E- 06 
Toluene 2E- OS 
Dichlaomethane 1E-OS 
Xylene 1E-04 
MEK 1E- 05 
Bromomethane 6E- 04 
Carbon DisulGde 4E- 03 
1,l- Dichluoethane 1E-OS 
Vinyl Acetate 2E- 04 
1.3- Dichluopropene 2E- 03 
Chlorobenzene 2E-04 
Et hylbenzene 4E- OS 
1.4- Dichluobenzene 6E-OS 
1,2- Dichluobenzene 3E-OS 

2E-03 Nitrobenzene 
1,2,4- Trichlorobenzene 4E-04 
Hexachlorocyclopent adiene 6E- 02 



Thdold  calc Threshold calc I 
Radionuclidw 
Uranium 233 8t 234 
Uranium 23s 
Uranium238 
Americium 241 
Plutonium 239 & 240 
Tritium (p)’* 
Strontium 89 
Strontium 90 
ctsium 137 
Radium 226 
Radium 228 
Nan -Radionuclkka 
Atscaic 
Barium 
BcrglliU 
Cadmium 
chromium I11 
chromiumvI 

Mmlny 
Hexachlarqclohekme (alpha) 
Hexachlcrayclohexane (beta) 
Heptachlor 
Heptachlor E p i d e  
Aldrin I 
Dieldrin 
DDT 
Chlcrdane (alpha, gamma) 
Toxaphene 
VOQL Semi-VOCs 
Chloiobm 
1,1,1 -Trichloroethane 
Carbon Tetrachlaide 
Benzene 
Toluene 
Dichloromethane 

MEK 
12-Dichloroethane 
Bromomethane 
Carbon Disulfide 
1,l -Dichloroethene 
1,l-Dichlorotthanc 
Vinyl Acetate 
1,3-Dichloroppene 
l,l,2-Trichlorcethane 
Bromofam 
Tetrachloroethene 
Chlorobenzene 
Ethylbenzene 
Sy-ene 
Vinyl Chlaide 
12-Dichloroethane 
1,2-Dichlorop-opane 

j 

XylCllCE 

l , l ,Z,Z-Tttddo~thant 
2-Chloroethyl Ether 
1,4-Dichlorobenzene 
1,2-Dichlorobenzene 
Nitrobenzem 
Hexachloroethane 
1,2,4-Trichlorobenztne 
Hewchlwbutadiene 
Hexachlaocyclopentadene 
2.4.6-Trichloro~hend 

si#% 
2.67E+03 
288E+03 

9.43Ei-o 
4.08EM1 

6.13E+02 

135EM1 

1.02Ei-o 

9.43Ei-o 
215EM1 
3.14E+02 
6.81 E +02 

6.13E- 
4.23EM1 
1.35EM1 
9.43Ei-o 
6.13Ei-o 
l.llE+00 

8.75 E M1 

1.57EM1 

1.11E- 

!!& 
4.61E+05 

263E+03 
263E+03 
525E+04 
3.%E+04 

I 

I 

2.63E+04 

5.25E+03 
7.88E+03 
7.88E+02 
7.88E+03 

l.75E+02 
2.63EM1 

8.75E+03 
53E+02 
5.25EM1 

4.3BE+02 
263E+03 

1.75E+03 
3.50E+03 
5.25EMl 

2.63E+02 

1.75Ei-o 

I 
I 

I 

I H&chlaoben&ne 7.66E-01 



DESCRIPTION: T h e  equation fa batch ckopopuations p d i c t r  emmion f z t m  k e d  on particlesize. 
silt content. wmdrpeed. b o p  height, mbture eonten& and dumping device capacity. 

Fu R a p i a b l e  Fin6 c =lSum. K = 0.48 
EHE(kglMg) = K(0.0009)[(r/S~U/2.2)(W1.~)M(M12) -2(Y/4.6)-.33) (nue  1) 

Variable 

1. S I 1  Content 
U, Mean Wind Speed 
H, b o p  Height 
M. Moisture Content 
Y, Bucket Capacity 
T.TotalPdod of Unloading 
D. Depth of Excavation 
A. Area of Topoil Removed 
DT, Bulk Demityof Soil 
MT, Total M a u  of Topsoil 
VOCTotal(nue2) 

===P= I======= P=P== 

13293 
0.0 

E m m i o m  a t S o u r c c  (note3 

P a  ticnl.te Emirriom horn Soarce kWI 1.878-04 
2.17E-09 
1.09E-03 
O.OOE+W 

Nm-Radionuflide (soli&) Emwbn Rate prs 
Radionuclide Embsion Rate(note4) Pch 
V W  EmbsionRate 

Note 1: Reference Memorandum from TomTbtiiic.Public Health Enginar. on FugitivePartieulate E m h i o n .  Jub 2, 

N u e  ZVOf.3 are lsrumd to be completelyvolatilizcd and emitted hom thesoil dllring theremoval b y s u a p a  activity. 
N a e  3 Contaminant emisionrates are based on the maumed initial contaminant conqtratiorn in the toil. 
N u e  4 Radionucfida are arrumd to be distributed only and homogenbrsly in the top6 inch layu ofnoil 

1984. Tkough C d a a d o  Dcprtment of Health, AkPollution Conhol Divbion. 

Two- WQ 
Contaminant Dispasim 
Variable 

Ql.Emmion Rate - Non-Radwnuclids 
02.  Emhion Rate - Radionuclida 
Q3, Emirdon Rate - VOQ 
Pi 
Sigma y 
Sigma z 
Windsoced 

------------- ----- 

= variablarequring input 

Unit 
-I--- 

.?=. 
pCJeC. 

&hac. 

m 
m 

mha: .. 
Contaminant Coneahallom at P e m d i n e  
Nm-Radionuflida mg/mA3 
Radionuclide pCim A 3 
VOQ mdm-3  
Initial Cmceafrationr of Contaminants in Soib  at Source 

Radionuclide (pciig) l.OOE+W 
Nm-Radb(uglga  p p )  l.OOE+W 
VOQ (n& a ppm) O.OOE +00 

T a g d  T b r a h o l d  RLL 3.008-06 
T a i d  T b r a b o l d  H a r a d  h d a  0.1 

3.llE-11 
1.SSE-08 



Dee lRi sk  Es t imate  - Radiomcl ida  

Variable UiiI 

Intake Rate mA3/h  
Intake Duration hrfday 
E x p u r e  Period D V  
Frad. Leeward Wind Fador 

------------ ----- _ _ _ _ _ _ _ _ _ _ _ -  ----- 

D e e l R k k  E s t i r a t a  - N o ~ - R a d i o ~ 8 c t i d e s  

IntakeConcentration p C i / m A 3  - 

IntakdExposure Period pCi 

4E-12 
3E- 12 
3E- 12 
SE- 12 
6E- 12 
1E- 17 
4E- 16 
8E- IS 
7E-15 
4E-13 
9E-14 

lwuasJL 

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

Arsenic 
Bayllium 
Cadmium 
Chromium VI 
a- Hexachlorocyclohexane 
B- Hexachlorocyclohexane 
Hepachlor 
Hepachlor Epoxide 
Aldrin 
Dieldrin 
DDT 
Chlordane (alpha, gamma) 
Toxaphene 

- 
Variable una Parameter 

Intake Rate m A 3 / h  
Intake Duration hrlday 
E x p u r e  Paiod Days 
Frau. Leeward Wind Fador 

===========s ===== ======= 

- 

IntakeConcentration mglm ̂ 3 3.11E- 11 
IntakeExposure Period mg 2.728- 07 
Carcinogen Dose Rate mgllrglday 1.52E- 13 

1 Non-Care. Dose Rate mgllrglday 2.13E- 12 

8E- 12 
1E- 12 
9E- 13 
6E- 13 
1E- 12 
3E- 13 
IE- 13 
1E- 12 
3E- 12 
2E- 13 
5E- 14 
ZE- 13 
2E- 13 

I I- 
Barium 2E- 09 
Chromium 111 4E-07 
Chromium VI - 4E-07 
Manganese ZE- 08 
Mercury 2E-08 

Unit Variable 

Intake Rate mA3/hr 
Intake Duration hr/day 

Frad. Leeward Wind Fador 

===========s = E = = =  

E x p u r e  Period Da)R 

Intake Concentration mg/m A 3 
IntakeExposurePeriod - mg 
Carcinogen Dose Rate mgllrglday 
Non-Carc. Dose Rate mg/lrg/day 

l3mAELE - -  

C hlor dorm 
Carbon Tetrachloride 
Benzene 
Dichloromethane 
1.2- Dichlmoethane 
1.1- Dichlcroethene 
1.3- Dichluopropene 
1.1.2- Trichlaodhane 
bomdorm 
Tetrachlcroethene - 

Styrene 
Vinyl Chloride 
1,2- Dichlmoethane 
1.2- Dichluopropane 
1,1.22- Tetrachlorod bane 
2-Chlcroethyl Ether 
Hexachlorethane 
Hexachlorobut adiene 
2,4,6- Trichlorophenol 
Hexachlorobenzene 

IJJ- lkichloroet hane 
Toluene 
Dichlaometbane 
Xylene 
MEK 
Bromomethane 
Carbon Disulfide 
1.1- Dichlmoethane 
Vinyl Acdate 
1,3- Dichluopropene 
Chlorobenzene -__ 
Et hylbenzene 
1.4- Dichluobenzene 
1.2- Dichlmobenzene 
Nitrobenzene 
1.2.4- Trichlorobenzene 

Parameter 
= = = = E = =  .. . . . . . . . . 

O.OOE + 00 
.O.OOE+OO 
O.OOE+OO 
O.OOE + 00 

OE t 00 
OE+OO 
OE+OO 
OE+OO 
OE + 00 
OE+OO 
OE+OO 
OE + 00 
OE+OO 
OE+OO 
OE+OO 
OE+OO 
OE+OO 
OEtOO 
OE+OO 
OE+OO 
OE+OO 
OE+OO 
OE+OO 
OE+OO 

OE t 00 
OE+OO 
OE+OO 
OE+OO 
OE + 00 
OE+OO 
OE+OO 
OE + 00 
OE+OO 
OE+OO 
OE+OO 
OE+OO 
OE+OO 
OE+OO 
OE+OO 
OE+OO , .  

Hexachlorocyclopent adiene OE+OO 
- -_ 



Thnshou con& Thnshokl conc 
Radionuclidce 
UraniUmP3&234 
Uranium Z3S 
uraniumm 
Americium 241 
Plutonium 239 & 240 
Tritium (gas).' 
Strontium 89 
strontium 90 
Cesium 137 
Radium 226 
Radium 228 
Non -Radionudiden 
Arsenic 
Barium 
Bergilium 
cadmium 
chromium I11 
ChrOmiumvI 
mgan= 
Mmlny 
Hexachlcrocyclohexane (alpha) 
Hexachlaccyclohexane (beta) 
Heptachlor 
Heptachlor E p i d e  
Aldrin 
Dieldrin 
DDT 
Chlcrdane (alpha, gamma) 
Toxaohene 

l,l,l-Trichloroethane 
Carbon Tetrachloride 
Benzene 
Toluene 
Dichloromethane 

MEK 
12-Dichloroethane 
Bromomthane ' 

Carbon Disulfide 
1,l -Dichloroethene 
1,l -Dichlorocthane 
Vinyl Acetate 
1,3-Dichloroppene 
1,1,2-Trichloroethane 
Bromofam 
Tetrachloroethene 
C h l O r O b e w n t  
Ethylbenzene 
Styrene 
Vinyl CNaide 
12-Dichloroethane 
1.2-Dichloroppane 

XJlltnts 

1,1,2,2-Tctmchl~thant 
2-Chl01~ethyl Etkr 
1,4-Dichlorobenzene 
12-Dichlorobenzene 
Nitrobenzene 
Hexachloroethane 
1,2,4-Trichlorobewne 
Hexachlarobutadiene 
Hexachlorocyclopentadene 
2,4,6-Trichlorophend 

s ih l  
272E+05 
2WE+05 
3.06E+05 
1.84E+05 
1.79E+05 
9.41E+10 
2.53E+09 
131E+08 
1.50E+OB 
2 . 4 5 8 6  
1.13Ei-07 

131Ei-05 

7.82E+05 
1.08E+06 

1.60E+06 

!!& 

1.04E+06 
3.65E+06 
1 . 4 6 E 4  
7.21E+05 
3.86Ei-05 
4 .10E6  
1.93Ei-07 
5.05E+06 
5.97E+06 

N/A 
NIA 
NIA 
NIA 
NIA 
NIA 
NJA 
NIA 
NIA 
NIA 
NIA 
NIA 
NJA 
NIA 
NIA 
NIA 
NIA 
NIA 
NJA 
NIA 
NIA 
NIA 
NIA 
NIA 
NJA 
NIA 
NIA 
NIA 
NIA 
NIA 
NJA 
NIA 
NIA 
NIA 

4.69Ei-07 

267E+05 
267E+05 
53SEi-06 
4.03E+06 

!!& 
NJA 
NIA 
NIA 
NIA 
NIA 
NIA 
NJA 
NIA 
NIA 
NIA 
NIA 
NIA 
NJA 
NIA 
NIA 
NIA 
NIA 
NIA 
NJA 
NIA 
NIA 
NIA 
NIA 
NIA 
NJA 
NIA 
NIA 
NIA 
NIA 
NIA 
NJA 
NIA 
NIA 
NIA 

Hexachlmbenzene NIA NIA 



Fm Rspiable  F ins  < =1Sum 
EHE(tgNw=2.2E-6*(s)^ 1.4*(W)^ZS(note 1) 

Variable Unit P a a m e t a  

A,ArerSntjsct t o T o p d  R e m 4  rn-2 
D, Depth of Topoil Removal 
DT. Bulk Dcmityof Soil 
V. Volume of Topoil to be Removed (ltarsported) 
T, Total P eriod or ltam paling k 317 
Total Number of Round T r i p s ( A u u m a ~ a p a C a p . = l O . ' l m ^ 3 )  
I, Silt Content 96 
W. Mean S a a p a  Weight Mg 

VOC Total l7 a 

=P===P=PP=IPPPPPPP ===I== = = e = = = =  

m 
Mum ,. 3 

m " 3  

RT, Rcund Trip Distance t m  
MT. Total MSY of Topsoil Trampted Mi3 13293 

- 

! 
/. 

j , 
I 

I. 
I 

Emhrlom atSourcr (oote3) - 

P s r d d r a  Emkioac horn Source L P K T  8.73E+OO 

2.34E+01 
Nan-Radionuclide (soli&) Emwion Rate gh 

0.OOE +00 
Radionuclide Embsion Rate(note4) PCh 
VOCh Embsion Rate 

1.16E-OS 

Note 1: R d a m c e  Memorandum from TomT&ik.Publii Health Eaginar. on FvgltiveParticulate Embsiors. Jug 2 

Note2VOC.embrionsarelarumedto benegligablefa thhactivity. 
Note 3 Contaminlmt emhionrates are based on the larumed initial contaminan concentratiomi in tbc soil. 
Note 4: Radbnucfida are msumed to be dbtributcd only and bomogenbrsly in the top6 inch layer ofsoil. 

1984. Tlrough Colaado Department of Health, AkPollution Conaol Division. 

3.14 
_. m b s  Dstability 

m b s  Dstability 

Pi 
Sigma y 
Sigma z 

Coolamiaant Concmaatiw at Fencedine 
Windspeed- mbcc 

Nan-Radionuclids __ mg/m"3 i.67~-07 

V O a  mdm A 3 O.OOE+OO 
Radionuclids pCUm ,. 3 3.358-04 

Initial CoDcenhatlorn of Conlamiamb Io Soib at h r c e  

l.OOE+OO 
Nm-Radb(uglga ppm) l.OOE+OO 
V O O  (ng/g a ppm) O.OOE +00 

. -  Radionuclids (pCi/B, 

T a g a  Tbrabold Risk 1.008-06 
T a l e  Tbrahold  H a r r d  I o d a  0.1 



DatelRisk EsIimate3 - RadiomacEdes 

IntakeConcentration mglm “3  1.67E-07 
Intakflxposure Period mg 1.468-03 
Carcinogen Dose Rate mglLglday 8.17E- 10 
Non-Carc. Dose Rate rngllrglday 1.14E-’08 

libuaS& 

Variable Unit Parameter 

Intake Rate m”31k 
Intake Duration hrlday 
Exposure Period Da)R 
Fract. Leeward Wind Fador 

IntakeConcentration pCi/m ^ 3  3.35E- 04 
IntakdExposure Period pCi 2.94E+00 

--------___- ----- ------_ _ _ _ _ _ _ _ _ _ _ _ -  ----- - - - -___ 

O.OOE+OO IntakeConcentration mg/m ^ 3  
Intakflxposure Period mg O.OOE+OO 
Carcinogen Dose Rate mglLglday O.OOE+OO 
Non-Carc. Dose Rate mg/lglday O.OOE+OO 

JmuuECE EEuJuLL 

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

8E- 08 
7E-08 
7E-08 
1E-07 
1E-07 
2E- 13 
9E- 12 
2E- 10 
IE- IO 
9E- 09 
2E-09 

nt I 

DaeIRisk  Estimates - Nom-Radioaaclida I I Dae /Riak  Es t imata  - VOC. I 
Variable Unit Parameter 

Intake Rate mA311r 
Intake Duration hrlday 

Fract. Leeward Wind Factor 

===========s I==== ======= 

Expoenre Period Days 

Unit Parameter Variable 

mA3/k  Intake Rate 
Intake Duration hrlday 

Frad. Leeward Wind Factor .................... 

==========Is I==== = = = = = E =  ....................... 

Exposure Period Days 

Arsenic 
Beryllium 
Cadmium 
Chromium VI 
a- Hexachlorocyclohexane 
B- Hexachlorocyclohexane 
Hepachlor 
Hepachlor Epoxide 
Aldrin 
Dieldrin 
DDT 
Chlordane (alpha, gamma) 
Toxaphene 

Barium 
Chromium I11 
Chromium VI 
Manganese 
Mercury 

4E-08 
7E- 09 
SE-09 
3E- 09 
SE-09 
1E-09 
4E-09 
7E- 09 
1E-08 
IE-09 
3E- 10 
E-09 
9E- 10 

IE-05 
2E-03 
2E-03 
1E-04 
1E-04 

Chlordorm 
Carbon Tdrachloride 
Benzene 
Dichloromd hane 
1,2- Dichluoethane 
1.1- Dichluoethene 
If-  Dichluopropene 
1,1,2-Trichloroe(hane 
Bromdorm 
Tetrachloroethene 
Styrene 
Vinyl Chloride 
1,2- Dichluoethane 
1,2- Dichluopropane 
l,1,2,2- Tdrachloroet hane 
2-Chloroethyl Ether 
Hexachlorethane 
Hexachlorobutadiene 
2.4.6- Trichlorophenol 
Hexac hloro benze ne 

OE+OO 
OE+OO 
OE+OO 
OE + 00 
OE + 00 
OE+OO 
OE+OO 
OE + 00 
OE+OO 
OE t 00 
OE+OO 
OE+OO 
OE+OO 
OE+OO 
OE+OO 
OE + 00 
OE + 00 
OE+OO 
OE+OO 
OE+OO 

I 
l,l,l-Trichlaoethane OE+OO 
Toluene OE+OO 
Dichlcxomd hane OE+OO 
Xylenes OE+OO 
MEK OE+OO 
Bromomethane OEtOO 
Carbon Disulfide OE t 00 
1,l- Dichluoethane OE+OO 
Vinyl Acetate OE+OO 
1,3- Dichluopropene OE+OO 
Chlaobenzene OE + 00 
Et hylbenzene OE+OO 
1,4- Dichlorobenzene OE+OO 
1,2- Dichluobenzene OEtOO 

OE+OO Nitrobenzene 
1,2,4- Trichlorobenzene OE+OO 
Hexachlorocyclopent adiene OE+OO 



Radionuclidte 
Uranium 233 & 234 
uranium 23s 
Uranium 238 
k i c i u m  241 
Plutonium 239 & 240 
Tritium (p)" 
Strontium 89 
strontium90 
ctsium 137 
Radium 224 
Radium 228 
N m  -Radionuelklea 
Arscaic 
Barium 
Bcrgllium 
Cadmium 
chromium I11 
chromiumw 
MfUlpCSC I 
Mmmy 
Hexachlcmcyclohexane (alpha) 
Hexachlaucyclohexane (beta) 
Heptachlor 
Heptachlor E p i d e  
Aldrin 
Dieldrin 
DDT 
Chla-dane (alpha, gamma) 
Toxaphene I 

1,1,1 -Trichloroethane 
Carbon Tetrachloride 
Benzene 
Toluene 

Xglcnts 
MEK 
12-Dichloroethane 
Bromomethane 
Carbon Disulfide 
1,l -Dichloroethene 
1,l- Dichlorocthane 
Vinyl Acetate 
1,3-Dichloroppene 
l,l,2-Tkichloroethane 
Bromofam 
Tetrachlaroethene 
Chlorobenzene 
Ethylbenzene 
Styene 
Vinyl Chloride 
12-Dichlorcethane 
12-Dichloroppane 
l,l,?J-Tetrachlorotthant 
2-Chloroethyl Ether 
1,4-Dichlorobenzene 
12-Dichlorobenzene 
Nitrobenzerr: 
Hexachloroethane 
1,~4-TrichIorobc~ne 
Hexachlmbutadiene 
Hexachlcrocyclopentadiene 
2,4,6-Trichlorophend 

Dichloromethane 1 

rsfh 
' 1.26EM1 

1.36EM1 
1.42EM1 
851Ei-00 
b31Ei-00 
4 . 3 7 E a  
1.17E+05 

' 6.08E+03 
4.958+03 
1.14E+02 
524EiU2 

2.45Ei-01 

1.46E+02 
2.01E-W 

2.99E+02 

!!!&k 

I 

i 
1.94E+02, 
4.80E+02 
2?2E+02 
134E+02 
720EM1 
7.65E+02 I 3.60E)+X3 

I 9.41E+02 
1.11EM 

%!K 
NJA 
NIA 
NIA 
NIA 
NIA 
NIA 
NJA 
NIA 
NIA 
NIA 
NIA 
NIA 
NJA 
NIA 
NIA 
NIA 
NIA 
NIA 
NJA 
NIA 
NIA 
NIA 
NIA 

' NIA 
EUA 
NIA 
NIA 
NIA . 
NIA 
NIA 
NJA 
NIA 
NIA 
NIA 

!?J& 

874E+03 

4.98EM1 
4.98EM1 
9.97E+02 
7.52E+02 

%!K 
NJA 
NIA 
NIA 
NIL4 
NIA 
NIA 
NJA 
NIA I 
NIA 
NIA 
NIA 
NIA 
NJA 
NIA 
NIA 
NIA 
NIA 
NIA 
NJA 
NIA 
NIA 
NIA 
NIA 
NIA 
NJA 
NIA 
NIA 
NIA 
NIA , 

NIA 
NJA 
NIA 
NIA 
NIA 

Hexachlmbe&ne NIA NIA 
I 

I 

I 

I 

I 





.:- 

MAJOR EXCAVATlON BY FRONT SCHOVEL E 
Dac /Rhk Estimates - Radioad ides  

Variable Unit Parameter 

[ntakeRate m"31b 
[ntake Duration hrlday 

Frad. Leeward Wind Fador  

[ntakeConceotration pCVm "3 0.00E+00 
[ntakeExposure Period pCi 000E+OO 

============ ===== ======= 

Exposure Paiod Days 

E E i L E c E  

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

OE+OO 
OE+OO 
OE+OO 
OE+OO 
OE+OO 
OE+OO 
OE+OO 
OE+OO 
OE+OO 
OE+OO 
OE+OO 

lAVATOR (BATCH DROP) - ZONE A 
Dae/Risk E s t i m r t a  - Nom- Radiommclida 

Variable Unit Parameter 

Intake Rate m " U k  
Intake Duration hrlday 
Exposure Period Days 
Frad. Leeward Wind Fador 

===========s ===== ======= 

Intake Concentration mg/m ^ 3  4.17E- 10 
IntakeExposure Period mg 3.65E-06 
Carcinogen Dose Rate mgllg/day 2.04E- 12 
Non-Care. Dose Rate mgllrglday 2.86E- 11 

lmLuisA 

Arsenic 
Bayllium 
Cadmium 
Chromium VI 
a- Hexachlorocyclohexane 
B- Hexachlorocyclohexane 
Hepachlor 
Hepachlor Epoxide 
Aldrin 
Dieldrin 
DDT 
Chlordane (alpha, gamma) 
Toxaphene 

__  

d 0.otie.t 

IE- 10 
2E- 11 
1E- 11 
8E- 12 
1E- 11 
4E- 12 
9E- 12 
2E- 11 
3E- 11 
3E- 12 
7E- 13 
3E- 12 
2E- 12 

Barium 3E- 08 
Chromium I11 SE-06 
Chromium VI SE-06 
Ma nga nes e 3E-07 
Mercury - 3E-07 

Dose/Riak Es t imata  - VOCS 

Unit Parameter Variable 

Intake Rate m * 3/k 
tntake Duration hrlday 

Frad. Leeward Wind Fador  

-___-------- ----- ------- _ _ _ _ _ _ _ _ _ _ _ -  _ - _ _ _  _ _ _ _ _ _ _  

Exposure Period Days 

intake Concentration' mg/m "3 7.72E- 04 
IntakeExposure Period mg 6.768 + 00 
Carcinogen Dose Rate mg/kg/day 3.78E-06 
Non-Carc. Dose Rate mgllg/day 5.29E-OS 

iihudLE 

Chlordorm 
Carbon Tetrachloride 
Benzene 
Dichloromethane 
1.2- Dichlcroethane 
1,l- Dichlcroethene 
1.3- Dichlcropropene 
1.1.2-Triehlaoethane 
Bromdorm 
T&rachlcroethene 
Styrene 
Vinyl Chloride 
1,2- Dichlcroethane 
1,2- Die hlcr opr opa ne 
1.1.2.2- Tetrachloroet hang- 
2-Chloroethyl Ether 

Hexachlorobut adiene 
2.4,6- Trichlorophenol 
Hexachlorobeozene 

Hexachlorethane .- - 

1.1.1-Trichloroethane 
Toluene - 
Dichlaomethane 
Xylenes 
MEK 
Bromome(hane 
Carbon Disulfide 
1,l- Dichlcroethane 
Vinyl Acetate 
1,3- Dichlcroprowne 
Chlorobenzene 
Et hylhenzene 
1.4- Dicblaobenzene 

- 

_ _  

3E-07 
SE-07 
1E-07 
8E-09 
3E-07 
5E-06 
5E-07 
2E- 07 
1E-08 
7E- 09 
8E- 09 
1E-07 
3E- 07 
SE-07 
8E-07 
4E- 06 
SE- 08 
3E- 07 
4E-08 
6E- 06 

2E-05 
9E-05 
6E-05 
6E-04 
6E- 05 
3E-03 
2E- 02 
5E- 05 
9E- 04 
9E- 03 
1E-03 
2E- 04 
3E- 04 

1,2- Dichlcrobenzene 1E-04 
9E- 03 Nitrobenzene 

1,2,4- Trichlorobenzene 2E- 03 
Hexachlorocyclopent adiene 3E-01 



Radionuclides 
uranium2338rm 
uranium 235 
uranium ZUT 
Americium 241 
Plutonium 239 & 240 
Tritium(gas).* 
Strontium 89 
Strontium 90 
Cesium 137 
Redium Z26 
Radium 228 
Nodl -Radionuclidte 
Arstnic 
Barium 
Bergllium 
Cadmium 
chromium 111 
chromiumv1 
MLUlganWC 
Mamy 
Hexachlcmcyclohexane (alpha) 
Hexachlcmcyclohexane (beta) 
Heptachlor 
Heptachlor E p i d e  
Aldrin 
Dieldrin 
DDT 
Chlcrdane (alpha, gamma) 
Toxaphene 
VOCB & Semi-VOCs 
ChlOfObllll 
1,1,1 -Trichloroethane 
Carbon Tetrachloride 
Benzene 
Toluene 
Dichloromethane 

MEK 
12-Dichloruethane 
Bromomethane 
Carbon Disulfide 
1,l -Dichloroethene 
1,l -Dichlorotthant 
Vinyl Acetate 
1,3-Dichloroppene 
1,12-Trichloroethane 
Bromofam 
Tetrachlmthene 
Chlorobcwnt 
Ethylbenzene 
Styrene 
Vinyl Chlaide 
12-Dichlorcethane 
12-Dichloroppane 
1,1,2,2-Tttrachloroethant 
2-Chlomthyl Ether 
1,4-Dichlorobenzene 
12-Dichlorobenzene 
Nitrobenzerr: 
Hexachloroethane 
1,24 -Tr ichlorobtnant 
Hexachla-obutadiene 
Hexachlamyclopentadiene 
2,4,6-Tnchlom1hend 

XJllCncS 

P S a  
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NJA 
NIA 

9.80E+03 

5.83E+04 
8.03E+04 

1DE+05 

7.78E+04 
2?2E+05 
1.09E+05 
538E+04 
2.88E+04 
3.06E+05 
1.44E+06 
3.7E+05 
4.45 E +05 

3.27E+00 

2.03E+00 
8.82E+00 

1.32EiU2 

2.91E+00 

22OE-01 

203E+00 
4.64E+00 
6.78E+01 
1.47EiU2 

132EiU2 
9.l2E+00 
291E+00 
203E+00 
1.32E- 
2.40E-01 

1.89E+01 

3.398- 

2.40E+01 

!%hS 
3.50E+06 

1.99Ei-04 
1.99E+04 
3.99E+05 
3.01E+05 

5.67E+03 

1.13E+03 
1.70Ei-03 
1.70EiU2 
1.70E+03 

3.78EM1 
5.67E+00 

1.89E+03 
1.13EiU2 
1.13E+01 

9.45Ei-01 
5.67EiU2 

3.78EiU2 
7.56EiU2 
1.13E+01 

5.67E+01 

3.78E-01 

Hexachlorober&ne 1.65E-01 

1 



I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
-I 
I 
I 
I 
1 I 

A'ITACHMENT A3,4 
ZONE B CALCULATIONS 

I 

I 

I 
I 

I 



DESCRIPTION The equation for bole hilling predico embsiom on a per hole t a b .  = variablarequcmg input 

F a  Ropiable  Fino c =lSum 
EHE(tghole) = 0.25 (note 1). 

Variablt 

D. Depth d Hde 
DI, Diameter of Hole 
DT. Bulk Dnaityof Soil 
r.TotalPeriod of Hole Chilling 

m = = = = = = = = = = = = = = = = =  

MT. Total M s u  of Soil Removed 
V OC Total (note 2) 

Emiuiom a tSourcc  ( n o t e 4  

P81ficul~w Emissiom from Sonrce 
Nm-Radionuclide (solids) E m m b n  Rae 
Radionuclide Embsion Rate(note 4) 

P a a m e t a  
=I===== 

0.42 
0.42 

2.508-01 
6.948-09 

. .  6.948-03 
VOQ Embsion Rate 1.18E-OS 

N a e  1: Reference Memorandum from TomTirtink.Public Health Engineer, on Fugitive Panicubte Emiswm, lub 2, 

N a e  2 V W  are iarumed to be completelyvolatilizcd and emitted duing thb activity. 
N a c  3: Contaminant emissionrata are based on the larumed initial contaminant conantratiom in thesoil. 
N a e  4: Radionucsda are arsumed to be dbtributed only and homogmiody in the top 6 inch Laya ofsoil. 

1984. Ttrougb Colorado Depanmmt of Healtb.AkPollution Conrol Division. 

T u n =  X/Q 
Contaminant Dbpar im 
Variable Unit P a a m d u  Remak 

01. Emiuion R a e  - Non-Radionuclide Bk=. 6.948-09 Recepta @ 
02. Emiuion Rate - Radionuclides pCieC. 6.948-03 2.9 t m  

Pi 3.14 
Sigma y m lms Dstabilit: 
Sigma z tar Dstabilit! 
Wind speed mbeC 
Contamhant Coaceahatiom at Pencdine 
Nm-Radbnuclidaa mglmA3 4.08E - 11 
Radionuclidcm pCVm A 3 4.088-08 
voa ma/m A 3 6.938 -08 
Initial C o n c e n a a t i m  d Contammaat# in Soib at Source 

------------------ -0 -0 -  ------- -------- 
93, Emitri~n h t e  - VOQ ghec. 1.18E-OS 

Radionuclido (pCVnl 1.00E+00 
Nm-Radb (u&appm) 1.00E+00 
VOQ (aeg Q ppm) 1.00E+00 

T a g d  T l r s h o l d  R b t  1.00E-06 
T a g d  T l r s h o l d  H s z a d  l n d a  0.1 



OLE DRILLING - ZONE B 
)ee /Risk  Estimates - Radiommclidca 

fariable Unit Parameter 

ntake Rate mA31h 
ntake Duration hrlday 

:rad. Leeward Wind Fador 

ntakeConcentration c u m  "3 4.08E- 08 
ntakdExposure Period pCi 3.58E-04 

:=========== ===== ======= 

3xpasure Paiod Days 

Jranium 233 6t 234 
Jranium 235 
Jranium 238 
\mericium 241 
'lutonium 239 & 240 
rritium (gls)**  
itrontium 89 
itrontium 90 
h i u m  137 
Radium 226 
Radium 228 . 

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

Dec /R i sk  b t imatca  - Nom-Radiommclidca 

Variable Unit Parameter 

Intake Rate mA3/h  
Intake Duration hrlday 

Frad. Leeward Wind Fador 

===========c =.==== ======= 

E x p u r e  Paiod Days 

IntakeConcentration mglm "3 4.08E- 11 
IntakdExposure Period mg 3.58E- 07 

2.00E- 13 Carcinogen Dose Rate mg/kg/day 
Non-Carc. Dose Rate mg/l%day 2.80E- 12 

IimLEcR 

Arsenic 
Bayllium 
Cadmium 
Chromium VI 
a- Hexachlorocyclohexane 
B- Hexachlorocyclohexane 
Hepachlor 
Hepachlor Epoxide 
Aldrin 
Dieldrin 
DDT 
Chlordane (alpha, gamma) 
Toxaphene 

d O r n u  

Barium 
Chromium I11 
Chromium VI 
Manganese 
Mercury 

1E- 11 
2E- 12 
1E- 12 
8E- 13 
1E- 12 
4E- 13 
9E- 13 
2E- 12 
3E- 12 
3E- 13 
IE- 14 
3E- 13 
2E- 13 

3E- 09 
5E-01 
5E-01 
2E-08 
3E- 08 

3ee lR i sk  Estimates - VOCS 

lariable u nil Parameter 

ntake Rate m n 3 / h  
ntake Duration hrlday 

;rad. Leeward Wind Pador 

: = = = = p = = = = = s  ===== ======= 

3 x p u r e  Paiod Days 

ntakeConcentration mglm -3 6.938-08 
ntakeExposure Period mg 6.07E-04 
:arcinogen Dose Rate mg/kg/day 3.39E- 10 
Von-Carc. Dose Rate mg/kg/day 4.75E-09 

E r A L E C E  

2hlordorm 
3arboo Tetrachloride 
Benzene 
Dichlaomethane 
1.2- Dichlcroethane 
1,l- Dichlcroethene 
If- Dichlcropropeoe 
l , lf-  TrichlorM bane 
Bromdorm 
I'etrachloroethene 
Styrene 
Vinyl Chloride 
If-  Dichlcroethane 
1.2- Dichlcropropane 
l,l,2,2- Tetrachbroci bane 
2-Chloroethyl Wher 
Hexachlorethane 
Hexachlorobutadiene 
2,4,6- Tkichlorophenol 
Hexachlorobenzene 

d 0- 

3E- 11 
4E- 11 
1E-11 
7E- 13 
3E- 11 
4E- 10 
4E- 11 
2E- 11 
1E- 12 
6E- 13 
7E- 13 
IE- 11 
3E- 11 
4E- 11 
7E- 11 
4E- 10 
SE- 12 
3E- 11 
4E- 12 
SE- i o  

I,l,l-Trichloroethane 2E-09 
Toluene 8E-09 
Dichloromethane 5E-09 

MEK 5E-09 
bomomet bane 2E- 07 
Carbon Disulfide 2E-Ot 
1,l- Dichlcroethane 5E-OS 
Vinyl Acetate 8E-06 
1,3- Dichluopropene 8E-01 
Chlorobenzene 9E-06 
Et hylbenzene 2E-06 
1,4- Dichlcrobenzene 2E-06 
1,2- Dichlcrobenzene 1E-06 
Nitrobenzene 8E- Oi 
1,2,4- Trichlorobenzene 2E-0; 
Hexachlorocyclopent adiene 2E-O! 

Kylenej SE- oa 

__ 



I 
I 
I 

I I 

Radionuclidta 
uranium2338i234 
Uranium 235 
Uranium 238 
Americium 241 
Plutonium 239 & 240 
Tritium (pa)'' 
Strontium 89 
Strontium 90 
Ccaiun 137 
Radium 226 
Radium 228 
Nom -Radionuclidta 
Arsmic 
Barium ' 

Bcrgllium 
Cadmium 
Chromium 111 
Chromium VI 
Wgantsc 
Mmmy 
Hexachlcrayclohexane (alpha) . 
Hexachlcrayclohexane @eta) 
Heptachlor 
Heptachlor E@de 
Aldrin 
Dieldrin 
DDT 
Chlcrdane (alpha, gamma) 
Toxaphene 
VOCsBt Semi-VOCs 
Chlorobrm 
1,1,1 -Trichloroethane 
Carbon Tetrachiaide 
Bemne 
Toluene 
Dichlommethane 

MEK 
12-Dichlomthane 
Bromomethane 
Carbon Disulfide 
1,l -Dichlomthene 
1,l -Dichloroethant 
Vinyl Acetate 
1,3-Dichlomppene 
1,1,2-'Ifichloroethane 
Bromofcrm 
Tetrachlmthene 
Chlorobenzene 
Ethylbenzene 
Styene 
Vinyl Chlcride 
12-Dichloroethane 
12-Dichlomppane 
1,1,2,2-Tetrachlo~thant 
2-Chl01~ethyl Ether 
1,4-Dichlorobenzene 
12-Dichlorobenzene 
Nitrobenzex 
Hexachloroethane 
1,2,4-Trichlorobenzcnt 
Hexachlmbutadiene 
HexachloroEyclopentadiene 
2.4.6-Trichloro~hend 

XJltCllCE 

!!&k 
3.57EW 

204E+05 
2.04E+05 
4.07Ei-06 
3.07E+06 

!!& 
6.32EW 

1 2 6 E W  
1.90EW 
1.90E+06 
1.90EW 

421E+05 
6.32E+04 

2.11EW 
126E+06 
126E+05 

1.05Ei-06 
6.32E+06 

421E+06 
8.42E+06 
1.26Ei-05 

6.32E+05 

421 EM3 



= ~ ~ d a b l ~ r e q u i i n g  input DESCRIPTION: Theequation fa vehicle aaffii pedictr eminiom b e d  oniilf content, mean vebiclcapced, 
weight and numba of vbecb. and thenumberof days with pecipbtlon >= .254mm. 

Unit P a a m e t a  Remak ----- ------- --------, I  

@ 02. 2.638-07 Raeptm @ 
pclhec. 2.63E-01 2.9 t m  

&hoc. O.OOE+OO 
3.14 

m h a  Ditability 
m h a  Drmbiiity 

Ldla 

mg/mA3 1.53E-09 
vCiIm"3 1.53E-06 

Fm Reprable  F ine  < =lOum, K = 0.45 
EHWglVRI) = ql.7XllltXS/48)(Wn.7).~~/4) ^.y(36S-p)i36S) (note 1) 

Variable 

s, 411 Content 
= = P = I = I = = = = = = I = = P =  

S. Mean Vehicle Speed 
W. MeanVcbicle Weigh 
w, Mean Numba of Wbeeb 
P. Dap with Prec. > =0.254mm 
T,Duation ofAcrivity 
D. TotalVehicIe Distance Travelled 

O.O0 I VOC Total( note 2) 

Embsiom at Source: (note 3) 

P u n d i m  Emiesiola hom Source w m  9.48E-01 
Non-Radionuclide (aolidr) Emiuion Rate 2.63E -07 

2.638-01 
O.OOE +00 

Radionuclide Embsion Rate(note 4) 
V O O  Embsion Rate 

Note 1: Reference Memorandum from Tom Tntinic. Public Health Engineer, on Fugitive Paniculate Embrbrs. July 2, 

Note 2 V OC. emiuims arc arrumed to be negligable for this activity. 
Note 3 Contaminant emhionrater are bared on the asrumed initial contaminant conantratiom in theroil. 
Note 4: Radionucfida are asumal to be dbtributed onlyand homogmblsly In the top6 inch laya ofioil. 

1964. Tkough Colaado Depanment of Health. A t  Pollution Conaol Divnion. 

T l r n c n  XM 
Contaminant D b p m h  
Variable 

01, Eminwn Rate - Non-Radionuclide 
Q2. Eminion Rate - Radionuclida 

Pi 
Sigma y 
Sigma z 
Windspeed 
Contaminant Coneenhatiom at Pencdine 
Nm-Radionuclida, 
Radionuclide 
voe mrJm-3 O.OOE+OO I 
Initial Cooccnhatioor of Contammanu in Soib at Source 

---------*-------- 

Q3, E&OU Rite - VOcl 

Radionuclide ($Up) l.OOE+OO 
Nm-Radb (uglgm ppm) l.OOE+OO 
VOQ (n& a ppm) l.OOE+OO 

T a g &  Tkabold Rbk 1.OOE-06 
T a g &  Tbrabold Harad l n d a  0.1 



oo+ao 
00 + a0 

00 + a0 
oo+ao 
oo+ao 
ootao 
OO+a0 
OO+30 
OO+EIO 
OO+30 
OO+a0 
OO+ZlO 
OO+30 
W+aO 
OO+a0 
OO+a0 
OO+ZIO 
OO+30 
oo+ao 
OO+30 
oo+ao 
OO+30 

OO+aooo 
OO+FIWO 
O O + ~ o o ' O  
00 + awo 

- - - - - - - - - - - - - - 
D p m E l P d  

I 
90-21 
LO-36 
so -az 
so-az 
Lo-al 

Z1 -a8 
11-a1 
ZI -a€ 
rr-a1 
01 -31 
11 -31 
11 -BE 
11 -a1 
11 -3s 
11 -a€ 
11 -3s 
I I  -39 
01 -ao 

Z I  -36 
I I  -3, 
E l  -3L  
E l  -a8 
01 -ao 
SI -31 
01 -39 
01 -as 
01 -a€ 
01 -3E 
01 -3o 



Radionuclides 
uranium 233 & 234 
UraniUmPS 
Uranium 238 
Amtricium 241 
Plutonium 239 & 240 
Tritium (p)" 
Strontium 89 
Strontium 90 
Cesium 137 
Radium Z26 
Radium 22B 
Nan-Radionuclidte 
Atscaic 
Barium 
Beryllium 
cadmium 
chromium 111 
ChrOmiumvI 
mgan= 
M a l a y  
HexachlaPcyclohexane (alpha) 
Hexachlcrocyclohexane (beta) 
Heptachlor 
Heptachlor E p i d e  
Aldrin 
Dieldrin 
DDT 
Chlcrdane (alpha, gamma) 
Towphene 
VOCS & Semi-VOCs 
C h l O d O r n  
1,1,1 -Trichloroethane 
Carbon Tetrachlaide 
Benzene 
Toluene 
Dichloromethane 
Xyients 
MEK 
1,2 -Dichloroethane 
Bromomethane 
Carbon Disulfide 
1,l -Dichloroethene 
1,l-Dichlorathant 
Vinyl Acetate 
1,3-Dichloropropen 
1,1,2-Trichloroethane 
Bromofam 
Tetrachlaroethene 
Chlorobenzene 
Ethylbenzene 
S w n e  
Vinyl Chloride 
l,2-Dichloroethane 
1.2-Dichloroppane 
1,1,2,2-T~tmchl-thanc 
2-Chloroethyl Ether 
1,4-Dichlorobenzene 
1.2-Dichlorobenzene 
Nitrobenzen: 
Hexachlaroethane 
1,~4-Trichlorobcnzent 
Hexachlarobutadiene 
Hexachlcrocyclopentadiene 
2,4,6-Trichlorophend 

l?Gh 
276E+03 
298E+03 
Il lE+03 
1.86E+03 
1.82E+03 
955E+OS 
257Ei-07 
1.33E+06 
152E+06 
248E+04 
l.lSE+OS 

2.67E+03 

159E+04 
218E+04 

32SE+04 

!34 

2.l2E+04 
7.40E+04 
2.%E-#l 
1.46E+04 
7.84E+03 
8.33E+04 
3.92E+05 
l.(nE+05 
131E+OS 

!!I?& 
NJA 
NIA 
NIA 
NIA 
NIA 
NIA 
NJA 
NIA 
NIA 
NIA 
NIA 
NIA 
NJA 
NIA 
NIA 
NIA 
NIA 
NIA 
NJA 
NIA 
NIA 
NIA 
NIA 
NIA 
NJA 
NIA 
NIA 
NIA 
NIA 
NIA 
NJA 
NIA 
NIA 
NIA 

!34 
9.52Ei-05 

5.43E+03 
5.43E+03 
1.09E+05 
8.19E+04 

!!I?& 
NJA 
NIA 
NIA 
NIA 
NIA 
NIA 
NJA 
NIA 
NIA 
NIA 
NIA 
NIA 
NJA 
NIA 
NIA 
NIA 
NIA 
NIA 
NJA 
NIA 
NIA 
NIA 
NIA 
NIA 
NJA 
NIA 
NIA 
NIA 
NIA 
NIA 
NJA 
NIA 
NIA 
NIA 

Hexachla-obe&ne NIA NIA 

I 



. . . . . . . . . . . . . . . . . . .  ................... ..... ... ....................... DESCRIPTION: The equation for vehicle traffii Fed& emmiom b e d  onsilt content. meanvebiclespeed. ................. ...................... .... :::.:.... 1.: ...... ..\\.:.;.;.E variablarequiing input 
weipht and numba of  wheels. and the numba of dayr with precipitation > = .254mm. 

Emissions a: Source: (note 3) 

P81ticd8ts Emitriom from Source w m  9.488-03 
2.6313-06 
263E+00 
0.00E+OO 

Bh Nm-Radionuclide (soli&) Emhion  Rate 

VOQ Embiion Rate 
Radionuclide Embrion Rate(note 4) PCh 

_ _ _  

I 

1 

’ 

Pu Reprablc  Fine < =lOum. K = 0.45 
E H Y t g N  rcr) = K( 1.7)(412)(S/48)(W/2.7) ̂ .T w/4) A .Y(MS-p)/MS) (note 1)  

Variable 

s. 911 Content 
S. Mean Vehicle Speed 
W. MeanVebicleWeighc 
w, Mean Numba of Wheeb 
P. Dap with Pree. > =0.254mm 
T. Dvation of  Activity 
D.Tota1 Vehkle Distance Travelled 

- 
P = P P P P ~ E = = P = = = P P P P  

VOCTotal(nac2) 0.00 

Note 1: R d a c n c c  Memorandum from Tom Tutinic. Public Health Engineer, on Fugitive Particulate Emisiom. July 2, 

Note 2 V OCs embr i o n s  arc auumed to be ngligable f a  tbi activity. 
N d e  3: Contaminant emiuionratca are based on the euumed initial contaminant conanmtiom in theroil. 
Note 4: Radionuclida are arsumed to be dbtributcd only and bomogeniorsly in the top6 inch b y a  ofsoil. 

1984. ’Ihough Cdorado Department of  Health. A t  Pollution Control Division. 

Tuncn XI0 
Contaminant D’spaaim 
Variable Unit P a a m e t a  R e m a t  ----- -------- ----- ----- ------- -------- 

2.638-06 Raeptu Q 
263E+00 2.9tm 

01. Embrion Rate - Non-Radionuelids 
02, Embrion Rate - Radionuclida 
93, Emunon R8te - VOO @ec. OBOE +00 
Pi 3.14 
Sigma y 
Sigma z m 
Wind speed mh dc 
Contaminant Conceatratlom at PeDedioe 

Bh-. 
p C i a .  

lms Ditability 
lms Ditability 

N m  -Radionuclide mp/m * 3 1.53E-08 
Radionuclide pCilm * 3 1.53E-OS 
VOQ malm 3 O.00E to0 

Radionuclide (~Cilnl 1.00E+00 

Initial Concentrations of Contaminant# io Soib at  Source 

Nm-Radb ( u g / g a p p m )  l.OOE+OO 
V O O  (I& a ppm) 1.00E+00 

TRge T h a h o l d  R b t  1.008-06 
TRgd Thahold Hazard l n d a  0.1 



rebicle Traffic - Huvy(100 VKTIDsy) - Zone B 
DoscIRiak Es t i ra ta  - Radiommclidca 

Variable unit Parameter 

Intake Rate m " 3lh. 
Intake Duration hrlday 

Frad. Leeward Wind Fador 

===========5 ===== ======= 

Expasure Period DaF 

IntakeConcentration pCi/m "3 1.53E- OS 
IntakelExpasure Period pCi 1.34E- 01 

E&uJWJL 

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

4E-09 
3E-09 
3E- 09 
5E- 09 
6E- 09 
1E- 14 
4E- 13 
8E- I2 
IE- 11 
4E- 10 
9E- 11 

Variable unit Parameter 

Intake Rate m " 3Ih. 
Intake Duration hrlday 
Exposure Period DaF 
Frad. Leeward Wind Fador 

===========s ===== ======= 

IntakeConcentration mglm - 3  1.53E-OS 
IntakdExposure Period mg 1.348-04 
Carcinogen Dose Rate mgltglday 7.50E- 11 
Non-Carc. Dose Rate mgikglday 1.05E-09 

ImUJLLL 

Arsenic 
Bayllium 
Cadmium 
Chromium VI 
a- Hexachlorocyclohexane 
B- Heiachlorocyclohexane 
Hepachlor 
Hepachlor Epoxide 
Aldrin 
Dieldrin 
DDT 
Chlordane (alpha, gamma) 
Toxaphene 

4E-09 
6E- IO 
5E- 10 
3E- 10 
5E- 10 

3E- 10 
7E- 10 
IE-09 
1E- 10 
3E- 11 
1E- 10 
8E- 11 

IE- io 

Barium IE-06 
Chromium 111 2E-04 
Chromium VI 2E-04 
Manganese 9E- 06 
Mercury 1E-05 

DaelRisk  Es t i ra ta  - VOC. 

Variable Unit Parameter 

Intake Rate m"31h. 
Intake Duration hrlday 
E x p u r e  Period DaF 
Frad. Leeward Wind Pador 

IntakeConcentration mglm -3 0.00E+00 
IntakdExposure Period mg O.OOE + 00 
Carcinogen Dose Rate mg/kg/day O.00E + 00 
Non-Carc. Dose Rate mgllg/day OBOE +OO 

--------_-_- ----- ------- _ _ _ _ _ _ _ _ _ _ _ -  ----- -_----- 

EixLEs& 

Chlordorm 
Carbon Tetrachloride 
Benzene 
Dichloromethane 
1.2- Dichluoethane 
1.1- Dichluoethene 
1,3- Dichluopropene 
1,1.2- Trichloroethane 
Br om dorm 
Tetrachloroethene 
Styrene 
Vinyl Chloride 
1.2- Dichluoethane 
1,2- Dichluopropane 
l,1,2,2- Tetrachloroet bane 
2-Chloroethyl Ether 
Hexachlorethane 
Hexachlorobutadiene 
2,4.6- Trichlorophenol 
Hexachlorobeozene 

OE+OO 
OE+OO 
OE+OO 
OE+OO 
OE+OO 
OE+OO 
OE+OO 
OE+OO 
OE+OO 
OE+W 
OE+OO 
OE+OO 
OE+OO 
OE+OO 
OE+OO 
OE+OO 
OE+OO 
OE+OO 
OE+W 
OE+OO 

l,l,l-Trichlaoethane OE+OO 
Toluene OE+OO 
Dichloromet bane OE+OO 
Xylenes OE+OO 
MEK OE+OO 
Bromomethane OE+OO 
Carbon Disulfide OE+OO 
1.1- Dichluoethane OE + 00 
Vinyl Acetate OE+OO 
1,3- Dichluopropene OE+OO 
Chlorobenzene OE+W 
Ethylbenzene OE+W 
1.4- Dichlaobenzene OE+OO 
1,2- Dichluobenzene OE+OO 
Nitrobenzene OE+OO 
1,2,4- Trichlorobenzene OE + 00 
Hexachlorocyclopent adiene OE+OO 



I 
1 

I 
1 
1 
I 
1 
I 

I 
1 
I 
8 
1 
1 
1 
I 
1 

a 

e 

badionuclidts 
Jranium 233 & 234 
Llranium 235 
uranium 238 
9mtricium 241 
Plutonium 239 8r 240 
rritium (gas). 
jtrontium 89 
3trontium 90 
k i w n  137 
kdium 226 
kdium 228 
Non-Radionueliden 
Arscnic 
BariWl 
Beryllium 
zadmium 
zhromium 111 
ZhromiUmvI 
MUlgantst 
Mamy 
Hexachlomcyclohexane (alpha) 
Hexachlomcyclohexane (beta) 
Heptachlor 
Heptachlor Epcxide 
Aldrin 
Dieldrin 
DDT 
Chldane (alpha, gamma) 
Toxaphene 
VOaS & Semi-VOCs 
chlozofom 
1,1,1 -Trichloroethane 
Carbon Tetrachlaide 
Benimle 

Dichloromethane 

MEK 
1.2-Dichloroethane 
Bromomethane 
Carbon Disulfide 
1,l -Dichlomethene 
1,l-Dichlwotthanc 
Vinyl Acetate 
1,3-Dichloroppene 
1,lJ-Trichloroethane 
Bromofam 
Tetrachloroethene 
Chlorobenzene 
Etlylbenzene 
Styrene 
Vinyl Chlaide 
1.2-Dichloroethane 
1.2-Dichloroppane 

I 

roiwne 

XJlitnts 

1 , 1 , ~ 2 - T e t ~ ~ h l ~ h ~ e  
2-Chl0roethyl Ether I 
1,4-Dichlorobenzene 
1.2-Dichlorobenzene 
Nitrobenzene 
Hexachlcroethme 
1,2,4-Trichlombenanc 
Hexachlarobutadkne 
I-kxachlomcyclopentaadiene 
2,4,6-Trichlomphend 

&ilk 
2.76Ei-02 
298E+U2 
3.11E+02 
1.86Ei-02 
1.OEi-02 
955E+07 
257E+06 
1.33EM 
1.52EM 
248E+03 
l.l5E+04 

&267Ei-02 

1.59E+03 
2.18Ei-03 

3.25E+03 

2.12Ei-03 
7.40E+03 
2%E+03 
1.46E+03 
7.84EiU2 
&33E+03 
392E+04 
1.03E+04 
121E+04 

NJA 
NIA 
NIA 
NIA 
NIA 
NIA 
NJA 
NIA 
NIA 
NIA 
NIA 
NIA 
NJA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NJA 
NIA 
NIA 
NIA 
NIA 
NIA 
NJA 
NIA 
NIA 
NIA 

& 
9.52E+04 

5.43Ei-02 
5.43EM 
1.09E+04 
&19E+03 

!!&k 
NJA 
NIA 
NIA 
NIA 
NIA 
NIA 
NJA 
NIA 
NIA 
NIA 
NIA 
NIA 
N/A 
NIA 
NIA . 
NIA 
NIA 
NIA 
N/A 
NIA 
NIA 
NIA 
NIA 
NIA 
N/A 
NIA 
NIA 
NIA 
NIA 
NIA 
N/A 
NIA 
NIA ' 
NIA 

Hexachlarobe&ne NIA NIA 



l -  

1 -  

DESCRIPTION Tbe equationfor bat& dropopaations p d k b  cmiuion faetua b e d  onpartkleaizc. 
ailt content. windapeed. h o p  height. rrmbtclre contml, and dumping device capacity. 

For R e p i a b l e  F i n e  < =1Sum. K = 0.48 
EHQtglMg) K(O.oooS)[(s/S)(U/2.2)(Wl.5)~(M/2) n2(Y/4.6)n.33] (note 1) 

Variable 
P O P P P P P I P P = I ¶ I P = = E  

1, S I 1  Concent 
U. Mean Wind Speed 
H,DopHeigbt  . 
M. Moisture C m t m t  
Y,BuctetCapacity 
T. Diration of Aclivity . 
D. Depth of Excavation 
V.Volumcof Excavation 
DT, Bulk Deraity of Soil 
MT,Toral Mma ofSoiWit 
V O C  Total(note2) 
h u m i n g o n e  pitcornaucted p a  day for five 
yesrs give a t a a l  n u m k  of pib equal to: 

Nm-Radionuclide (aolids) Emmion Rate 
Radionuclide Embsion Rate(note 4) 

5.n 
5.9 

1825 

6.438-04 
1.068-10 
1.328-05 

..................... ................... ..................... ........ ............... ................. :-:: ... ....................... variables requi ing input .................... 

I l l O C n  NU 
Contaminant Dbpmicm 
Variable Unit P a a m e t a  R e m a t  

Q1. Emmion Rate - Non-Radionuclide 
02. Emmion Rate - Radionuclide pCihCC. 1.32E -05 2.9 t m  
Q3, Emirrion Rate - VOO &C. 1.65E -04 
P i  3.14 
Sigma y m liar Ditability 

hs Ditability Sigma z m 
Wind apced d e c  
Contaminant C o m m a a t i o m  at Fencdine 

----I -------- ----- ----- ------- -------- 
1.06E-10 Receptor @ Bk 02. 

Non-Radionuclide mglm^3 6.1SE-13 
Radionuclide pCim 3 7.67E-11 
voc4 m d m n 3  9.57E-07 
Initial Coneenhat ioar  of Contaminant# in S o i b  a t  Source 

Radionuclide fDCVd 1.00E+00 
Nm-Radk ( ~ & = - p p )  1.00E+00 
VOCb (ug/g u mm) 1.00E+00 

Note 1: Refaence Memorandum from Tom Tlstinic.Public Health Enginar. on  Fqitive Particulate Embabm, lub 2, 

Note 2 V o c I  are suumd to be completelyvolatilized and emitted hom tbeaoil during thh activity. 
Note 3 Contaminant cmiaaionrata are based on the m u m c d  initial contaminant conantrationa in thcaoil. 
Note 4 Radionucfide are maumd to be dbtributcd only and bomogenbraly In the t op6  inch laya ofaoil. 

1984. Tkough Colorado Department of Health. A i  Pollution Conaol Divirion. 

T a g d  T k a b o l d  Rut 1.00E -06 
T a g d  Thobold H a r a d  l n d a  0.1 



U 

IATCH DROP CALCULATION - TEST PITS - 
D e d R i s k  Est imata  - Radiommclida 

Variable Unit Parameter 

Intake Rate mA3/h  
Intake Duration hrlday 

Frad. Leeward Wind Fador 

===========5 ===== =I===== 

Exposure Paiod Days 

IntakeConcentration pCVm ^ 3  7.678- 11 
IntakdExposure Period pCi 6.72E- 07 

E P A L u L E  

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

2E- 14 
2E- 14 
2E- 14 
3E- 14 
3E- 14 
SE-20 
2E- 18 
4E- 17 
3E- 17 
2E- 1.5 
4E- 16 

NE B 
Dosc/Risk Estirata - Nom- Radiommclides 

Variable Unit Parameter 

IatakeRate m A 3/h 
Intake Duration hrlday 

Frad. Leeward Wind Fador 

===========5 ===== ======= 

E x p u r e  Paiod Days 

IntakeConcentration mglm “3 6.15E- 13 
IntakdExposure Period mg 5.39E-09 
Carcinogen Dose Rate mglkglday 3.01E- 1.5 
Non-Carc. Dose Rate mglkglday 4.228- 14 

ErALACL 

Arsenic 
Bayllium 
Cadmium 
Chromium VI 
a- Hexachlorocyclohexane 
B- Hexachlorocyclohexane 
Hepachlor 
Hepachlor Epoxide 
Aldrin 
Dieldrin 
DDT 
Chlordane (alpha, gamma) 
Toxaphene 

d 0.- 

Barium 
Chromium I11 
Chromium VI 
Manganese 
Mercury 

2E- 13 
3E- 14 
2E- 14 
1E- 14 
2E- 14 
SE- 1.5 
1E- 14 
3E- 14 
SE- 14 
SE- 15 
1E- 1.5 
4E- 15 
3E- 15 

4E- 11 
7E- 09 
7E- 09 
4E- 10 
5E- 10 

D e e l R u k  E s t i r a t a  - VOCE 

Variable Unit 

Intake Rate mA3/h  
Intake Duration hrlday 
Exposure Period Days 
Frad. Leeward Wind Fador 

===========5 ===== 

IntakeConcentration mglm ̂ 3  
IntakdExposure Period mg 
darcinogen Dose Rate mglLglday 
Non-Carc. Dose Rate mg/kg/day 

llmLEc& 
Chlordorm 
Carbon Tetrachloride 
Benzene 
Dicbloromet hane 
1,2- Dichlmoethane 
1,l- Dichlmoethene 
1.3- Dichlmopropene 
1,1.2- Trichlaoet hane 
Bromdorm 
Tetrachlmoethene 
Styrene 
Vinyl Chloride 
1.2- Dichlmoethane 
1,2- Dichlmopropane 
1.1.2.2- Tetrachloroa hane 
2-Chloroe(hyl Ether 
Hexachlorethane 
Hexachlorobutadiene 
2,4,6- Trichlorophenol 
Hexachlorobenzene 

d O m o w  

l,l,l-Trichloroe(hane 
Toluene 
Dichloromethane 
Xylenes 
MEK 
Bromomethane 
Carbon Disulfide 
1,l- Dichlmoethane 
Vinyl Acetate 
1.3- Dichlmopropene 
Chlorobenzene 
Et hylbenzene 
1,4- Dichlmobenzene 
1.2- Dichlmobenzene 
Nitrobenzene 
1.2.4- Trichlorobenzene 
Hexachlorocyclopent adiene 

Parameter ------- - - - - - - - 

9.57E- 07 
8.39E-03 
4.698-09 
6.57E-08 

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

- 1E- 10 
4E- 10 
6E- 10 
9E- 10 
5E-09 
7E- 11 
4E- 10 
5e-11 
8E-09 

2E-08 
1E-07 
7E-08 
7E-07 
7E-08 
3E-06 
2E- 05 
7E-08 
1E-06 
1e-05 
1E-06 
2E-07 
3E-07 
2E-01 
1E- 05 
2E- 06 
3E-04 



I 
1 
I 
I 
I 
I 
E 
I 
I 
I 
II 
1. 
I 
8 
I 
I 
I 
I 
I 

Radionudiden 
Uranium 233 & 234 
Uranium 23s 
uranium 238 
Amtricium 241 
Plutonium 239 & 240 
Tritium (gas). 
strontium 89 
strontium90 
Cesium 137 
Radium 226 
Radium Z28 
Nan -Radionucliden 
Arseaic 
Barium 
Bergllium 
Cadmium 
chromium I I1 
chromiumvl 
MlU3JpCSC 

Mmlny 
Hexachlcrocyclohexane (alpha) 
Hexachlcrocyclohexane (beta) 
Heptachlor 
Heptachlor Epc#ide 
Aldrin 
Dieldrin 
DDT 
Chlardane (alpha, gamma) 
Toxaphene 

1,1,1 -Trichloroethane 
Carbon Tetrachloride 
Benzene 
Toluene 
Dichloromethane 
Xylenes 
MEK 
12-Dichloroethane 
Bromonrethane 
Carbon Disulfide 
1,l -Dichloroethene 
1,l-Dichlorocthanc 
Vinyl Acetate 
1,3-Dichloroppene 
1,1,2-Trichloroethane 
Bromofam 
Tetrachlaoethene 
Chlorobenzene 
Ethylbenzene 
Styrene 
Vinyl Chlcride 
12-Dichloroethane 
12-Dichloroppane 
1,1,2.2-T~t~~hl0rotthant 
2-Chlon~thyl Ether 
1,4-Dichlorobenzene 
12-Dichlorobenzene 
Nitroknzem 
Hexachlaoethane 
1,2,4-Trichlorobenane 
Hexachlmbutadiene 
Hexachlcrocyclopentadiene 
2,4,6-Trichlorophend 

!!& 
2.37E+09 

Hexachlmbe.n&ne 

, I I I 



DESCRIPTION: Tbereiatbebip fa p d i c t m g  fugitive drat embriom during topoil removal 
bvsuaocr b on a n u  man unit bmb ofsoil removed. , .  - r  

Fcr Rsprablc  F i n s  < = l k m  
EHe(tg/Mg) P O.O19kg/Mgof Soil Removed(note 1) 

Variable 

A,ArerS%ect toTcpai l  Remornl 
D. Deptb of Topoil  Removal 
DT, Bulk Dnaityof Soil 
V, Volume of Topoil to be Removed 
T.TotalPcriod of Removal 

I ==PPE=======E=PP= 

MT, Total M s u  of Topsoil Removed 
V O C  Total( note 2) 

317 

13293 
13293 

R m b i o a  a t S o u r c e  (me4 

P o  ticolrm Emissiom from Source kfl& 1.90E-02 
2.21E-07 
l.lOE-01 
1.16E-02 

gk Nm-Radionuclide (soli&) Embrlon Rate 

VOQI Emision Rate 
Radionuclide Embsion Ratc(note 4) PC* 

N u e  1: R d u e n c e  Memorandum from TomTbtinic,Publii Healtb Engineer. on FugitiveParticubte Embrioe. Jub 2, 

NUc 2:VOC.are a u u m d  to be completclyvolatilized andemittcd from tbesoil duringtheremoval activity. 
NUe 3: Contaminant emiuionrata are based on tbe auumed initial contaminant conentratbm in tbesoil. 
Note 4 RadionucGda are msumd to be dirtributcd onlyand bomogeniolsly m the top6 incb iaya ofsoil. 

1984. lkougb Colorado Department of Healtb. A t  Pollution Conaol Division. 

P variablcarequring input 

Variable Unit P a a m a u  R e m a t  

Ql,  Embsion Rate - Non-Radwnuclids e=. 2.21E-07 Recepta @ 
Q2. Embsion Rate - Radionuclida pc*ec. l.lOE-01 2.9 t m  
Q3, Eminion h t e  - V O O  g e e .  1.16E -02 
P i  3.14 
Sigma y m Clan Dstability 
Sigma z m C h i  Dstability 
Wmdspeed mhec 
Contaminant Conecntratioa at Pencdine 
Non-Radionuclide mdm"3 1.298-09 

----------*------- -I--- ------- -------- 

Radionuclide pCilm 3 6.438-07 
voa m d m ^ 3  6.178 -OS I 
initial Concentrations of Contammanu in Soib  at Source 

Radionuclide (pcifg) 1.00E+00 
Nm-Radb (ug/gar ppm) 1.00E+00 
VOO (n& Q w m )  1.00E+00 

T a l a  T k a b o l d  R b t  1.00E-06 
T a g d  T k a b o l d  H a r a d  l n d a  0.1 



Dose/Risk Estimates - Radiomact ida  

Variable Unit Par am et er 

Intake Rate m A 3lh 
Intake Duration hrlday 

Fract. Leeward Wind Factor 

IntakeConcentration pCi/m ^ 3  6.438-07 
IntakJExposure Period pCi 5.63E- 03 

===========5 ===== = = = = = = =  

Exposure Period Days 

J iWLLLE 

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

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

DoselRisk Estirata - Nom-Radiomact ide~~ 

Variable Unit Parameter 

Intake Rate mA3/h  
Intake Duration hrlday 

Fract. Leeward Wind Factor 

Intake Concentration mglm ̂  3 1.29E- 09 
IntakeExposure Period mg 1.13E-05 
Carcinogen Dose Rate mg/kg/day 6.30E- 12 
Non-Carc. Dose Rate mgllglday 8.81E- 11 

-- --------- - - - - -__-__-  5 ===== ======= 

Exposure Period Days 

F i P A u x A  

Arsenic 
Bayllium 
Cadmium 
Chromium VI 
a- Hexachlorocyclohexane 
B- Hexachlorocyclohexane 
Heptachlor 
Heptachlor Epoxide 
Aldrin , 
Dieldrin 
DDT 
Chlordane (alpha, gamma) 
Toxaphene 

3E- 10 
SE- 11 
4E- 11 
3E- 11 
4E- 11 
1E- 11 
3E- 11 
6E- 11 
IE- 10 
1E- 11 
2E- 12 
8E- 12 
7E- 12 

d 0.- I 
Barium 
Chromium 111 
Chromium VI 
Manganese 
Mercury 

9E- 08 
2E- OS 
2E- OS 
8E-01 
1E-06 

D m d R i s k  Est imates  - VOCS 

Unit Variable 

Intake Rate m ^ 31h 
Intake Duration hrlday 
E x p u r e  Period Days 
Frad. Leeward Wind Factor 

Intake Concentration mg/m A 3 
IntakdExposure Period mg 
Carcinogen Dose Rate mg/kg/day 
Non-Carc. Dose Rate mglkglday 

- -__- _ _ _ _ _ _ _ _ _ _ _ -  __ - -_  

IimJAGE 

Chlordorm 
Carbon Tetrachloride 
Benzene 
Dichlaromet hane 
1,2- Dichluoethane 
1,l- Dichluoethene 
1.3- Dichluopropene 
1.1.2- Trichlorod hane 
Bromdorm 
Tetr achloroethene 
Styrene 
Vinyl Chloride 
1.2- Dichluoethane 
1,2- Dichluopropane 
l,l,Z,2- Tetrachloroei hane 
2-Chlaroefhyl Ether 
Hexachlorethane 
Hexachlorobutadiene 
2,4,6- Trichlorophenol 
Hexachlorobenzene 

d 0.0- 

1,1,.1- Tr ic hlor oet ha ne 
Toluene 
Dichloromet hane 
Xyienei 
MEK 
Bromomethane 
Carbon Disulfide 
1,l- Dichluoethane 
Vinyl Acetate 
1,3- Dichluopropene 
Chlorobenzene 
Ethylbenzene 
1,4- Dichluobenzene 
1,2- Dichlorobenzene 
Nitrobenzene 
1.2.4- Trichlorobenzene 

Parameter - - - - - - - - - - - - - - 

6.118- OS 
5.93E- 01 
3.31E- 07 
4.648-06 

3E-08 
4E-08 
'1E-08 
IE- 10 
3E- 08 
4E-01 
4E-08 
2E-08 
1E-09 
6E- 10 
7E- IO 
1E-08 
3E-08 
4E-08 
7E- 08 
4E-01 
SE-09 
3E- 08 
4E-09 
SE- 01 

2E-06 
8E- 06 
SE-06 
SE-OS 
SE-06 
2E-04 
2E-03 
SE-06 
8E- OS 
8E-04 
9E-OS 
2E- 05 
2E- 05 
1E- OS 
8E-04 
ZE- 04 

Hexachlorocyclopent adiene 2E-02 



Thrrebold cmc. Thrtehold cmc 
Radionuelidea 
UraniumZ33&P4 
uranium235 
Uranium 238 
Americium 241 
Plutonium z39 & 240 
Tritium (pa)" 
strontium 89 
strontium 90 
Cesium 137 
Radium 226 
Radium 228 
Ncm -Radionuelidea 
Arscaic 
Barium ' 

Beryllium 
Cadmium 
chromium I11 
chromiumw 
Wgan= 
M a l n y  
Hexachlcrocyclohexane (alpha) 
Hexachlcrayclohewne (beta) 
Heptachlor 
Heptachlor E p i d e  
Aldrin 
Dieldrin 
DDT 
Chlcrdane (alpha, gamma) 
Toxaphene 
VOG & Semi-VOCs 
Chloroform 
l,l,l-Trichloroethane 
Carbon Tetrachlaide 
Beazene 

Dichlommethane 
Xylenes 
MEK 
12-Dichloroethane 
Bromomethane 
Carbon Disulfide 
1,l -Dichloroethene 
1,l -Dichloroethaae 
Vinyl Acetate 
1,3-Dichloroppene 
lJ2-Trichloroethane 
Bromofam 
retrachloroethene 
Chlorobenzene 
Ethylbenzene 
Styrene 
Vinyl <3hlaide 
1.2-Dichlorcethane 
1,2-Dichloroppane 
l,l,Z,Z-Tetrachlo~thane 
Z-ChlOroethyl Ether I 
1,4-Dichlorobenzene 
12-Dichlorobenzene 
Vitrobenzem 
Hexachla-oethane 
l,Z,4-Trichlorobenzene 
Hexachlorobutadiene 
Hexachlcrocyclopentadiene 
1.4.6-Tnchloro~hend 

roiwne 

PmL 
6.58Ei-03 
7.10Ei-03 
7.40Ei-03 
4.44Ei-03 
4.33Ei-03 
2.28E- 
612EM7 
3.17E+06 
3.62E+06 
5.92E+04 
2.73Et05 

3.18Ei-03 

1.89E+04 
260E+04 

3.87E+04 

!?& 

252E+04 
8.&?E+04 
353E+04 
1.75E+04 
9.34Ei-03 
9.93E+04 
4.67Ei-05 
122E+05 
1.44E+OS 

3.73EM1 

2.32EM1 
1.01EM 

151Ei-03 

!!!a!K 

332EM1 

2.51E+00 

232EM1 
5.29EM1 
7.74EM 
1.68Ei-03 

1.51Ei-03 
1.04E+02 
3.3;2E+01 
2.32EM1 
1.51EM1 
2.74E+00 

2.16EM 

3.87EM1 

2.74EM 

!?& 
1.13E+06 

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

!!& 

6.47E+04 

216E+04 
123Ei-03 
129E+02 

l.WEi-03 
6.47EM3 

4.31Ei-03 
8.62Ei-03 
1.29E+02 

6.47E+02 

4.31Ei-00 

H&chlorober&ne 1.89E+00 

I I 
1 



........................ ...................... .......................................... .......................... DESCRIPTION: The equation for bat& Ctop opaations pdicb emiuion factas b e d  on particlesize. .................................. ...................... .= variablarequcing input 
silt content, windspeed, Ctop bcight. mobture content, and dumping devicecapacity. 

Tlrnsr  XI0 
Contaminant D b p a r i m  
Variable Unit P a a m e t a  Remlrt  

01, Embion Rate - Non-Radionuclide8 
Q2. Emmion Rate - Radwnuclida 
Qf Emiaion Rate - VOCJ &e. 0.00E+00 
P i  3.14 

liar Dstability Sigma y 
Sigma z m hi Dstability 
Windspeed m i h s  4.1 
Cantamhunt Concmtratiom at Pencdine 
Nm-Radionuclide mg/mA3 1.26E-11 
Radionuclids pCilm-3 6.318-09 

------------------ ----- ------- --------I .  

2.17E-09 R s e p t U  @ 
LOPE-03 2 9 k m  

lw. 
pciha. 

VOQ mplm-3 0.00E+00 

F u  R s p i a b l e  F ine  e -1Sum. K = 0.48 
EHE(tg/Mg) = r c ( 0 . o o o S ) [ ( ~ S ~ U / 2 . ~ ( H / 1 . ~ ~ ( ~ ~  A2(Y/4.6)A.33) (note 1) 

Variable 

1. U t  Content 
U, Mean Wind Speed 
H. h o p  Height 
M, Moisture G n t m t  
Y. Buctct Capacity 
T.TotalPaiod of Unloading 
D. Depth of Excavation 
A. Area of Topoil Removed 
DT, Bulk Demityof Soil 
MT. Tolal Mara of Topsoil 
WOCTotal(nde2) 

==P==P==== I==P=PP= 

P a a m e t a  

0.0 

Emhiom at S o u r c r  (note 3) 

Particdim Emiaiom from Sollrce kemcs 1.878-04 
2.17E-09 
1.09E-03 
0.00E+00 

e '  Nm-Radionuclide (soli&) Emiuion Rate 

V O Q  EmbsionRate 
Radionuclide Emhrion Rate(note 4) Pch 

N a e  1: Reference Memorandum from TomTbtinic.Public Health Engineer, on FugitivePaniculate Embtiom. July 2, 

Note 2VOCs are rsrumd to be completelywlatilircd and emitted kom tberoil during tberemovsl bysuapa  activity. 
Note 3: Contaminant embr ionra ta  are bared on the rsrumed initial contaminant concmtratiom in tberoil  
N a e  4 RadionucSda are aarumd to be distributed only and homogeniorsly in the top 6 Inch b y a  ofsoil. 

19M. Though Colorado Department of Health, A t  Pollution Coneol Divbion. 

\ , 

Radionuclide (pcilg) 1.00E+W 

VOCJ (u& a ppm) 0.00E+00 
Nm-Radb (ug/gor ppm) 1.00@+00 

T a g &  Tbrahold R b k  1.00E-06 
T q &  Tbrahold Harad lnda  0.1 



'OPSOIL UNLOADING BY SCRAPER (BATCH 
D-eIRbk Estimates - Radiommclides 

Variable Unit Parameter 

Intake Rate m"3I l r  
Intake Duration - hrlday 

Frsd.  Leeward Wind Fador 

IntakeConcentration pCi/m "3 6.31E-09 
IntakdExposure Period -pCi 5.53E-OS 

===========s = = = E =  ======= 

E x p u r e  Period Days 

I iWLELE 

Uranium 233 C 234 
Uranium 235 
Uranium 238 
Americium 241 
Plutonium 239 & 240 - 
Tritium (gap)** 
Strontium 89 
Strontium 90 
Cerium 137 
Radium 226 
Radium 228 

1E- 12 
IE- 12 
IE- 12 
2E- 12 
2E- 12 
4E- 18 
2E- 16 
3E- IS 
3E- IS 
2E- 13 
4E- 14 

ROP) - ZONE B 
DecIRisk Estimates - Nom- Radiom8clidea 

Variable Unit Parameter 

Intake Rate m " 3 1 b  
Intake Duration hrlday 

Frad. Leeward Wind Pador 

Intake Concentration mglm " 3 1.26E- 11 
IntakdExposure Period mg l.llE-07 
Carcinogen Dose Rate mgltglday 6.19E- 14 
Non-Carc. Dose Rate mglkglday 8.668- 13 

= = = = = = = = e = = -  ====I ======I 
. .  

i E x p u r e  Period Days 

I iMLuaL 

Arsenic 
Bayllium 
Cadmium 
Chromium VI 
a- Hexachlorocyclohexane 
B- Hexachlorocyclohexane 
Hepachlor 
Hepachlor Epoxide 
Aldrin 
Dieldrin 
DDT 
Chlordane (alpha, gamma) 
Toxaphene 

Barium 
Chromium 111 
Chromium VI 
Manganese 
Mercury 

3E- 12 
SE- 13 
4E- 13 
3E- 13 
4E- 13 
IE- 13 
3E- 13 
6E- 13 
1E- 12 
IE- 13 
2E- 14 
8E- 14 
7E- 14 

915- i a  
2E-07 
2E-07 
8E-09 
1E-08 

D ~ e l R b k  Es t imda  - VOC. 

Variable Unit 

stake Rate m"31b 
'ntake Dnration hrlday 

Frsd. Leeward Wind Pador 

============ ===== 

Exparure Period D v  

:ntakeConcentration mglm "3 
lntake/Expure Period mg 
Zarcinogeo Dose Rate mgltglday 
Non-Care. Dose Rate mgltglday 

iimuLcA 

Ehlordorm 
Earboo Tetrachloride 
Benzene 
Dichlaomethane 
1.2- Dichluoethane 
1.1- Dichluoethene 
1.3- Dichluopropene 
1,1,2-Trichlaodhane 
Bromdorm 
l'etrachlcroethene 
Styrene 
Vinyl Chloride 
1,2- Dichlcroethane 
1,2- Dichluopropane 
1,1,2,2- Tetrachloroet hane 
2- Chlorod hyl U her 
Hexachlorethane 
Hexachlorobutadiene 
2,4,6- Trichlorophenol 
Hexachlorobenzene 

1,1,1- Trichlorod hane 
Toluene 
Dichloromethane 
Xylene 
MEK 
Bromomethane 
Carbon Disulfide 
1,l- Dichlcroethane 
Vinyl Acetate 
1.3- Dichluopropene 
Chlorobenzene 
Et hylbenzene 
1.4- Dichlorobenzene 
1,2- Dichluobenzene 
Nitrobenzene 
1,2,4 - Tr ic hlor obenze ne 
Hexachlorocyclopent adiene 

Parameter ------- ------- 

O.00E + 00 
O.OOE + 00 
0.00E+00 
O.00E + 00 

OE+OO 
OE+OO 
OE+OO 
OE+OO 
OE+OO 
OE+OO 
OE+OO 
OE+OO 
OE+OO 
OE+OO 
OE+OO 
OE+OO 
OE+OO 
OE+OO 
OE+OO 
OE+OO 
OE+OO 
OE+OO 
OE+OO 
OE+OO 

OE+OO 
OE+OO 
OE+OO 
OE+OO 
OE+OO 
OE+OO 
OE+OO 
OE+OO 
OE+OO 
OE+OO 
OE + 00 
OE + 00 
OE+W 
OE+OO 
OE + 00 
OE+W 
OE+OO 



' I  
I 
I 
I i 
I 

1 

I 
c 
I 
B 
I 
I' 
I 
1 
1 
I 

I 
I 
I 
B 

I 

I 
I 

I 

I 

i 

Uranium238 
Americium 241 
Plutonium 239 si 240 
Tritium (gas)' 
Strontium 89 
Strontium 90 
Cesium 137 
Radium 226 
Radium 228 
Non -Radionuclidts 
Arsenic 
Barium ' 

Bcrgflium 
Cadmium 
chromium Ill 
Chromiumw 
M a l l p e s t  
Mmury 
Hexachlcrocyclohexane (alpha) 
Hexachlcrocyclohexane (beta) 
Heptachlor 
Heptachlor E p i d e  
Aldrin 
Dieldrin 
DDT 
Chlu-dane (alpha, gamma) 
Toxaphene 
VOQlBt Semi-VOCs 
ChlOrOfOrlll 
1,1,1 -Trichloroethane 
Carbon Tetrachlcride 
Benzene 
Toluene 
Dichloromethane 

MEK 
1.2-Dichloroethane 
Bromomethane 
Carbon Disulfide 
1,l -Dichloroethene 
1,l- Dichlorotthant 
Vinyl Acetate 
13-Dichloroppene 
1,1.2-Tnchlorcethane 
Bromofam 
Tetrachlawthene 
Chlorobenzene 
Ethylbenzene 
Sty-ene 
Vinyl Chlaide 
1.2-Dichloroethane 
1,2-Dichloroppane 

xyltnw 

1,1,2,2-Ttt~1~hlo~~thant 
2-Chlomthyl Ether 
1,4-Dichlorobenzene 
1.2-Dichlorobenzene 
Nitrobenzene 
Hexachloroethane 
1,2,4-Trichlorobenzent 
Hexachlorobutadiene 
Hexachlcrocyclopentadiene 
2.4.6-Tnchloro~knd 

P s u  
6.70E+05 
723E+05 
7.53E+05 
4.52E+05 
4.41E- 
232E+11 
6.23E-W) 
323E+08 
3.69E+O8 
6.03E+06 
278E-W 

d3.23E+05 

1.92E+06 
2.65E+06 

3.94E+06 

257E+06 
8.98EM 
3 5 9 E M  
1.78E+06 
9.51E+05 
1.01E-W 
4.76E-W 
1.24E-W 
1.47E-W 

E& 
NJA 
NIA 
NIA 
NIA 
NIA 
NIA 
NJA 
NIA 
NIA 
NIA 
NIA 
NIA 
NJA 
NIA 
NIA 
NIA 
NIA 
NIA 
NJA 
NIA 
NIA 
NIA 
NIA 
NIA 
NJA 
NIA 
NIA 
NIA 
NIA 
NIA 
NJA 
NIA 
NIA 
NIA 

E& 
NJA 
NIA 
NIA 
NIA 
NIA 
NIA 
NJA 
NIA 
NIA 
NIA 
NIA 
NIA 
NJA 
NIA 
NIA 
NIA 
NIA 
NIA 
NJA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 

Hekhlorobelvikne NIA NIA 

I I 



DESCRIPTION: Thcrclatiorsbip for Fcdicting fugitive dvlt emwions during topoil  tmnrpatation 
by scraper is b a e d  on thesilt content of thesoil and the mean s u a p u  slight. 

F u  R e p r a b l e  Fine c =lSum 
EHF(t@ W=2.2E-6*(1) A1.4*(W)AA25(notc 1) 

Variable Unit P R a m a U  
PEP== O O P P I I P E P P P O P  ana== ====a== 

&Are8 Sntject t o T c p d  R e m 4  m - 2  
D, Deptb of Topoil Removal 
DT, Bult Demityof Soil 
V.Volumeof Topoll to be Removed ('Uanpated) 
T,TotalPeriod of Paraporting k 317 
Total Numberof Round ' Itip(Aarumes~aperCap.=10.7mA3) 
I,  Silt Content 56 
W. Mean S u a p a  Weighl ME 
RT, Round 'Itip Distance tm 
MT. Total MESS of Topoil ' I t a m p l e d  ME 13293 
V O C  Total E 0 

m 
Mglm A 3 

m A 3  

I E m i u i o a  atSourer (notc3)  

P n  ticdam Emiprians hom Source k@KT a . 7 3 ~ + 0 0  

Radionuclide Embrion Rate(note 4) PCJ 
1.16E-OS 
L34E+01 
O.ooE +oo 

Bh. Nm-Radionuclide (soli&) Emiuion Rate 

V O a  Embsion Rate 

N d e  1: Rcfuence Memorandum from TomTbtink.Publk Health Engineer. on FugitivePaniculate Emirbm. Juty 2, 

Ndc 2VOCs embskmr arc maumed-to be negligable during thb activity. 
N d e  3: Contaminant emission rates are based on the maumed initial contaminant conantratiom in tbe roil. 
NUe 4: Radionuclda are assumed to be dbtributed only and homogenbdy in the top 6 inch layu ofsoil. 

1984. llrough Colorado Department of Healtb.AtPollution Conhol Divbbn. 

= variablarequking input 

Tuncn  NQ 
Contaminant D b p a s i m  
Variable 

Q1,Emiuion Rate - Non-Radionuclids 
02, Emkion Rate - Radionuclides 
Q3. Emiprion Rats - V O O  
Pi 
Sigma y 
Sigma z 
Windrpeed 
Contaminant Conemhat iom at Penceline 
Nm-Radionlrlide 
Radionuclide 

Initial Concentrations d Contaminanla in Soik at Source 

~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ 0 0 0 0 0  

VOQ mp/mA3 O.ooE +oo I 
Radionuclide (pCUg) l.WE+OO 

0.ooE +oo 
Nm-Radb (Uglgff ppm) 1.00E+00 
V O O  (n& a ppm) 

Unit ----- ea. 
pclhec. 

@ec. 

m 
m 

mh ee 

mglm A 3 
vCUm 3 

T a g d  T k a b o l d  R b t  1.WE -06 
T a g &  Tkahold Huad l n d a  0.1 

P r x a m a u  R e m a t  
-I--.-- --------*I 

1.16E-OS Raeptcr @ 
2.34E+01 2.9 t m  
O.ooE +oo 

3.14 
b s  Dstability 
b a  Dstability 

I 6.778 -08 
1.36E-04 



PRINCIPAL CONTAMINANTS - PESTICIDEWCBS 0 
1 Hwachlorocyclohexane (alpha) 

Hwachlomcyclohexane (beta) 
Heptachla 
Heptachla Epoxide 

Dleldln 

Chlorrtene (alpha, gamma) 
Toxiphene 

8 Aldrin 

D DT 

I 

Intormation 
source 

6.3 
1.0 
4.5 
9.1 
17 
1.6 

0.34 
1.3 
1.1 
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A.2.1 INTRODUCTION 

The developed activity scenarios were selected based on the expectation that 

their performance will contribute sigmficantly 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 insigmficant emission sources. Presentation of this information to the 

working group resulted in the following activities: 

0 Drilling 
0 Light vehicle traffic 
0 Heavy vehicle traffic 

0 Major excavation 
0 Minor 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 Traf€ic Light vehicle traffic is general activity support traftic (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 (kgNKT) = K (1.7) (s/12) (S/48) (W/2.7)'a7 (w/4)OS (365-p)/365 

m =  Vehicle Kilometer Traveled 
K = aerodynamic particle size multiplier (0.45) 
S = silt content of road surface material (%) 
S = mean vehicle speed (km/hr) 
W = mean vehicle weight (Mg) 

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

- - W 
= 

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: 

A-2-2 DRAFl? 



Y 

2 (tie) 

Variable Assumed Value 

w, Mean No. of Wheels Increase 

s, Silt Content Increase 

1 

4 

5 

S 
W 

P 
W 

S, Vehicle Speed Increase 

P, Precipitation Decrease 

16 km/h (10 mph) 
2.7 Mg (~6000 lbs) 
4 
40 

A siplple 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 (Le., 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. 

II 1 I W, Mean Vehicle Weieht I Increase II 

A-2-3 
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FIGURE 1 

Sensitivity Analysis - Vehicle Traffic Model 
3 

2 

L 
0 
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03 
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0 
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Vehicle Speed, km/h 

0 4 8 12 16 20 24 28 32 36 40 
2 6 10 14 18 22 26 30 34 38 

Unit 
Silt Content, % Vehicle Weight, Mg 

- - - - - -  ........... 

Prec. > =0.254mm/y 
-..-..-. 

No. of Wheels 
- - -  



It has been assumed that the soil being disturbed by vehicle traffic contains no 

VOCs; therefore, this activity does not contribute to potential VOC intake by off-site . 

receptors. 

Heavy Vehicle Traffic: Heavy vehicle traffic is identical to light vehicle traffic with 

the exception that this classification of vehicle traffic assumes that the total vehicle 

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

Minor Excavation: Minor excavation refers to an excavation that 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: 

\ 

(d5) (W.2) (W1.5) 
Emission (kg/Mg) = K (0.0009) 

K = aerodynamic particle size diameter (0.48) 
S - silt content of material, % 
U = mean wind speed, m/s 
H = drop height, m 
M = material moisture content, % 
Y = dumping device capacity, m3 

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 

i 
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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 

m3 which is 113 the bucket capacity for a Caterpillar Model 416 (Caterpillar, 1989). 

1 

2 

3 

4 

5 

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. 

M, Moisture Content Decrease 

H, Drop Height Increase 

U, Mean Wind Speed Increase 

s, Silt Content Increase 

Y, Bucket Volume Decrease 

VOCs are assumed to be distriiuted 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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FlGURE 2 
Sensitivity Analysis - Backhoe Operations Model 
70 - - - - 
tjo - .......................................... ................................................................ - - - - 
50 -............................... ........... ................................................................ - - - - 

.......................................... 40 - ................................................................ - - - - 
.................................... 30 -...... ................................................................ - NOTE: T h s ~ f o e E D n r f u ~ r r p i s a r s  - c o r t a a n d t a d Q t v & m & h a ~ h t h  - aigbn-mappanh-. - 
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L ...................... 
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0 - 0 -  ........ - 
Mean Wind Speed, d s  Drop Height, m -..-.. -- 
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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 k m g  

Transportation by scraper 

Emission (kgNKT) = 2.2 E-6 (s)le4 (v2’ 
s = silt content, % 

W = mean vehicle weight, Mg 

Unloading by scraper (Batch Drop) 

(s/5) (W2.2) (Wl.5) 
Emission (kg/Mg) = K (0.0009) 

(M/2)2 (YB.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 m3 (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 m3 (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. 
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FIGURE 3 
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M E M O R A N D U M  

To : A l l  * I n t e r e s t e d  P a r t i e s  
Through: Colorado Department of  H e a l t h ,  Air P o l l u t i o n  C o n t r o l  D i v i s i o n  

From: . Tom T i s t i n i c ,  P u b l i c  H e a l t h  Engineer  

S u b j e c t :  F u g i t i v e  P a r t i c u l a t e  Emissions 

Date: J u l y  2 ,  1984 

I 

Attached f i n d  t h e  upda ted  c o m p i l a t i o n  of  f u g i t i v e  p a r t i c u l a t e  emis s ion  
f a c t o r s  recommended f o r  u s e  i n  e s t i m a t i n g  e m i s s i o n s  from mining a c t i v i t i e s .  
To avo id  confus ion  and m a i n t a i n  c o n s i s t e n c y ,  i t  i s  recommended t h a t  t h e  EPA's 
Compilation of A i r  P o l l u t a n t  Emission F a c t o r s  (AP-42) be  used  whenever 
a p p l i c a b l e .  Those S e c t i o n s  of  AP-42 a p p l i c a b l e  t o  t h i s  c o m p i l a t i o n  are  
a t t a c h e d  f o r  e a s y  r e f e r e n c e .  ' I n  some cases, w e  recommend a d d i t i o n a l  f a c t o r s  
when one i s  needed and i s  n o t  i n c l u d e d  i n  AP-42- 

When e s t i m a t i n g  e m i s s i o n s  t h e  f a c t o r s  f o r  t h e  s p e c i f i c  material be ing  mined 
should be used. .For i n s t a n c e ,  when p r o c e s s i n g  a c o a l  mine p e r m i t ,  u s e  a l l  
f a c t o r s  l i s t e d  i n  t h e  Western S u r f a c e  Coal Mining S e c t i o n .  However, i f  no 
emis s ion  f a c t o r  f o r  a c e r t a i n  a c t i v i t y  i s  g iven  i n  a s p e c i f i c  mater ia l  
s e c t i o n ,  you may refer t o  a n o t h e r .  Fo r  example,  when p r o c e s s i n g  a s t o n e  
q u a r r y i n g  p e r m i t ,  t o  o b t a i n  a f a c t o r  f o r  v e h i c l e  t r a f f i c  on unpaved r o a d s  you 
w i l l  r e f e r  t o  t h e  Unpaved Roads s e c t i o n .  

The f a c t o r s  a r e  grouped i n t o  n i n e  major s e c t i o n s  a s  f o l l o w s :  

I. Emission F a c t o r s  a p p l i c a b l e  t o  a l l  Mining O p e r a t i o n s  

11. Western S u r f a c e  Coal Mining 

111. Sand and Gravel  P r o c e s s i n g  

IV. Stone Quarrying and P rocess ing  

V .  Y e t a l l i c  ! f ine ra l s  P r o c e s s i n g  ( u s e  f o r  molybdenum and uranium 
p r o c e s s i n g )  

VI. Unp2ved Roads 

V I I .  Paved P,oads 

1'111. Aggregate San- l ing  and S t o r a g e  P i l e s  
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I X .  Appendices 

A. P a r t i c l e  S i z e  D i s t r i b u t i o n s  

E. Contro l  E f f i c i e n c i e s  

C. Usefu l  Weights and Measures 

D. M e t e o r o l o g i c a l  Data 

E. A d d i t i o n a l  F a c t o r s  

Fol lowing  some s e c t i o n s  a r e  a d d i t i o n a l  f a c t o r s ,  p a r t i c l e  s i z e  
d i s t r i b u t i o n s  and o t h e r  d a t a  recommended for u s e  by t h e  APCD. 

These f a c t o r s  should  be used w i t h  t h e  f o l l o w i n g  p r o v i s o s :  

1. The f a c t o r s  should  be combined w i t h  a d e p o s i t i o n  f u n c t i o n  i n  t h e  
4 

model. For  t h i s  r e a s o n ,  e m i s s i o n s  should  be estimated f o r  a 
minimum 'of t h r e e  p a r t i c l e  s izes ,  e.g. ~ 3 0  um (or TSP), <15  or < l o ,  
and <5 o r  C 2 . 5 .  Of c o u r s e ,  t h e  more d e t a i l e d  t h e  d i s t r i b u t i o n ,  t h e  
g r e a t e r  t h e  model accuracy .  

2 .I The f a c t o r s  do n o t  c o n s i d e r  any  r e d u c t i o n  f o r  p i t  r e t e n t i o n .  
P r e l i m i n a r y  d a t a  i n d i c a t e  under  c e r t a i n  s t a b i l i t i e s  w e  could  
e x p e r i e n c e  no p i t  r e t e n t i o n ;  t h e r e f o r e ,  p i t  r e t e n t i o n  should n o t  be 
cons idered  u n t i l  f u r t h e r  d a t a  is p r e s e n t e d  t o  t h e  c o n t r a r y .  (1) 

3. Days w i t h  r a i n  
f r e e z i n g  ( d u r i n g  t h e  e n t i r e  working d a y )  should  be c o n s i d e r e d  when 
c a l c u l a t i n g  a n n u a l  emiss ions .  

(2 .01 i n c h e s ) ,  snow c o v e r  and t e m p e r a t u r e s  below 

4. Genera l ly  s p e a k i n g ,  t h e  f a c t o r s  were developed based on t h o s e  
p a r t i c l e s  c o l l e c t e d  by t h e  hi-vol  sampler ,  which a r e  c o n s i d e r e d  t o  
be less  than  30 microns i n  s i z e .  

5 .  T o t a l  annual  e m i s s i o n s  should  be c a l c u l a t e d  for t h e  e s t i m a t e d  y e a r  
of g r e a t e s t  a c t i v i t y .  N a t u r a l l y  some f a c t o r s  such a s  c r u s h i n g  . _  
should be used i n  combinat ion w i t h  t o t a l  annual  work days ;  and some 
f a c t o r s  such a s  wind e r o s i o n  should  be a p p l i e d  '365 d a y s l y e a r .  

6. Data from AP-42 u n l e s s  o t h e r w i s e  i n d i c a t e d .  Other  r e f e r e n c e s  
i n d i c a t e d  w i t h  p a r e n t h e s e s ,  ( ) ,  f o l l o w i n g  t h e  f a c t o r .  

-2- 
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SECTION I - 

EHISSlON FAClORS At'I'I.1CARI.E TO A1.L N l N I N C  OPERATIONS 

A c t l v l t y  M s i c r l n l  TSP ( 3 0  i t m )  ' 15 rim '2.5 um U n l t s  Varlahlcs/Commonts 

- 
Topsol I l landl lng 

a. Removal hy scraper Topsol  1 0.058 0.038 0 0.0103@ Ih /T  

h. l la i i l  Ing hy -scraper A I  1 2.7 x 10- '( R ) ' '( v ) ' 6. 2 x  I n-6( ?1 ) I - 4 (  w ) 2 . 5  0.026 X TSr  Ih/WlT s-SIlt-7.2-25.2Z (16.4 mcnn) 
W-Velplit=36-70 tons (53.8 mean) 

C. Uii loadlnf i  hy scraper Topf io l l  0.04 0.026 0 0.007@ Ih /T  

11. Storap,r? A l l  exposed 0 . 3 A  
Arean 

0.25 0 0.06R @ T/ (ac rc ) ( y r )  

n r l l l  lng 
I 
W 
I 

Over burden 
o r  1.3 
Orc 

0 . 5 6 0  0.0325 @ I b / h o l e  

Con 1 0.22 0.095 a 0.0055 @ Ib / l t o le  

Rock 0.26 (2) 0.I lQ 0.006S@ I b / l i o le  0.0013 lh / ton qciarr led ( 3 )  

A I  I 255fI(A) 0 .6  (O.OJ)( TSP) 1 b/ b l a s t  A=Area=1,000-100,000 f t , 
(19.000 mean) 

Ovc r l i i r dcn  Rr?movn 1 URC appllcnhle fnct 'orn I n  c o a l  Hlnlng Sec t lon  for e l t h e r  d reg l i ne ,  b u l l d o z e r  o r  scraper.  

*lJ U s c ~ l  hatch l oad  otic p n r t l c l e  R I Z ~  d l s t r l h u t l o n  (See Sect lon  '4111) 
421 Usrcl nvt.rap,e con1 mlne p a r t t c l e  RIZC d l n t r i h t i t l o n  (See Appendlx A )  



. SECTION XI 

8 . 2 4  WESTERN SURFACE COAL MINING 

8 . 2 4 . 1  General 1 

There are  12 major coal  f ie lds  i n  t,.e western s t a t e s  (exc luding the 
P a c i f i c  Coast and Alaskan f i e l d s ) ,  a s  shown i n  Figure 8 .24 -1 .  Together, 
they account f o r  more than 64 percent of the sur face  minable coa l  reserves  

COAL TYPE 
I LIGNITE rn 

SUBBITUHINDUS 0 
BIfunIMOUS Q 

2 
3 
L 

5 
' 6  

0 
9 

iC 
11 

I - 

.. 
L- 

C o d  f i e l d  

Fort Union 
Povdar River 
North Concrd 
Bighorn Basin  
Ulcd River 
0- Fork 

Souchwescarn Utah 
S a n  J u n  River  
b t o o  3ssa 
Denvar 
Srceo River 

U h t A  

Scripprble resamas  
(100 cons) 

23.53 
56. ;:7 

A l l  underground 
A l l  underground 

3 
1.000 

3 08 
226 

2,318 ' 

nL1 undertround 
Ul undcrgroud 

2.120 

i 

F i g u r e  8.24-1. Coal f i e l d s  o f  t h e  w e s t e r n  U.S.3 

Minc r a  1 Products Iridus t ry 5 / 8 3  
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. .  
i n  t h e  Unitell S t aLes . '  The  12 coal- . f i e l d s  have v a ~ g i n ~ - c ~ a r a ' ~ t e r i s t i c s  
v h i c h  may . i n f l u e n c e  f u g i t i v e  d u s t  e m i s s i c l n  r a t e s  from mining o p e r a t i o n s ,  
i n c l u d i n g  overburden  and c o a l  seam t h i c k n e s s e s  and s t r u c t u r e ,  mining r q u i p -  

m o i s t u r e ,  wind speeds  and t e m p e r a t u r e s .  The o p e r a t i o n s  a t  a t y p i c a l  ues t -  
ern s u r f a c e  miire a r e  shown i n  F i g u r e  8 . 2 4 - 2 .  A l l  o p e r a t i o n s  t h a t  i nvo lve  
movement o f  s o i l ,  c o a l ,  o r  equipment ,  o r  exposure  o f  e r o d i b l e  s u r f a c e s ,  
g e n e r a t e  some amount of  f u g i t i v e  d u s t .  

.: . m e n t ,  o p e r a t i n g  p r o c e d u r e s ,  t e r r a  i n ,  v e g e t a t i o n ,  p r e c i p i t a t i o n  and s u r f a c e  ... . 

The i n i t i a l  o p e r a t i o n  i s  removal of  t o p s o i l  and s u b s o i l  w i t h  l a r g e  
s c r a p e r s .  The t o p s o i l  is c a r r i e d  by t h e  s c r a p e r s  to cove r  a p r e v i o u s l y  
mined and r eg raded  a r e a  a s  p a r t  of t h e  r e c l a m a t i o n  p r o c e s s  o r  i s  p l a c e d  i n  
temporary  s t o c k p i l e s .  The exposed ove rburden ,  t h e  e a r t h  which i s  between 
t h e  t o p s o i l  and t h e  c o a l  seam, i s  l e v e l e d ,  d r i l l e d  and b l a s t e d .  Then t h e  
overburden  m a t e r i a l  is removed down t o  t h e  c o a l  seam, u s u a l l y  by a d r a g l i n e  
or J s h o v e l  and t r u c k  o p e r a t i o n .  I t  i s  p l a c e d  i n  t h e  a d j a c e n t  mined c u t ,  
forming a s p o i l s  p i l e .  The uncovered c o a l  seam i.s t h e n  d r i l l e d  and 
b l a s t e d .  A s h o v e l . o r  f r o n t  end l o a d e r  l o a d s  t h e  broken  c o a l  i n t o  h a u l  
t r u c k s ,  and i t  i s  t aken  o u t  of  t h e  p i t  a l o n g  graded  h a u l  roads  t o  t h e  t i p -  
p l e ,  or t r u c k  dump. Raw c o a l  sometimes may be dumped o n t o  a temporary 
s t o r a g e  p i l e  and l a t e r  r ehand led  by a f r o n t  end l o a d e r  o r  b u l l d o z e r .  

A t  t h e  t i p p l e ,  t h e  c o a l  i s  dumped i n t o  a hopper  t h a t  f e e d s  t h e  p r imary  
c r u s h e r ,  t h e n  i s  conveyed through a d d i t i o n a l  c o a l  p r e p a r a t i o n  equipment 
s u c h  a s  secondary  c r u s h e r s  and screens t o  t h e  s t o r a g e  a r e a .  I f  t h e  mine 
has  open s t o r a g e  p i l e s ,  t h e  c rushed  c o a l  p a s s e s  th rough  a c o a l  s t a c k e r  o n t o  
t h e  p i l e .  The p i l e s ,  u s u a l l y  worked by b u l i d o z e r s ,  a r e  s u b j e c t  t o  wind 
e r o s i o n .  From t h e  s t o r a g e  a r e a ,  t h e  c o a l  i s  cocveyed t o  a t r a i n  load ing  
f a c i l i t y  and i s  p u t  i n t o  r a i l  c a r s .  A t  a c a p t i v e  mine ,  c o a l  w i l l  go from 
t h e  s t o r a g e  p i l e  t o  t h e  power p l a n t .  

During mine r e c l a m a t i o n ,  which p roceeds  c o n t i n u o u s l y  throughout  t h e  
l i f e  o f  t h e  mine, overburden  s p o i l s  p i l e s  3 r e  smoothed and contoured  by 
b u l l d o z e r s .  T o p s o i l  is p laced  on t h e  graded s p o i l s ,  and t h e  land  i s  p re -  
p a r e d  f o r  r e v e g e t a t i o n  by fu r rowing ,  mulching ,  e t c .  From t h e  time an a r e a  
is d i s t u r b e d  u n t i l  t h e  new v e g e t a t i o n  emerges, a i l  d i s t u r b e d  a r e a s  a r e  sub- 
j e c t  t o  wind e r o s i o n .  

8 . 2 4 . 2  Emiss ions  

P r e d i c t i v e  emis s ion  f a c t o r  e q u a t i o n s  f o r  open d u s t  s o u r c e s  a t  wes t e rn  
s u r f a c e  c o a l  mines a r e  p re senzed  i n  Tab les  8 . 2 k - 1  and 8.24-2. Each equa- 
t i o n  i s  f o r  a s i n g l e  d u s t  g e n e r a t i n g  a c t i v i t y ,  such a s  v e h i c l e  t r a f f i c  on 
unpaved r o a d s .  The p r e d i c t i v e  e q u a t i o n  e x p l a i n s  much of  t h e  observeu v a r i -  
ance  i n  emis s ion  f a c t o r s  by relating e m i s s i c n s  t o  r h r e 2  s e t s  o f  s o u r c e  pa- 
r ame te r s :  l )  measures  of sou rce  a c t i v i t y  c r  sne rgv  expended ( e . g . !  .speed 
3nd we igh t  o f  a v e h i c l e  t r a v e l i n g  on a n  un?aved r o a d ) ;  2 )  p r o p e r t i e s  o f  t h e  
m a t e r i a l  b e i n g  d i s t u r b e d  < e . b . ,  suspendab le  f i n e s  in t h e  s u r f a c e  m a t e r i a l  
of an unpaved r o a d ) ;  and 3) c l i m a t e  ( i n  t h i s  c 2 c e ,  mean wind s p e e d ) .  

The e q u a t i o n s  may be used t o  e s t i m a t e  ;~i :c : icui i i tc  emis s ions  gerrer3ted 
p e r  u n i t  of  s o u r c e  e x t e n t  ( e . g . ,  v e h i c l e  d i s t . ? n c e .  ;ra*.:cled o r  m a s s  o f  mate- 
r i a l  t r a n s f e r r e d ) .  

- 5- 
I I I 



\ 
,m - .  . .- 

Y. 
.. . 

$ 4  

5 1  9-3 

0 c 
-=m 

t l i n e r a l  Products  Industry 

-6- 

I 

3c 
I 

m i  al 
C 

I 

I 
I 



I l ru l  t rur t r  

A r t i v c  rtorrtc pllc 

rr intcnancc)  
(w ind  rruilnn and 

0.010 k # / b l r i l  B 

0.105 L;/hr m 

0.011 LKI'.' L 

0.0034 (S)z" O.OOS6 ( S ) * * O  0.011 

I .OS 
i n i n  

0.0019 (v)'04 (1)'" 0.0014 (v)'.' 0.01 1 k8l-T I 

Cnrl 1 .8  u HA NA Cr 

-. . - _- - - .- - - . . .__ ._______.__________I  ~- _.-____. - --- ---_ ~ _ .  -- --- -. - - - . .. . ._- . - . .- . . - . 
A l l  cqurlions. a r c  l r o m  Rclerrocc I, crrcpt  l o r  roil r l o r i a c  p l l c  cqurtlon from Rclcrcncc 4 .  

fSP drnnlcr w h a l  I r  n r r i u r c d  hy a r l i n d n r d  hl th v o l w e  airyler ( i r e  Scrllon 11.1). 
S p t i n I i  In r  rattimttonr: 

ISP = total ruipcnded p i r l l c u l i l c .  VM 
,, v r h l r l c  rllrr I r i v r l r d .  VKT = vchlclc t l l m t c r o  trivrlcd. RA = not  arrllrblc. 

A = i f r r  b laa lcd  (0 ' )  

tl = m a l c t i i l  r o l r l u r c  contrnt (2)  
D = hole drp lh  (I) 
r 2 r e t r r l a l  1111 content ('I() Y = mean auher  o l  ubcclr 
u = ulnd Lprril ( r / r e r )  

d = drop hclaht (D) 

Y = w i n  vch lc l c  wrlght (Hg) 
9 = =ern vchlrlc rpcrd  (bph) 

1 = roi.1 aurlrrc r l l t  lordlnn (Jm') 
I1 

H a l l i p l y  l h c  TSP p r e d i c t l v c  cgurilon by i h l c  lrictlon l e  dstcrmlnc cmlrrlooi In Ihc < 2.3 11. r1r.c rrnRr. 
R r l l i q  a p p l l c i b l c  l o  Hint  fyper 1.. I 1  and I V  (rec t r b l c i  8.24-5  and 8 . 2 4 - 6 ) .  
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TABLE 8 . 2 4 - 2 .  EMlSSION FACTOR EQUATIONS FOR UNCONTROLLED OPEN D U S T  S O U R C E S  AT 
WESTERN SURFACE COAI. MINES ( ENCLISII UNITS) a 

D Ib/blamt 0.030 

0.019 Ib/T D 

B l a m t l n t  Coal or 
overburden 

' 2  l r u r b  IorJInR Coal in)'.' 
0.119 - -- 
( ~ I O . ~  

Ib/br D u l l d o t l n t  cor I 0.022 D 
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0.0021 y" Ovcrburdcn 
(n)'. 

0.0021 (d)"' 

(n)O.' 
Dim 8 I 1 ne 0.011 lb l ld '  a 

Scrapcrr  
( t r a v e l  mode) 

Cradlna 

V c h l c l c  t r r l t l c  
( I  ltht/mcdlua duty) 
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Ar t l rc  rtorm(e p l l e  Coml 
(uinrl crorlon and 

ma intrnanrr)  

I b / M  A 

0.040 0.011 l b / W  I 

IblWr I 0.010 

0.0067 (L)'" 0.0011 ( 4 3 - 3  0.011 

1.6 u NA I A  

I b l M  A . 
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The e q u a t i o n s  were developed through f i e l d  sampling varLous western' s u r f a c e  
m i n e  t ypes  and a re  thus  a p p l i c a b l e ' t o  any of t h e  s u r f a c e  c o a l  mines l o c a t e d  
in t h e  wes te rn  United S t a t e s .  c 

In T a b l e s  8 .24 -1  and 8 . 2 4 - 2 ,  t h e  a s s i g n e d  q u a l i t y  r a t i n g s  app ly  w i t h i n  
t h e  ranges  of  s o u r c e  c o n d i t i o n s  t h a t  were t e s t e d  i n  deve lop ing  t h e  equa- 
t i o n s ,  g iven  i n  Tab le  8 . 2 4 - 3 .  However, t h e  e q u a t i o n s  a r e  d e r a t e d  one le t -  
t e r  v a l u e  ( e . g . ,  A t o  8) i f  a p p l i e d  t o  e a s t e r n  s u r f a c e  c o a l  mines.  

TABLE 8 . 2 4 - 3 .  TYPICAL VALUES FOR CORRECTION FACTORS APPLICABLE TO THE 
PREDICTIVE EMISSION FACTOR EQUATIONS~ 

C o r r e c t i o n  Number Geometr ic  
Source f a c t o r  of  tes t  '!ange mean U n i t s  

samples 

B l a s t i n g  Mois ture  
Depth . 
Area 

Coal l o a d i n g  
Bu l ldoze r s  

Coal 

Overburden 

Dragi  i n e  

Sc rape r  

Grader 

Light lnedium 

Haul t r u c k  
duty  v e h i c l e s  

no is t u r e  

?lo is  t u r e  
S i l t  
nois t u r e  
S i l t  
Drop d i s t a n c e  

t lois  t u r e  
S i l t  
Weight 

Speed 

t lois  t u r e  
Wheels 
S i l t  l c a d i n g  

5 
18 

18 

7 

3 
3 
8 
8 

19 

7 
10 
15 

7 

7 
29 
26 

7 .  - 38 - 41 
2 - 135 
9 - 9,000 

1,oc ! - 1 0 0 , 0 0 0  
6.; - 38 

4 . 0  - 2 2 . 0  
6 . 0  - 11.3 . 

2 . 2  - 16.8 
3 . 8  - 15.1 
1 .5  - 30 

5 - 100 
0 . 2  - 1 6 . 3  
7.2 - 25.2.  

33 - 64 
36 - 7 0  

8 . 0  19.0 . 

5 . 0  - 1 1 . 8  

0.9 - 1.7 
6.1 - 10.0 
3 . 8  .- 254 

34 - 2 , 2 7 0  

1 7 . 2  
7 . 9  

25 .9  
1,800 

19,000 
17.8 

1 0 . 4  
8 . 6  
7.9 
6 . 9  
8 . 6  

2 8 . 1  
3 . 2  

1 6 ; 4  
48 .8  
5 3 . 8  
1 1 . 4  

7 . 1  

1 . 2  
8 . 1  

4 0 . 8  
364 

t 
m 
f t  
m2 
f t 2  
% 

% 
I 
01 

01 
k 

k 
m 
f t  
x 
% 
b 

mPh 

t o n s  
kph . 

% 
number 

l b / a c r e  
g/m2 

c 

I n  u s i n g  t h e  e q u a t i o n s  t o  e s t i m a t e  emiss ions  from s o u r c e s  i n  a spe- 
c i f i c  wes t e rn  s u r f a c e ,  c o a l  mine,  i t  is necessa ry  t h a t  r e l i a b l e  v a l u e s  f c r  
correct :on parameters  be determined f o r  t h e  s p e c i f i c  s o u r c e s  o f  i n t e r e s t ,  
i f  :!?e - . s s lgned  q u a l i t y  r a t i n g s  o f  t h e  e q u a t i o n s  a r e  t o  a p p l y .  F o r  exam- 
p l e .  a c r u z l  s i l t  conten t .  o f  c o a l  or overburden measured a t  a f a c i l i t y  

EYISSION FACTORS 5/83 - .  ;. . -- .  

n I I 
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should .be used i n s t e a d  o f  e s t i m a t e d  v a l u e s .  I n  t h e  even t  t h a t  s i t e  spe- 
c i f i c  v a l u e s  f o r  c o r r e c t i o n  parameters  cannot  be o b t a i n e d ,  t h e  a p p r o p r i a t e  
geometr ic  mean va lues  from Tablc  8.24-3 may be used ,  bu t  t h e  a s s igned  q u a l -  
i t y  r a t i n g  of each  emiss ion  f a c t o r  equa t ion  is reduced by one l e v e l  ( e . g . ,  
A t o  B ) .  

1. 
k 

Emission f a c t o r s  f o r  open d u s t  sou rces  n o t  covered i n  Tab le  8.24-3 a r e  
i n  'Table  8.24-4. These f a c t o r s  were determined through s o u r c e  t e s t i n g  a t  
v a r i o u s  wes tern  c o a l  mines .  

The f a c t o r s  i n  Tab le  8.24-4 f o r  mine l o c a t i o n s  I through V were deve l -  
oped f o r  s p e c i f i c  g e o g r a p h i c a l  a r e a s .  Tab le s  8.24-5 and 8.24-6 p r e s e n t  
c h a r a c t e r i s t i c s  of each  of  t h e s e  mines ( a r e a s ) .  A "mine s p e c i f i c "  emiss ion  
f a c t o r  should be used on ly  i f  t h e  c h a r a c t e r i s t i c s  of t h e  mine f o r  which an  
emiss ions  e s t i m a t e  is needed a r e  very  s i m i l a r  t o  t h o s e  of t h e  mine f o r  
which t h e  emiss ion  f a c t o r  was developed.  The o t h e r  ( n o n s p e c i f i c )  emis s ion  
f a c t o r s  were developed a t  a v a r i e t y  of mine t y p e s  arid t h u s  a r e  a p p l i c a b l e  
t o  any western s u r f a c e  c o a l  mine. 

As an  a l t e r n a t i v e  t o  t h e  s i n g l e  valued emiss ion  f a c t o r s  g iven  i n  Table  
8.24-4 f o r  t r a i n  or t r u c k  l o a d i n g  and i'or t r u c k  o r  s c r a p e r  un load ing ,  two 
e m p i r i c a l l y  d e r i v e d  emiss ion  f a c t o r  eq i a t i o n s  a r e  p r e s e n t e d  i n  S e c t i o n  
11.2.3 of t h i s  docunent .  Each equat ioi!  Gas deveioped f o r  a source  opera-  
t i o n  ( i . e . ,  ba t ch  drop  and cont inuous  d r o p ,  r e s p e c t i v e l y )  , compris ing a 
s i n g l e  dust g e n e r a t i n g  mechanism vhich  c r o s s e s  i n d u s t r y  l i n e s .  

Because t h e  p r e d i c t i v e  e q u a t i o n s  a l low emissior .  f a c t o r  a d j t s t n e n t  t o  
s p e c i f i c  s o u r c e  c o n d i t i o n s ,  t h e  equaticlns should be  csed i n  p l a c e  c f  t h e  
f a c t o r s  i n  Tabie  8.24-4 for t h e  sou rces  i d e n t i f i e d  above ,  i f  emiss ion  e s i i -  
mates f o r  a s p e c i f i c  western s u r f a c e  coa l  mine 3re needed. Xowever, rhe  
g e n e r a l l y  h i g h e r  q u a l i t y  r a t i n g s  a s s igned  t o  t h e  e q u a t i o n s  a r e  a p p l i c a b l e  
o n l y  i f  1) r e l i a b l e  v a l u e s  of c o r r e c t i o n  para ine ie rs  have been de termined  
for t h e  s p e c i f i c  s o u r c e s  of i n t e r e s t  and 2 )  :he c o r r e c t i o n  parameLer v a l u e s  
l i e  w i t h i n  t h e  ranges  t e s t e d  i n  deve loping  t h e  e q u a t i o n s .  Table  8 . 2 L - 3  
l i s t s  measured p r o p e r t i e s  of a g g r e g a t e  m a t e r i a l s  which can be used t o  e s t i -  
mate c o r r e c t i o n  p a r m e t e r  v a l u e s  for t h e  p r e d i c t i v e  emiss ion  f a c t o r  ?qua- 
t i o n s  i n  Chapter  11 ,  i n  t h e  e v e n t  t h a t  s i t e  s p e c i f i c  v a l u e s  are, n c t  j v ? i l -  
a b l e .  Use of  mean c o r r e c t i o n  parameter  v a l u e s  from Table  S . 2 L ' j  reduces 
t h e  q u z l i t y  r a t i n g s  of t h e  emiss ion  f a c t o r  e q u a t i s n s  i n  Chapter  l i  5:; otic 

l e v e l .  

' 
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'TABLE 8 .  ?A-L. UNCOKTROLLED PARTICULATE E M I S S I O N  FACTORS FOR 
3 P E S  DUST SOURCES A T  WESTERN SURF'ACE COAL NINES c 

Sourcr 
t & r r i o o  TS P 

U A a B i O O  
~ L C C A ~ ~  H i 8 8  Units Factor 

locarroo' factor nAtLI)g 

Dril l i n g  

Topioil -Val by 
rcraper 

Overburden 
m p h c a n r  

Truck h d m g  by 
power ibovel 
(batch drop)' 

0.erburd.o 

f o p r o i l  

0wrburd.n 

Tram loading (batch 
o r  c o ~ u o y o y ~  drep)' 

Scraper unLoad$n; 
(batcb drpp) 

Vind  erosion o f  
crpored areas 

Overburden 

topsbil 

M e d  Land. 
atripped OWCP 

burdm. graded 
ouxburdeo 

h Y  

V 

MY 

It' 

*n? 

V 

m 
11: 

V 

I V  

I11 

XI 

I 

V 

I V  

h Y  

1.3 
0.S9 

0.22 
0.10 

0.058 
0.029 
0 . u  
0.P 

0.012 
0.0060 

0.037 
I 0.018 

I 
0.028 

0.0002 
0.OOOl 

n.ow 

I 0.002 
0.001 

0.027 
0.014 

0.005 
0.002 
0.020 
0.010 
0.014 
0.0070 
0.066 
0.039 

0.007 
0 . W  

O.O& 
0.02 

0.38 

0.85 

lb /ho lr  L 
W h o i c  t 

IbfT C 
Wat  C 

lb/T D 
war D 
l b / f  D 
W U  D 

1 b R  E 
Writ L 

l b R  E 
writ L 
l b / l  L 
k l / l l t  E 
l b l t  D 

l b R  E 
War  E 

c 

s 

b 

C 

Roorn numerals I throuth v refer  Lo rpccific mine 1ocationr for vblcb t b e  
correrponding C U A S ~ O O  f a c t o r s  Yere developed (Reference L).  f a b l e r  8.2L-C 
and 8.2L-5  prerea ChAraCfetilCiCi o f  eacb of theae mxnes. See t e x t  for 
correct uae of  tberc "mine specific" emairion factor@. Tbc ocher factors 
( f r a  Reference 5 except for Overburden drlAlrog from R e f e r a c e  1) Cro be 
applicld io any weatern rutfact  coal  mine. 
f o u l  rurpcnded part iculate  (TSP) denotes v h . L  is maaured by a standard ha:b 
v o l w c  sampler (ace Secrion 11.2) .  
Predict ive maraion factor eqwciopr ,  woicb generally prov idr  more accurate 
C S C U . L C ~  of emiaaioni. are presented i o  Chapter 1 1 .  
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-_----- 
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36 
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on bedrock 
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I l l  Siiltli i I iiiii. l k i i t l y  rol 1- 
itig to 
scnri riiggcd 

I V  

V 
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4 3  

36 

17 

14 
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c l a y e y ,  arid 

(102)  
. c l n y  loamy 

N . E .  
Wyoini iig 

F l a t  l o  
gcn t 1 y 
co I 1 1 fig 
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TABLE 8.24-6 .  OPERATING CIIARACTERISTICS OF THE COAL MINES 

REFERRED TO IN TABLE 8.24-bn 
- - 

- _c_ - - - 
_ _  n!ae 

Unltn I . JI-- I11 I V  V- - --- - 
Pa raae tcr Required lnforortlon - - 
Producllon r o t e  

Coal transport 

Strrtl8rrpblc 
-. 

data 

- 
Surface 

dlmporltlon 

Coal rlncd 

Avo. unlt t r r l o  frcquenq 

Overburden tblckncrr 
Overburden dcnnltr 
Cor1 neam thlckneraem 
Prrtln8 thlcknenrcr 
Spoils bulk108 fnctor 
Actlve p l t  deptb 

flo I r t ure 
Aah 
Sulfctr 
Heat content 

Total dlrturbed land 
Artlve plt 
Spolln 
Reclrlacd 
Bsrrcn lrad 
Aaioclated dlstorbrocer 

- 

- 

Capacl cy 

Frequency, coal 
Frequency, overburden 
Arcs  hlarted, cor1 
Area blasted, overburden 

10' Tlyr 

per dry 

It 
1 blyd' 
I t  
I t  
t 
ft 

acre 
r c r c  
acre 
mcre 
mcre 
acre  

- 

tan 

per veek 
per week 
It' 
It' 

- 
1.13 

WA 

21 
4000 
9,35 
so 
22 
52 

10 
8 
0.46 
11000 

168 
34 
SI 
100 

12 

HA- 

4 
3 
16000 
20000 

- 
.- 

_- 

.. . 

s.0 9 . 5  

UR 2 _ _  
80 90 
3?05 3000 
15.9 2 1  
IS WA 
24 15 
100 114 

18 2 4  
10 0 
0.59 0.1s 
9632--- 8628 

1030 2112 
202 81 
326-- 146 
22 I 950 
IO 4s5 
186 416 

- 

HA 

- 4  3 
0.5 3 
40000 - - 

- 

3.1 

YA 

6s 

2,4,8 
- 
32, I6 
20 
80 

Y I  
7 
0.65 
8500 

1975 - 
- - - - 
MA 

7 
HA 
30000 
HA 

b 12.0 

2 

15  

10 
IA 

105 

30 
6 
0.48 
8020 

211 
11 
100 
I 00 

46 

48000 

- 

- 

- 

.? 1: 
- - 

r Reference 4 .  HA = n o t  rppllcrblc. Drah = nnt arrllrble. 
en t I r a  t e. 
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SECTION 11 

WESTERN SURFACE COAL MINING 

Emissions i n  l b s / T  - assumes m o i s t u r e  c o n t e n t  of  4% or g r e a t e r  (See  S e c t i o n  V) 

I 

‘Ac t iv i ty  <30 um <15 um W < l o  umW <5 u m w  <2.5 uma) 

I 
Primary Crushing .02 ( 4 )  .0086 .0056 .002 .0005 

Secondary Crushing . 0 6 . ( 4 )  .0258 .0168 .006 .0015 
I 

T e r i t i a r y  Crushing .18 ( 5 )  .0774 .0504 .018 .0045 

Scr!?pT!inr .10 ( 4 )  ,043 ,028 . O l O  .002 5 
I 
I 

I I 

Lsed “ o v e r a l l “  p a r t i c l e  s i z e  d i s t r i b u t i o n  for c o a l  mining o p e r a t i o n  (See  
Appeniix A )  

-15- 



. .  .. r -  e. # .-- SECTION 111 .LL 

8 .19 .1  SAND ANTI GRAVEL PROCESSING 

8.19..1.1 P rocess  D e s c r i p t i o n  1-2 

Depos i t s  
s u l t i n g  from 
found i n  bank 

of  sand and g r a v e l ,  t h e  c o n s o l i d a t e d  g r a n u l a r  m a t e r i a l s  re- 

Sand and 
g r a v e l  a r e  p roduc t s  o f  t h e  weather ing  of  rocks and a r e  most ly  s i l i c a .  
Of t en ,  v a r i e d  amounts of i r o n  o x i d e s ,  mica,  f e l d s p a r  and o t h e r  mine ra l s  a r e  
. p re sen t .  Depos i t s  are common throughout  t h e  coun t ry .  

. .- t h e  n a t u r a l  d i s i n t e g r a t i o n  of  rock o r  s t o n e ,  a r e  gehtrrgl ly  
.s and p i t s  and i n  sub te r r anean  and subaqueous beds.  

Depending upon t h e  l o c a t i o n  of  t h e  d e p o s i t ,  t h e  m a t e r i a l s  a r e  exca- 
va ted  wi th  power s h o v e l s ,  d r a g l i n e s  , cableways , s u c t i o n  dredge pumps or 
o t h e r  a p p a r a t u s .  L igh tcha rge  b l a s t i n g  may o c c a s i o n a l l y  be necessa ry  t o  . 

loosen  t h e  d e p o s i t .  The m a t e r i a l s  a r e  t r a n s p o r t e d  t o  t h e  p r o c e s s i n g  p l a n t  
by s u c t i o n  pump, e a r t h  mover, ba rge ,  t r u c k  o r  o t h e r  means. The p rocess ing  
of sand and g r a v e l  f o r  a s p e c i f i c  market i nvo lves  t h e  use of d i f f e r e n t  com- 
b i n a t i o n s  of washers ,  s c r e e n s  and c l a s s i f i e r s  t o  s e g r e g a t e  p a r t i c l e  s izes;  
c r u s h e r s  t o  reduce o v e r s i z e  m a t e r i a l ;  and s t o r a g e  and l o a d i n g  f a c i l i t i e s .  

1 
, 8 .19 .1 .2  Emissions and Con t ro l s  

Dust emiss ions  occur  d u r i n g  conveying,  s c r e e n i n g ,  c r u s h i n g  and s t o r i n g  
o p e r a t i o n s .  Gene ra l ly ,  t h e s e  m a t e r i a l s  a r e  wet o r  mois t  when hand led ,  and 
p rocess  emiss ions  a r e  o f t e n  n e g l i g i b l e .  (If p r o c e s s i n g  i s  d r y ,  expected 
emiss ions  could  be s i m i l a r  t o  those  shown i n  S e c t i o n  8 .19 .2 ,  Crushed 
S tone . )  Cons ide rab le  emis s ions  may occur  from v e h i c l e s  h a u l i n g  m a t e r i a l s  
t o  and from a s i t e .  Open d u s t  sou rce  emiss ion  f a c t o r s  f o r  such  sand and 
g r a v e l  p r o c e s s i n g  o p e r a t i o n s  have been determined through s o u r c e  t e s t i n g  a t  
v a r i o u s  sand and g r a v e l  p l a n t s  and,  i n  some i n s t a n c e s ,  th rough a d d i t i o n a l  
e x t r a p o l a t i o n s ,  and a re  p r e s e n t e d  i n  Table  8.19.1-1.  

As an a l t e r n a t i v e  t o  t h e  s i n g l e  va lued  e n i s s i o o  f a c t o r s  g iven  i n  Table  
8 .19.1-1,  e m p i r i c a l l y  d e r i v e d  emiss ion  f a c t o r  e q u a t i o n s  a r e  p r e s e n t e d  i n  
Chapter  11 of t h i s  document. Each equa t ion  was developed f o r  a s i n g l e  
sou rce  o p e r a t i o n  or  d u s t  g e n e r a t i n g  mechanism which crosses i n d u s t r y  l i n e s ,  
such a s  v e h i c u l a r  t r a f f i c  on unpaved roads .  The p r e d i c t i v e  equa t ion  ex- 
p l a i n s  much of t h e  observed  v a r i a n c e  i n  measured emiss ion  f a c t o r s  by r e l a t -  
i n g  emiss ions  t o  d i f f e r e n t  sou rce  parameters .  These parameters  may be 
grouped a s  1 )  measures of  sou rce  a c t i v i t y  or expended energy ( e . g . ,  t h e  
speed and weight  of  a v e h i c l e  t r a v e l i n g  on an unpaved road) ;  2 )  p r o p e r t i e s  
of t h e  m a t e r i a l  be ing  d i s t u r b e d  ( e . g . ,  t h e  c o n t e n t  o f  suspendable  f i n e s  i n  
t h e  s u r f a c e  m a t e r i a l  on an unpaved r o a d ) ;  and 3)  c l i m a t e  ( e . g . ,  number of 
p r e c i p i t a t i o n  f ree  days p e r  y e a r ,  when emiss ions  tend  t o  a maximum). 

Beczuse p r e d i c t i v e  equa t ions  a l low f o r  emiss ion  f a c t o r  ad jus tment  t o  
s p e c i f i c  c o n d i t i o n s ,  t h e y  should be used i n s t e a d  of  t h e  f a c t o r s  g iven  i n  
Table  8.19.1-1 whenever emiss ion  e s t i m a t e s  a r e  needed , f o r  s o u r c e s  i n  a spe- 
c i f i c  sand and g r a v e l  p rocess ing  t z c i l i t y .  However, t h e  g e n e r a l l y  h ighe r  
q u a l i t y  r a t i n g s  a s s igned  t o  t h e  e7ua t rons  sre a p p l i c a b l e  only i f  1 )  r e l i -  

;able va lues  of c o r r e c t i o n  parameters  have been determined f o r  Lhe s p e c i f i c  

Mineral  Products  Industr:; s .19.1- 1 5 1  a3  

I 
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TADLE 8.19.1-1. UNCONTROLLED PARTICULATE E H I S S I O N  FACTORS FOR OPEN DUST SOURCES 
AT SAND AND GRAVEL PROCESSING P U T S a  

__-. --- ---- - 
b 

Em1 a r  I on ~ l r r l o e r  by partlcle d 8 t  r a o l e  (rerodynrmLc diameter) 
Uitcontrollcd dry T o t a l  TSP < IO Unltr iactor 

opera t Ion prrtlculrtc < -30 Rat In8 - -- -- 

Cont Inuoiir drop' 
Transfer r t a t l o n  
PLlc formation - rtrcker 

Batch dropC 
Bulk loading 

. )  
k#/flg (lb/ton) 0.014 (0.029) I' RA 0.03 MA (0.06)d ' kg/Ila (Ib/ton) 

0.065 (0.13) WA 
E 
c 

0.12 (0.24) 0.028 (0.0f6)'  0.0012 (0.0024)' k#/tlR (lb/ton) E 

7.1 (6.3)d d kg/hectrre/day (Ib/acre/day)i I . D 
Inrctlvc day (vlnd eroslon only) MA 3.9 (3 .3)  1.9 (I.7)d k8/hectrre/dry (lb/acrc/day)l D 
Hornal n l x  of actlvc aod loactlvc day) HA 11.6 (10.4) 5.6 (5.0) k8/hectare/day (Ih/acrc/dry) D 

Actlve s t o r a g e  pLlcaf'8Dh 
Actlve day HA * .I4.6 (13.2) 

Vchlclc trrfflc on unprved road' 
lleavy duty vehlclc 16.7 (52.-0) 9.31 (33.0)' 0.11 (3.1)' h 8 / V n  (lb/Wt) C 

- -. -- 
' NA = not avallablc. TSP = t o t a l  ruapended prrtlculrte. lJK7 = vehlclc kllosetcrr traveled. VHT e ocblclc iller traveled. Prcdictlve 

emlrrlon factor equrtlonr, uhlcb generally provide nore rccurrts er t la r te r  of c d ~ r l o 0 8 ,  are prerentcd Ln Chapter 11. 
T o t a l  partlculrte l a  rlrboroc prrtlclcr of a l l  rlrer In the rource plume. 
( r c e  Sectlon 11.2). 
Reference '1. 
Extrapolrtlon o f  data urlng k factorr for rpproprlrte opelatloo frob Chapter 11. 
For physical, not aerodynamlc, dlaactcr. 
Reference 6 .  
Include# the Iollovlng dlrtlnct rnurce operations l o  the r t o r r 8 e  cycle: 
drop operatlonr), 2) rqullincnt trnfflc Ln r t o r a 8 r  arcma, 3 )  vlnd crorlon of p l l c  rurfrcem and grouod arena rmong pllcr, and 6 )  loadout 
o f  ageregate f o r  rhipnent o r  lor  return t o  the proceam B t r c m  (batch or roitttnuour drop opcrrtlonr). 
8 to I2 hotarm of actlvlty per 26 h o u r r .  
Poandr/scrc of o h r a g e  Ilocludtr rrcai among pt les ) / t l ry .  

TSP I# vhrt f a  mearurcd by r rtandrrd blah volume ramplcr 
C 

e 

* 1 )  lordln8 of ag8regatc onto atorrgc pllcr (batch o r  contlnmus. : 

,, 
i I ' Arstmer r 5 day work week. D 

. 

! 
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sources  of  i n t e r e s t  and 2 )  t h e  c o r r e c t i o n  parameter  v a l u e s  l i e  w i t h i n  t h e  
ranges  t e s t e d  i n  deve lop ing  t h e  equa t ions :  Chapter  11 l is ts  measured prop- 
e r t i e s .  o f  a g g r e g a t e  m a t e r i a l s  used i n  i n d u s t r i e s  r e l a t i n g  t o  t h e  sand and 
g r a v e l  i n d u s t r y ,  which can be u s e d  t o  approximate c o r r e c t i o n  parameter  val- 
ues for t h e  p r e d i c t i v e  emiss ion  f a c t o r  e q u a t i o n s ,  i n  t h e  e v e n t  t h a t  , s i t e  
s p e c i f i c  v a l u e s  aGe n o t  a v a i l a b l e .  Use of mean c o r r e c t i o n  parameter  v a l u e s  
from ChapLer 11 reduces t h e  q u a l i t y  r a t i n g s  ofsethe emis s ion  f a c t o r  equa- 

: 'H, t i o n s  by a t  l e a s t  one l e v e l .  '7. 

Since  emiss ions  from sand and g r a v e l  o p e r a t i o n s  a r e  u s u a l l y  i n  t h e  
form of f u g i t i v e  d u s t ,  c o n t r o l  techniques  a p p l i c a b l e  t o  f u g i t i v e  d u s t  
sou rces  a r e  a p p r o p r i a t e .  Con t ro l  techniques  most s u c c e s s f u l l y  used '  f o r  
hau l  roads a r e  a p p l i c a t i o n  o f  d u s t  s u p p r e s s a n t s ,  pav ing ,  r o u t e  modi f ica-  
t i o n s ,  s o i l  s t a b i l i z a t i o n ,  e t c . ;  f o r  conveyors ,  c o v e r i n g  and w e t  d u s t  sup- 
p r e s s i o n ;  f o r  s t o r a g e  p i l e s ,  wet d u s t  s u p p r e s s i o n ,  windbreaks ,  e n c l o s u r e  
and soil s t a b i l i z e r s ;  and f o r  conveyor and b a t c h  t r a n s f e r  p o i n t s  ( l o a d i n g ,  
un loading ,  e t c . ) ,  w e t  s u p p r e s s i o n  and v a r i o u s  methods t o  reduce f t e e f a l l  
d i s t a n c e s  ( e . g . ,  t e l e s c o p i c  c h u t e s ,  s t o n e  l a d d e r s  and h inged  boom s t a c k e r  
conveyors) .  

Wet s u p p r e s s i o n  t echn iques  i n c l u d e  a p p l i c a t i o n  of w a t e r ,  chemica ls  or 
foam, u s u a l l y  a t  conveyor feed  and d i s c h a r g e  p o i n t s .  Such s p r a y  systems a t  
t r a n s f e r  p o i n t s  and on m a t e r i a l  handl ing  o p e r a t i o n s  a r e  e s t i m a t e d  t o  reduce 
emis s ions  70 t o  95 p e r c e r ~ t . ~  Spray systems can a l s o  reduce  l o a d i n g  and 

p e r c e n t .  Cont ro l  e f f i c i e n c i e s  depend upon l o c a l  c l i m a t i c  c o n d i t i o n s ,  
sou rce  p r o p e r t i e s  and d u r a t i o n .  of coi i t ro l  e f f e c t i v e n e s s .  Tab le  11.2.1-2 
c o n t a i n s  e s t i m a t e s  of c o n t r o l  e f f i c i e n c y  f o r  v a r i o u s  emis s ion  s u p p r e s s a n t  
methods f o r  h a u l  roads .  

wind e r o s i o n  emiss ions  from s t o r a g e  p i l e s  o f  v a r i o u s  m a t e r i a l s  80 t o  90 I 
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SECTION I11 

SAND AND GRAVEL PROCESSING 

For purposes  of e s t i m a t i n g  e m i s s i o n s  w e  have expanded T a b l e  8.19.1-1 as f o l l o w s :  

___ 

a:LT T o t a l  
Uncon t ro l l ed  Dry Opera t ion  TSP e 3 0  um) <15 urn < l o  urn <5 urn c2.5 um P a r t .  

Continuous d rop  0 

0.029 T r a n s f e r  s t a t i o n  ( l b / T )  0.0223 0.0142 0.0107 0.0061 0.0032 

S t a c k e r  ( l b / T )  0.13 0.083 0.06 0.0355 0.0186 0.169 

~ 

Batch Drop 8 ( l b / T )  0.056 0.02 0.0024 0.0015 0.0009 0.24 

S to rage  P i l e  (2 

Act ive  ( l b / a c r e / d a y )  13.2 8.7 6.3 4.2 2.4 18.0 

I n a c t i v e  ( l b / a c r e / d a y )  3.5 2.3 1 . 7  1.1 0.6 4.8 

Mix ( l b / a c r e / d a y )  10.4 6.8 5.0 3.3 1.9 14.2 

Haul Trucks 3 (lb/VMT) 33.0 13.3 3.1 1 .9  1.1 52.0 

Crushing, s c r e e n i n g  d 
hand l ing  @ Neg . Neg Neg . Neg . Neg . Neg . 

Ligh t  Duty V e h i c l e s  See Unpaved Roads S e c t i o n  V I .  

Q C a l c u l a t e d  u s i n g  same m u l t i p l i e r s  o r  p r o p o r t i o n s  a s  found i n  t a b l e  11.2.3-2 i n  
S e c t i o n  V I 1 1  on Aggregate  Handl ing and S t o r a g e  P i l e s .  

Assume p a r t i c l e  s i z e  d i s t r i b u t i o n  s imi l a r  t o  b a t c h  d r o p  ( S e c t i o n  V I I I )  s i n c e  
e n t r a i n m e n t  due mos t ly  t o  wind and n o t  a mechan ica l  a c t i v i t y .  

Use p a r t i c l e  s i z e  m u l t i p l i e r s  from S e c t i o n  V I  Unpaved Roads. I n  t h i s  c a s e  w i l l  have 
to  use p r o p o r t i o n s  s i n c e  g i v e n  10 urn v a l u e  does  n o t  conform t o  g i v e n  m u l t i p l i e r .  

0 

0 
. 

I I 

0 N e g l i g i b l e .  M a t e r i a l  i s  u s u a l l y  moist. However, u n t i l  w e  r e c e i v e  a S e c t i o n  8.19.2 
from €PA f o r  pu rposes  of d r y  p r o c e s s i n g ,  o r  when e s t i m a t i n g  e m i s s i o n s  from 
p r o c e s s i n g  o n l y ,  u s e  t h e  v a l u e s  g i v e n  f o r  s t o n e  q u a r r y i n g  and a p p l y  m o i s t u r e  
c o r r e c t i o n s .  
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Type of process 
# 

Dry crushing operationsbSc 
Primary crushing 
Secondary crushing and screening 

Recrushing and screening 

Tertiary crushing and 
screening ( i f  used) 

Fines mill 
Miscellaneous operationsd 

Screening, conveying, 
and handlinge 

Storage pile tosses' 

i 
! 

to 
Iblton 

0.5 
1 .E. 
6 

5 
6 

2 

SECTION IV 

8.20 STONE QUARRYING AND PROCESSING 

0.1 
0.6 
3.6 

8.20.1 Process Description' 

Rock and crushed stone products are loosened by drilling and blasting them from their L-posit bedsand are 
%Saved with the use of  heavy earth-moving equipment. This mining o f  rock is done primarily in open pits. The 

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. Deing operations, when 
used, can also be a source of dust emissions. 

use %f pneumatic drilling and cutting, as well as blasting and transferring, causes considerable dust formation. 1 
I 

t 
: 

0.05 
0.3 
1.8 

8.20.2 Emissions1 
I 

As enumerated above, dust eniissions occur from many operations in stone quarrying and processing. Althoufi  
a big portion of these emissions is heavy particles that settle out within the plant, an attempt has been made to 
estimate the suspended particulates. These emission factors are shown in Table 8.20-1. Factors affecting emissions 
include the amount of rock processed; the method of transfer of  the rock; the moisture'content of the raw 
material; the degree of enclosure o f  the transferring, processing, and storage areas; and the degree t o  which 
control equipment is used on the processes. 

L 

! 

* '! 
Table 850.1. PARTICULATE EMISSION FACTORS FOR ROCK-HANDLING PROCESSES 

EMISSION FACTOR RATING: C 

Uncontrolled 
81.9 

kg/MT 

0.25 
0.75 
3 

2.5 
3 

1 

in plant, 

80 
60 
40 

aTypical collection efficiencies: cyclone. 70 to 85 porcent:  fabric filter. 99 percent. 
bAll values are based o n  raw material entering primary crusher, except those for recrushing and screening. which are based on  

throughpui  for tha t  operatign. 
CReference 3. 
dBased on  units of stored product. 
eReference 4 .  

See section 11.2.3. 

12/75 hlineral Products Industry 
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SECTION I V  

STONE QUARRYING AND PROCESSING 

Emissions i n  l b s / T  - assumes a m o i s t u r e  c o n t e n t  o f  less t h a n  4% ( S e e  S e c t i o n  

A c  ti v i  t y <30  <15 um6) < I O  u m a  ( 5  u m a  <2.5 u m o  

Primary Crushing 0.1 (1) 0.043 0.028 0.01 

Secondary Crushing 0.6 ( 1 )  0.258 0.168 0.06 

T e r t i a r y  Crushing 3.6 ( 1 )  1.548 1.008 0.36 

Recrush d Screen ing  2.5 (1) 1.075 0.7 0.25 

F i n e s  M i l l  4.5 (1) 1.935 1.26 0.45 
* 4. 

Screen ing  0.2 ( 6 )  0.086 0.056 0.02 

0.0025 

0.015 

0.09 

0.0625 

0.1125 

0.005 

C o r r e c t i o n s  a f o r  h i g h  m o i s t u r e , ,  e g g . ,  > 4% - 
A c  t i v i  t y 

Primary Crush 

C o r r e c t i o n  

F a c t o r  X .04 

Secondary F a c t o r  X .02 

A l l  o t h e r  p r o c e s s  F a c t o r  X .15 

a Used p a r t i c l e  s i z e  d i s t r i b u t i o n  p rov ided  i n  M e t a l l i c  ?! inerals  P r o c e s s i ? ;  
S e c t i o n  V f o r  TSP and < l o  um and e x t r a p o l a t e d  t o  g e t  remaining s i z e s  't':: 

r eason  f o r  t h i s  was t h a t  t h e  r e l a t i o n s h i p  o f  t h e  T S P . t o  <10 uc! f o r  IC\.- 
m o i s t u r e  o r e  w a s  c l o s e r  t han  t h a t  f o r  t h e  o t h e r  a c t i v i t i e s .  

u s ing  t h e  a v e r a g e  of t h e  c o a l  mining s i z e  d i s t r i b u t i o n s  ( A p e n d i s  A ! .  7 '  .. .. - 

4, Derived from va lues  g i v e n  i n  S e c t i o n  V. 
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8 . 2 3  METALLIC NINERALS F R O C E S S i N C  

8.23.1 P r o c e s s  D e s c r i p t i o n l - G  

M e t a l l i c  m i n e r a l  p r o c e s s i n g  t y p i c a l l y  i n v o l v e s  the mining of o r e ,  
e i ther  from open p i t  or underground mines;  t h e  c r u s h i n g  and g r i n d i n g  o f  o r e ;  
t h e  s e p a r a t i o n  o f  v a l u a b l e  minerals from m a t r i x  rock through v a r i o u s  concen- 
t r a t i o n  s t e p s :  and a t  some o p e r a t i o n s ,  t h e  d r y i n g ,  c a l c i n i n g  or p e l l e t i z i n g  
of c o n c e n t r a t e s  t o  ease f u r t h e r  hand l ing  and r e f i n i n g .  
g e n e r a l  flow diagram f o r  metall ic mineral p r o c e s s i n g .  
m i n e r a l  p r o c e s s i n g  f a c i l i t i e s  w i l l  c o n t a i n  a l l  o f  t h e  o p e r a t i o n s  d e p i c t e d  i n  
t h i s  F i g u r e ,  b u t  a l l  f a c i l i t i e s  w i l l  u se  a t  least  some o f  t h e s e  o p e r a t i o n s  
i n  t h e  p r o c e s s  of s e p a r a t i n g  va lued  m i n e r a l s  from t h e  rcatrlx rock. 

F i g u r e  8.23-1 is a 
Very few metallic 

The number o f  c r u s h i n g  s t e p s  n e c e s s a r y  t o  r educe  o r e  t o  t h e  p r o p e r  s i z e  
w i l l  v a r y  v i t h  t h e  type  o f  o r e .  Hard o r e s ,  i n c l u d i n g  some coppe r ,  g o l d ,  i r o n  
and molybdenum ores, may r e q u i r e  as  much as a t e r t i a r y  c r u s h i n g .  S o f t e r  
o r e s ,  such as some uranium,  b a u x i t e  and t i t an ium/z i r con i tnn  o r e s ,  r e q u i r e  
l i t t l e  o r  no c rush ing .  F i n a l  comminution of  b o t h  ha rd  and soft o r e s  i s  o f t e n  
accomplished by g r i n d i n g  o p e r a t i o n s  u , i n g  media such as b a l l s  o r  r o d s  o f  var- 
i o u s  materials. Grinding i s  most o f t e n  performed w i t h  an o r e l w a t e r  s l u r r y ,  
which reduces p a r t i c u l a t e  e m i s s i o n s  t o  n e g i i g i b l e  l e v e l s .  h e n  d y  g r i n d i n g  
p r o c e s s e s  are used, p a r t i c u l a t e  emis s ions  can be  c o n s i d e r a b l e .  

A f t e r  f i n a l  s i z e  r e d u c t i o n ,  t h e  b e n e f i c i a t i o n  of  t h e  o r e  i n c r e a s e s  t h e  
c o n c e n t r a t i o n  o f  v a l u a b l e  m i n e r a l s  by s e p a r a t i n g  them from t h e  m a t r i x  rock .  
A v a r i e t y  of p h y s i c a l  and chemical  prcco-sses is used tc c o n c e n t r a t e  t k e  
mineral. Host o f t e n ,  p h y s i c a l  or c h e n i c a l  s e p a r a t i o n  is performed i n  an 
aqueous environment which e l i m i n a t e s  par t iculate  e z i s s i o n s ,  alt!??ougn some 
f e r r o u s  ,and t i t a n i f e r o u s  m i n e r a l s  ere s e p a r a t e d  by u a g n e t i c  cr e l e c t r o s t a t i c  
methods i n  a d r y  environment.  

The c o n c e n t r a t e d  m i n e r a l  p r o d u c t s  m y  be  d r i e d  t o  remove s u t f s i e  
moi s tu re .  Drying is most f r e q u e n t l y  done i n  n a t i i r a i  g a s  f i r e d  r o t a r y  
d r y e r s .  C a l c i n i n g  o r  p e l l e t i z i n g  o f  some p r o d u c t s ,  such  2s a lc r , i n s  o r  i rcr .  
c o n c e n t r a t e s ,  a r e  a l s o  pe r fo rned .  h i s s i c n s  Eron c a l c i n t n g  a s d  ? t i l e t i z i n g  
o p e r a t i o n s  are n o t  covered i n  t h i s  S e c t i o n .  

8.23.2 P r o c e s s  

P a r t i c u l a t e  e m i s s i o n s  r e su l :  f r o m , n e t a i l i c  m i n e r a l  pl3r.r c p e r a r l x s  . 
s u c h  as c r u s h i n g  and d? g r i n d i n g  of  o r e ;  d r y i n g  o f  ccncen:ra=es; s:>rlrig 
and r e c l a i m i n g  o f  o r e s  and c o n c e n t r a t e s  fron sEorage b i n s ;  t r a n s f e r  oi 

f a c t o r s  are provided i n  Tab le  8.23-1 for v a r i o u s  nc:s,,ic zi:ezzl T i t Z c t s S  
o p e r a t i o n s ,  i n c l u d i n g  p r i n a r y ,  s e c o n d a q  2nd t e r t i a r y  c r u s k n g ;  i ~ :  grinclng; 
d r y i n g ;  and m a t e r i a l  hand l ing  and t r a n s f e r .  Fugi t I -Je  c ~ i s s i c z s  are ZLSO 
p o s s i b l e  from roads  and open s t Q c k ? i l e s ,  f z c c o r s  f p r  w h k h  zre i n  Scc t io r .  
1 1 . 2 .  

. -  materials; and l o a d i n g  o f  f i n a l  prodccts f o r  shipne:::. F a r - : - .  ------ - -  - -  G - . - - - - -  - - ' c r i - n  -. 

3 .  -- \ ... 
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Grinders  H T e r t i a r y  

Crus h e r s  
1 Secondary *, Primary 

I 7 
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i 

- Product 

Loadout 

m I I 
Bene f i c i a t  ion  Dryers 

Figure 8.23-1. A n e t a l l l c  mineral  processing p l a n t .  

The emission f a c t o r s  i n  Table 8.23-1 a r e  f o r  t h e  process  ope ra t ions  as 
a whole .  A t  most m e t a l i i c  mineral  processing p l a n t s ,  each process  ope ra t ion  
w i l l  r e q u i r e  eever'a! cypes of equ ipmen t .  A s i n g l e  crushing ope ra t ion  l i k e l y  
w i l l  Include a hopper or o r e  dump, s c r e e n ( s ) ,  c rusher ,  surge  b in ,  apron 
f eede r ,  and conveyor b e l t  t r a n s f e r  po in t s .  Emissions from these  va r ious  
p i eces  of equipment a r e  o f t e n  ducted t o  a s i n g l e  con t ro l  device. The en is -  
s i o n  f a c t o r s  provided i n  Table 8.23-1 f o r  primary, secondary and te r t ia ry  
crushing opera t ions  are f o r  process  u n i t s  t h a t  are t y p i c a l  arranganents  of 
:he ebove equipment. 

Emission f a c t o r s  a r e  provided i n  Table 8.23-1 f o r  two types of d r p  
grinding ope ra t i cns ,  those gr inding opera t ions  t h a t  involve a i r  conveylng 
andlor  a i r  c l a s s i f i c a t i o n  o f  ma te r i a l  and those t h a t  involve screening  of 
m a t e r i a l  without  air con-.?eylng. 
conveying and a i r  c l a s s i f i c a t i o n  u s u a l l y  r equ i r e  d r y  cyclones f o r  e f f i c i e n t  
product recovery.  The f a c t o r s  In  Table 8.23-1 a r e  f o r  en i s s ions  a f t e r  
product recovery cyclones.  Grinders  i n  c losed c i r c u i t  with sc reens  usua l ly  
l o  not  r equ i r e  cyclones.  Emission f a c t o t s  a r e  not  provided f o r  w e t  g r i n d e r s ,  

:o n e g l i g i b l e  levels. 

Grinding operq t iocs  t h a t  involvtz-air  

- because t h e  high moisture content  i n  these  ope ra t ions  can reduce emissions 
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I '  
The emission f a c t o r s  f o r  d r y e r s  i n  Table  8.23-1  i n c l u d e  t r a n s f e r  p o i n t s  

i n t e g r a l  w i t h  t h e  d ry ing  o p e r a t i o n .  
f o r  d r y e r s  a t  t i t a n i u m l t i r c o n i u m  p l a n t s  t h a t  u se  d r y  cyc lones  f o r  p roduc t  
recovery and f o r  emlssion c o n t r o l .  T i t a n i u m / z i r c o n i m  sand type  ores do n o t  
r e q u i r e  c rush ing  or g r i n d i n g ,  and t h e  o r e  i s  washed t o  remove humic and c l a y  
m a t e r i a l  b e f o r e  c o n c e n t r a t i o n  and d r y i n g  o p e r a t i o n s .  

A separate emiss ion  f a c t o r  is provided 

A t  some metallic m i n e r a l  p r o c e s s i n g  p l a n t s ,  material is s t o r e d  i n  
enc losed  b i n s  betueen p rocess  o p e r a t i o n s .  The emiss ion  f a c t o r s  provided i n  

p Table 8.23-1 for t h e  hand l ing  and t r a n s f e r  of material should be  a p p l i e d  t o  
' t h e  load ing  of material i n t o  s t o r a g e  b i n s  and t h e  t r a n s f e r r i n g  of material 

from t h e  b i n .  The emission f a c t o r  w i l l  u s u a l l y  be  a p p l i e d  twice t o  a s t o r a g e  
o p e r a t i o n ,  once f o r  t he  load ing  o p e r a t i o n  and once f o r  t h e  r ec l a iming  oper- 
a t i o n .  I f  material i s  s t o r z d  a t  m u l t i p l e  p o i n t s  I n  t h e  p l a n t ,  t h e  emis s ion  
f a c t o r  should b e l a p p l i e d  t o  each o p e r a t i o n  and shou ld  a p p l y  t o  t h e  material 
being s t o r e d  a t . & a c h  b in .  
app ly  t o  small hoppers, s u r g e  b i n s  o r  t r a n s f e r  p o i n t s  t ha t  are i n t e g r a l  w i t h .  
c r u s h i n g ,  d ry ing  o r  g r i n d i n g  o p e r a t i o n s .  

The material hand l ing  and transfer f a c t o r s  do n o t  

I 

A t  socle l a r g e  meta l l ic  m i n e r a l  p r o c e s s i n g  p l a n t s ,  extensive 'mater ld  
t r a n s f e r  o p e r a t i o n s ,  w i t h  numerous conveyor b e l t  t r a n s f e r  p o i n t s ,  may be  
r e q u l r e d .  
a p p l i e d  t o  each t r a n s f e r  p o i n t  t h a t  is n o t  an i n t e g r a l  p a r t  of a n o t h e r  
p rocess  u n i t . ;  These emission f a c t o r s  shou ld  be  a p p l i e d  t o  each such  conveyor 
t r a n s f e r  p o i n t  and should1 be based on t h e  acaun t  of material t r a n s f e r r e d  
through t h z t  p o i n t .  

The ernission Eac to r s  f o r  m a t e r i a l  hand l ing  and t r a n s f e r  should be  

The e z i s s i m  f a c t o r s  f o r  m a t e r i z i  hand l ing  can a l s o  be a p p l i e d  t o  f i n a l  
product  l oad ing  €or s h l p n c c t .  ?.gain, t h e s e  f a c t o r s  shou ld  b e  a p p l i e d  t o  
each t r a n s f e r  p o i n t ,  o r e  dump o r  ocSer  p o i n t  where material is al lowed t o  
f a l l  f r e e l y .  

I 

Test d a t a  c o l l e c t e d  i n  t h e  rcinerai p r o c e s s i n g  i n d u s t r i e s  i n d i c a t e  t h a t  
t h e  m o i s t u r e  c o n t e n t  oE o r e  can nave a s i z c i f i c a n t  e f f e c t  on e a i s s i o n s  f r o =  
s e v e r a l  p r o c e s s  o p e r a t i o n s .  Eigh n o i s t u r e  g e n e r a l l y  reduces t h e  uncon- 
t r o l l e d  ernlesion r a t e s ,  and s e p a r a t e  m i s s i o n  ra tes  are  provided f o r  p r i m a r y  
c r u s h e r s ,  secondary c r u s h e r s ,  tertizr:: c r u s n e r s ,  and na t e r i a l  hand l ing  and 
t r a n s f e r  Operat ions t h a t  p rocess  h i c k  r,ols:ure o r e .  Drying and d ry  g r i n d i n g  
o p e r a t i o n s  a r e  assumed t o  produce o r  :o ir.-:o?-:e o n l y  low mois tu re  material. 

For most m e t a l l i c  n l n e r a l s  covcreci I n  :his S e c t i o 3 ,  h i g h  m o i s t u r e  o r e  
is d e f i n e d  as o r e  vhose n o i s t u r e  c m z e n f ,  2s  z e a s c r e d  a t  :he p r i m a 7  c r u s h e r  
i n l e t  o r  a t  t h e  m i n e ,  is 6 ;.eig!?r per:c,cz c r  L r e a t e r .  Ore de f ined  as h i g h  
m o i s t u r e  a t  t h e  primary c r a s h e r  is p r e s - z e d  fr 3 s  h igh  n o i s t u r e  o r e  a t  m y  
subsequent  o p e r a t i o n  f o r  vnici, h i g h  noirrzre iaitors Ere  p rcv ided ,  u n l e s s  a 
d r y i n g l o p e r a t i o n  ? recedes  t h e  o i ~ e r a r i x  under c c c s i d e r a t i o n .  
as l o r  m o i s t u r e  vhen a d r y e r  precedes t'P.2 cperazi,c?n under c o n s i d e r a t i o n  o r  , vhen t h e  o r e  n o i s t u r e  a t  t h e  n ine  o r  p r i c a r y  c r u s h e r  i s  less than 4 v e i g h t  
percent. 

Ore Is d e f i n e d  

' I  

S e p a r a t e  f a c t o r ;  are provided f c r  t2s:i:e hand l ing  o p e r a t i o n s ,  i n  t h a t  
some t v p e s  of b a u x i t e  w i t h  a moisture csr.:O-n: 2 s  h i g h  as 15 :o 18 weight 
p e r c q i t  can s t i l l  produce r e l a t i v e l y  hi:: c r n i s s l c r . ~  d u r i n s  a t e r i a l  hand l ing  

8/82 8.23-3 
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TABLE 8.23-1. IRJCONTROLI.EL) PARTICUIATE ENISSTON FACTORS FOR METALLIC MINERAL PROCESSESa 

b EInh wlmture ore b - 
l o w  moiature ore 

Procero eolaalons P n r t l c u l a t e  c l l u a t o n e  FJalmrlon. Prrtichlrtr cmiasionm O.lIarion 
kg/H8 ( Ib / ton )  < 10 m kg/Hg ( l b / t o d  c 10 um Pactor 

kR/HR ( l b l t o n )  . k n / b  ( l b l t o n )  * Rat Irri 

CcumhingC 
H Primary 0.2 (0.5) 0.02 (0.05) 0.01 (0.02) 0.004 (0.009) C 

- m  Secondary 0.6 (1.2)  HA 0.03 (0.05) 0.012 (0 .02 )  D 
n Tert lary  1.4 (2.7)  0.08 (0.16) 0.03 (0.06) 0.001 (0.02) t 

r;! 

z Wet arindlng Negl lg lb l e  - R e g l l g l b l r  - 

3 .  
E 

(A 

0 

-l 

b D q  gr lnd lng  

- 
d 

With a i r  conveying aod /o r  sir 
C h O a i f  1Ct lC iOf l  16.4 (28.8) 13.0 (26.0) d d C 

Ulthout a lr  conveying nr a i r  
c l a e e i f i c n t l o n  1.2 ( 2 . 4 )  0.16 (0.31) d d D 

Drying' 
A l l  mlncrala  b u t  titanium/ 

f I t a n i u m / z i r c o n i u ~  w i t h  
rircnnlum sands  9.8  (19.7) 5.9 (12.0) 

c y c  Lone e 0 . 3  ( 0 . 5 )  HA 

e 

e 

e 

e 

C 

C 

f H a t c r l n l  l iandllng and t r e n o f e r  
A l l  m ine ra l s  b u t  b a u x i t e  0.06 (0.12) 0.03 (0 .06)  0.00s (0.01) 0.002 (0.006) C 
Bauxlte/al tmina 0.6 (1.1) NA HA NA C 

tReferencea 9-12. 

:Baaed on weiglit of m a t c r i n l  e n t e r l n g  p r i m q  cruaher .  

eBaaed on weight of moterlal ex i t inR  d rye r .  

Cat i t rol led p a r t i c u l a t e  emlorion factors are dimcursed I n  S e c t i o n  8.23.3. NA - not a v a l l a b l e .  
Defined in Sec t ion  8.23.2. 

Baeed on weight of material e n t e r i n g  grlnder. 
u a u l l y  dried before e n t e r i n g  grinder. 

Fac to r s  are t h e  maoe for  bo th  h igh  moimture and low moimtwc orea .  becmuae u t e r i 8 1  18 

P8CCOKa are the maoe for both h igh  a o i s t u r s  and IOU moimture orem. S& cmiaaionr rre fuel 
[dependent (eee Chnpter 1). 

'Bauxite with m ~ I a t u c e  c o n t e n t  am high am 1 5  - 182 can e x h i b i t  t h e  salmalm~ character1at~ca of lov aotrtura ora. 

t l h  calamlona depend on burner  derign. caobuet ion temperature ,  ate. (ace Chapter 1). 
(P \ .  
W 
N 

Baaed on welght of material t r a d e f e r r c d .  

f ac to r  fo r  b a u x i t e  unlesa  rrtcrial cxhlbltm nbvioua aclcky. nonduat ini  characteriatiem. 

ApplIea t o  each loading or u n l o a d b g  operation mnd to each conveyor b e l t  tranmfer point .  
10v Wimture 
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procedures .  These emis s ions  could be e l i m i n a t e d  by adding s u f f i c i e n t  mols- 
t u r e  to  t h e  o r e .  b u t  b a u x i t e  then becomes so s t i c k y  t h a t  i t  is d i f f i c u l t  t o  
handle .  Thus, thcre is some advantage t o  keeping b a u x i t e  In  a r e l a t i v e l y  
d u s t y  s t a t e ,  and t h e  low mois tu re  emis s ion  f a c t o r s  g iven  r e p r e s e n t  condi- 
t i o n s  f a i r l y  t y p i c a l  of  t h e  i n d u s t r y .  

P a r t i c u l a t e  matter s i z e  d i s t r i b u t i o n  d a t a  f o r  some p r o c e s s  o p e r a t i o n s  
have been ob ta ined  f o r  c o n t r o l  d e v i c e  i n l e t  streams. S i n c e  these i n l e t  
screams c o n t a i n  p a r t i c u l a t e  matter from s e v e r a l  a c t i v i t i e s ,  a v a r i a b i l i t y  
h a s  been a n t i c i p a t e d  i n  t h e  c a l c u l a t e d  s ize  s p e c i f i c  emission f a c t o r s  f o r  
p a r t i c u l a t e s .  

Emission f a c t o r s  f o r  p a r t i c u l a t e  matter e q u a l  t o  or  less than 10vm 
aerodynamic dlar?.eter, from a l i m i t e d  number of tests performed t o  charac- 
ter ize  t h e  p rocesses ,  are p r e s e n t e d  i n  Tab le  8.23-1. 

I n  some p l a n t s ,  I p a r t i c i l a t e  emis s ions  fiom m u l t i p l e  p i e c e s  of equipment 1 and Opera t ions  are c o l l e c t e d  and ducted t o  a c o n t r o l  dev ice .  
e x a h a t i o n  of r e f e r e n c e  documents is recommended b e f o r e  a p p l i c a t i o n  of t h e  
f a c t o r s  t o  s p e c i f i c  p l a n t s .  

The re fo re ,  
' /  

' 1 
I Emission f a c t o r s  f o r  p a r t i c u l a L e  matter e q u a l  t o  or less  than 10pm from 

high moi s tu re  p r i c a r y  c r u s h i n g  o p e r a t i o n s  and material hand l ing  and t r a n s f e r  
o p e r a r l o n s  were base;d on test r e s u l t s  u$ua l ly  in t h e  30 t o  40 u e i g h t  p e r c e n t  
range. However, h i g h  v a l u e s  were o b t a i n e d  f o r  h i g h  m o i s t u r e  ore a t  b o t h  t h e  
prizmry c r u s h i n g  and t h e  material hand l ing  and transfer o p e r a t i o n s ,  and 
these were included t n  t h e  average v a l u e s  i n  t h e  Table.  
range o c c u r t e l  i n  the low m o i s t u r e  d r y i n g  o p e r a t i o n .  

1 1 

A s i m i l a r l y  wide 

I 

S e v e r a l  o t h e r  f a c t o r s  n r e  g e n e r a l l y  assumed t o  a f f e c t  t h e  l e v e l  of  
emis s ions  f r o 3  n p a r t i c u l a r  p r o c e s s  o p e r a t i o n .  
i s t i c s  such as hardness ,  c r y s t a l  and g r a i n  s t r u c t u r e ,  and f r i a b i l i t y .  
Equipment d c - s i p  c h a r a c t a r i s t i c s ,  such as c r u s h e r  type.  could a l s o  a f f e c t '  
t he  emis s ions  l e = . e l .  At t h i s  t h e ,  d a t a  are n o t ,  s u f f i c i e n t  t o  q u a n t i f y  each 
of chess  v a r i a b l e s .  

These i n d u d e  o r e  c h a r a c t e r -  

8 . 2 3 . 3  Cont ro l l ed  ~ n i s s i o n s " 9  

Erissiocs f r c c  n e t a l l i c  n i n e r a l  p r o c e s s i n g  p l a n t s  are usually c o n t r o l l e d  
. w i t h  w e t  s c r c b b e r s  o r  baghouses. For moderate t o  heavy u n c o n t r o l l e d  enis- 

sicr. ra tes  fr3z  t !TF=nl  d r y  o r e  o p e r a t i o n s ,  d r y e r s  and d r y  g r i n d e r s ,  a w e t  
s c t u 5 b e r  L-F::? Y r e s E c r c  drop of  1 . 5  t o  2.5 k i l o p a s c a l s  (6  t o  10  inches of  
wa te r )  w i l l  redcce ezissions by a p p r o x h a t e l y  95 percen'r. With ve ry  low 
u n c o n t r o l l e d  e n i s s i o n  r3t0-9 t y p i c a l  o f  h i g h  m o i s t u r e  c o n d i t i o n s ,  t h e  
pe rcen tage  r educ t ion  w i l l  be  lower .(approximately 70 p e r c e n t )  . 

her, 
r z ined  bogh?use  ---;i: reduce emissions t o  a r e l a t i v e l y  c o n s t a n t  o u t l e t  
concentra: icn.  
c o n s i s t e n t l y  reduce emis s ions  t o  less than  0.05 grams p e r  d r y  sitdndard c u b i c .  
nec-zr (0.09 Era ins  pe r  d ry  s t anda rd  c u t i c  f o o r ) ,  w i t h  an ave rage  concentra-  
t i o n  of 0.015 f i d s : -  (0.006 $ r / d s c € ) .  Under c o n d i t i o n s  of moderate t o  hfph 
u n c o n t r o l l e d  e- i sc i : :n  r a t e s  of  t y p i c a l  dry o r e  f a c i l i t i e s ,  t h i s  l e v e l  cf 

v f e e  r;ci:e o f  i n l e t  mass l o a d i n g s ,  a w e l l  designed and na in -  

Such baghouscs t e s t e d  i n  t h e  m i n e r a l  p r o c e s s i n g  i n d u s t r y  
I 

e 

u ?3-5 
'2 C , t r j ?  ? ! inern1  ? r o d u c t s  ?ndus:ry - .- 

I 
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c o n t r o l l e d  emiss ions  r e p r e s e n t s  g r e a t e r  than 99 p e r c e n t  removal of p a r t i c -  
u l a t e  emiss ions .  Because baghouses reduc, emissions '  t o  a r e l a t i v e l y  c o n e t a n t  
o u t l e t  c o n c e n t r a t i o n ,  percentage  emission r e d u c t i o n s  would be less f o r  
baghouses on f a c i l i t i e s  v i c h  a low l e v e l  of u n c o n t r o l l e d  emiss ions .  

References for S e c t i o n  8.23 

1. 

9 .  

3. 

4. 

5 .  

6 .  

7. 

8 .  

9 .  

D.  Krnm, "Modern Mineral  P r o c e s s h g :  Drying, C a l c i n i n g  and Agglo- 
meration' ' ,  Engineering and Mining J o u r n a l ,  =(6):134-151, June 1980. 

A. Lynch, Mineral  Crushing and Grinding C i r c u i t s ,  E l s e v i e r  S c i e n t i f i c  
P u b l i s h i n g  Company, New York, 1977. 

"Modern H i n e r a l  Process ing  : Crindlng",  Engineer ing and Mining J o u r n a l ,  - 181 (161)  :106-113, June 1980. 

L. Moll ick,  ",%dern PLineral Process ing:  Crushing", Engineer ing  and 
Mining J o u r n a l ,  E ( 6 . )  :96-103, June 1980. 

R.  H .  Perry, e t  a l . ,  Cheplcal  Engineer 's  Handbook, 4 t h  Ed, McCrau-Hill, 
New York, 1963. 

R. Richards  and C.  L o c k ,  Textbook of O r e  Dress inq ,  M c G r a w - H i l l ,  New 
York, 1940. 

"Modern U i n e r a l  Processing: 
Engineerine and Hining J o u r n a l ,  &(6):156-171, June  1980. 

U. E. Horst  and R. C. Enochs, "Modern Minera l  Process ing:  I n s t r u -  
mentat ion and Process  Concrol", Engineer ing and Mlnlnn Journal, - 181 (6) : 70-92, June 1980. 

M e t a l l i c  Mineral  Process ing  P l a n t s  - Background Informat ion  f o r  Proposed 
Standards  (Draft) .  EPA Con:ract No. 68-02-3063, TRW, Research T r i a n g l e  
Park,  NC, 1981. 

A i r  and Water P o l l u t i o n  Controls" ,  

10. Telephone comnunication between E. C. Monnig, TRU Environmental  
Div is ion ,  and R. Beale, Associated : l i n e r a l s ,  Inc., May 17, 1982. 

11. W r i t t e n  communication from U. R. Chalker ,  DuPont, I n c . ,  t o  S .  T. Cuffe ,  
U. S .  Environmental P r o t e c t i o n  A g e x y ,  Research T r i a n g l e  Park,  NC, 
December 21, 1981. 

12. Writ ten  ccnmunicntion from P .  H. Fournet ,  Kaiser  Aluminum and Chemical 
Corporat ion,  t o  2 .  T. Cuffe ,  U. 3. Environnenta l  P r o t e c t i o n  Agency, 
Research T r i a n g l e  Park,  :1C, Ehrch 5 ,  1982. 

8.23-6 EMISSION FACTORS 8/82 

I I ! 



I 
t .  
1 
I 
I 
I 
I 
I 
1 
I’ 
I 
I 
I 
1 
I 
I 

i 
~I 

If . ‘. 

I -‘ 

. ”. SECTION VI 

1 1 . 2 . 1  UNPAVED ROADS 

11 .2 .1 .1  General  

Dust plumes t r a i l i n g  behind v e h i c l  t r a  - 1 i n  on unpaved ra ds are  a 
When a v e h i c l e  t r a v e l s  

P a r t i c  es are  l i f t e d  and dropped from t h e  
exposed t o  s t r o n g  a i r  c u r r e n t s  i n  

f a m i l i a r  s i g h t  i n  r u r a l  a-reas of  t h e  United S t a t e s .  
an  unpaved road ,  t h e  f o r c e  of t h e  whee ’ s  on t h e  road s u r f a c e  causes  p u l -  
v e r i z a t i o n  of  s u r f a c e  m a t e r i a l .  
r o l l i n g  wheels ,  and t h e  road s u r f a c e  ‘ 
t u r b u l e n t  s h e a r  w i t h  t h e  s u r f a c e .  T’ t u r b u l e n t  wake behind-  t h e  v e h i c l e  
con t inues  t o  a c t  on t h e  road s u r f a c e  . e r  t h e l v e h i c l e  has  pas sed .  

11 .2 .1 .2  Emissions and C o r r e c t i o n  Pa, ieters I 

I 

The q u a n t i t y  of  d u s t  emis s ions  i am a g iven  segment1 o f  unpaved road 
/A lso ,  f i e l d  l i n v e s t i g a , t i o n s  v a r i e s  l i n e a r l y  w i t h  t h e  volume of t f f i c .  

have shown t h a t  emis s ions  depend on c r r e c t i o n  pa rame te r s  (av,erage v e h i c l e  
- speed ,  average  v e h i c l e  we igh t ,  a v e r a f  number of wheels  p e r  v e h i c l e ,  road 

s u r f a c e  t e x t u r e  and road s u r f a c e  mois d r e )  t h a t  c h a r a c t e r i z e  t h e  c o n d i t i o n  
of a p a r t i c u l a r  road and t h e  a s soc ia t c  i v e h i c l e  I 

Dust emis s ions  from unpaved rot? ‘; have been found t o  v a r y  i n  d i r e c t  
p r o p o r t i o n  t o  t h e  f r a c t i o n  of  s i l t  ( a r t i c l e s  s m a l l e r  / t h a n  75 micrometers  
i n  d i ame te r )  i n  t h e  road s u r f a c e  mal : r i a l ,  The s i l t  I f r a c d i o n  is d e t e r -  
mined by measuring t h e  p r o p o r t i o n  of loose d r y  s u r f a c e  d u s t  t h a t  p a s s e s  a 
200 mesh s c r e e n ,  u s i n g  t h e  AS’l?l-C-136 method. Tablie 11.2.1-1 summarizes . 
measured s i l t  v a l u e s  f o r  i n d u s t r i a l  and r u r a l  unpaved roads .  

TABLE 11.2.1-1. TYPICAL SILT CONTENT VALUES OF SURFACE MATERIALS ON 
INDUSTRIAL AND RURAL UNPAVED ROADS” 

I n d u s t r y  Road use  o r  No. of t e s t  S i 1  t ( X )  
s u r f a c e  m a t e r i a l  samples  Range Mean I 

i r o n  and s t e e l  

l acon ice  mining and 
product ion  P l a n t  road 

p rocess ing  Haul road 
- 

S e r v i c e  road 
Western s u r f a c e  c o a l  

mining Access road 
Haul road * 

S c r a p e r  road 
H a u l  road 

( f r e s h l y  graded)  
R u r a l  roads  Gravel  

D i r t  

13 

12 
8 

3 
4. 

21 
10 
5 

2 
1 

7 . 3  4 . 3  - 13 
3 . 7  - 9 . 7  5 . 8  
2.4 - 7 . 1  ’ k . 3  

4 . 9  - 5.3 5 . 1  
2 . 8  - 18 8 . 4  I 

7.2 - 25 l i  
18 - 29 2G 

1’2 - 13 12 
68 

a References 1 - 9 .  . 
j , ’23  Plis ce 1 l ~ n e o u s  Sources 11.2.1-1 
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The s i l t  c o n t e n t  of a r u r a l  d i r t  road w i l l  v a r y 4 t h - l a r a t h ; ' a n d  i t  
should  be measured. A s  a c o n s e r v a t i v e  3pproximat Ion .  t h e  s i l t  c o n t e n t  o f  
t h e  p a r e n t  soil i n  t h e  a r e a  can be used .  However, t es t s  show t h a t  road 
s i l t  c o n t e n t .  is normal ly  l o v e r  t han  t h e  su r round ing  p a r e n t  s o i l ,  because  
t h e  f i n e s  a r e  c o n t i n u a l l y  removed by t h e  v e h i c l e  t r a f f i c ,  l e a v i n g  a h i g h e r  
p e r c e n t a g e  of  c o a r s e  p a r t i c l e s .  

Unpaved roads  have a ha rd  nonporous s u r f a c e  t h a t  u s u a l l y  d r i e s  q u i c k l y  
a f t e r  J r a i n f a l l .  The temporary r e d u c t i o n  i n  emis s ions  because  of p r e c i p i -  
t a t i o n  may be accounted  f o r  by n e g l e c t i n g  emis s ions  on "wet" days  [more 
than  0.254 rn (0.01 i n . )  of p r e c i p i t a t i o n ] .  

1 1 . 2 . 1 . 3  P r e d i c t i v e  Emission F a c t o r  Equat ions  

The fo l lowing  e m p i r i c a l  e x p r e s s i o n  may be  used t o  estimate t h e  quan- 
t i t y  of size s p e c i f i c  p a r t i c u l a t e  emis s ions  from an unpaved road ,  p e r  ve- 
h i c l e  u n i t  o f  t r a v e l ,  w i t h  a r a t i n g  of  A: 

where: E = emiss ion  f a c t o r  
k = p a r t i c l e  size m u l t i p l i e r  ( d i m e n s i o n l e s s )  
s = s i l t  c o n t e n t  of road s u r f a c e  mater ia l  ( X )  
S = mean v e h i c l e  speed ,  b / h r  (rnph) 
W = mean v e h i c l e  we igh t ,  tlg ( t o n s )  
w = mean number of  wheels 
p = number of days  wi th  a t  l e a s t  0.254 m (0 .01  i n . )  of pre- 

. c i p i t a t i o n  p e r  y e a r  

The p a r t i c l e  s i ze  m u l t i p l i e r  (k) i n  Equat ion  1 varies w i t h  aerodynamic pa r -  
t i c l e  s ize  range a s  fo l lows :  

Aerodynamic P a r t i c l e  S i z e  t l u l t i p l e r  
f o r  Equat ion  1 

0.80 0 . 5 7  0.45 0.28 0.16 
I 

The number of wet days  p e r  y e a r  ( p )  f o r  t h e  geograph ica l  a r e 3  o f  i n -  
t e r e s t  shou ld  be de te rmined  from l o c a l  c l i m a t i c  d a t a .  F i g u r e  11.2.1-1 
gives  t h e  geograph ica l  d i s t r i b u t i o n  o f  t h e  mean annual  number of  wet days 
p e r  y e a r  i n  t h e  United S t a t e s .  

Equat ion  1 r e t a i n s  t h e  a s s igned  q k a l i t y  r a t i n g  i f  a p p l i e d  w i t h i n  t h e  
ranges o f  s o u r c e  c o n d i t i o n s  t h a t  were tes ted  i n  deve loping  t h e  e q u a t i o n ,  a s  
f 0 l lows  : * 

11.2.1-2 EMISSION FACTORS 5 / 5 3  
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Range o f  Source  Cond i t ions  f o r  Equat ion  1 '*: *. a -- 

Road 
s u r f a c e  

s i l t  Hean v e h i c l e  tlean v e h i c l e  tlean 
c o n t e n t  w e i g h t  speed No. of  

(XI t o n s  km/ h r  mPh wheels  

3 - 157 21 - 64 13 - 40 4 - 13 4 . 3  - 20 2.7 - 142 

., ... .. . 

. .  

Also, t o  r e t a i n  t h e  q u a l i t y  r a t i n g  of Equa t ion  1 a p p l i e d  t o  a s p e c i f i c  un- 
paved road ,  i t  i s  n e c e s s a r y  t h a t  r e l i a b l e  c o r r e c t i o n  parameter  v a l u e s  f o r  
the  s p e c i f i c  road i n  q u e s t i o n  be determined.  The f i e l d  and l a b o r a t o r y  pro- 
cedures  f o r  de t e rmin ing  road  surface s i l t  c o n t e n t  a r e  g iven  i n  Reference  4. 
In the  e v e n t  that s i t e  s p e c i f i c  v a l u e s  f o r  c o r r e c t i o n  pa rame te r s  cannot  be 
o b t a i n e d ,  t h e  a p p r o p r i a t e  mean v a l u e s  from T a b l e  11.2.1-1 may be used ,  b u t  
t h e  q u a l i t y  r a t i n g ' o f  t h e  e q u a t i o n  is reduced t o  B. 

Equa t ion  1 was developed f o r  c a l c u l a t i o n  o f  annua l  ave rage  e m i s s i o n s ,  
and t h u s ,  i s  t o  be m u l t i p l i e d  by annua l  s o u r c e  e x t e n t  in v e h i c l e  d i s t a n c e  
t r a v e l e d  (VDT). Annual ave rage  v a l u e s  f o r  e a c h  of t h e  c o r r e c t i o n  param- 
e ters  a r e  t o  be  s u b s t i t u t e d  i n t o  t h e  e q u a t i o n .  Worst c a s e  e m i s s i o c s ,  co r -  
responding  t o  d r y  road c o n d i t i o n s ,  may be  c a l c u l a t e d  by s e t t i n g  p = 0 i c  
Equa t ion  1 (vh ich  i s  e q u i v a l e n t  t o  dropping  t h e  Las t  term from t h e  equa- 
t i o n ) .  A s e p a r a t e  s e t  of n o n c l i m a t i c  c o r r e c t i o n  pa rame te r s  a n d  a h i g h e r  
t h a n  normal VDT v a l u e  may a l s o  be j u s t i f i e d  f o r  t h e  worst case  ave rag ing  
p e r i o d  ( u s u a l l y  24 h o u r s ) .  S i m i l a r l y ,  t o  c a l c u l a t e  emis s ions  f o r  a 91 day 
season  of  t h e  y e a r  u s ing  Equa t ion  1, replace t h e  term (365-p\!365 w i t h  t h e  
term (91-p)/91,  and set  p e q u a l  t o  t h e  number o f  wet days  i n  t h e  91  day pe- 
r i o d .  Also, u s e  a p p r o p r i a t e  s e a s o n a l  v a l u e s  f o r  t h e  n o n c l i m a t i c  c o r r e c t i o n  
pa rame te r s  and f o r  VDT. 

c- 

11.2 .1 .4  Cont ro l  Methods 

Common c o n t r o l  t echn iques  f o r  unpaved roads  a r e  pav ing ,  s u r f a c e  t r e a t -  
i n g  wi th  p e n e t r a t i o n  chemica l s ,  working soil s t a b i l i z a t i o n  chemica ls  i n t o  
t h e  roadbed, w a t e r i n g ,  and t r a f f i c  c o n t r o l  r e g u l a t i o n s .  Paving ,  3s a ccn- 
t r o l  t e c h n i q u e ,  is o f t e n  n o t  economica l ly  p r a c t i c a l .  S u r f a c e  chemical  
t r e a t m e n t  and wa te r ing  can  be accomplished w i t h  moderate  t o  low c o s t s ,  b u t  
f r e q u e n t  r e t r e a t m e n t s  a r e  r e q u i r e d .  T r a f f i c  c o n t r o l s  such a s  s?eed limits 
and t r a f f i c  volume r e s t r i c t i o n s  p rov ide  moderate  emis s ion  r e d u c t i o n s  b u t  
may be d i f f i c u l t  t o  e n f o r c e .  Tab le  11.2.1-3 shows approximate c o n t r o l  e f -  
f i c i e n c i e s  a c h i e v a b l e  f o r  each  method. Water ing ,  because  of t h e  f re?cency  
of t r e a t m e n t s  r e q u i r e d ,  ,is g e n e r a l l y  n o t  f e a s i b l e  f o r  p u b l i c  r o a d s  z.o.' :s 
e f f e c t i v e l y  u s e d  o n l y  where wa te r  and w a t e r i n g  equipment a r e  a v c l ; z > l e  :,:t 

where roads  a r e  conf ined  t o  a s i n g l e  s i t e ,  such  a s  a c o n s t r u c t i o n  l o r s t : - : .  c- 
- .  . . . .  11.2.1-4 EMISSION FACTORS - .  

I I ? ?  
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TABLE 11.2.1-3. CONTROL HETHODS FOR UNPAVED ROADS" 

Control method 

Approximate 
control 

efficiency 
(%I 

Paving 
Treating surface with penetrating 

Working soil stabilizing chemicals 

Speed control 

chemi ca 1s 

into roadbeg 

48 kph (30 rnph) 
32 kph (2O'mph) ' 

24 kph (15 mph) 

85 

50 

50  

25 
50 
63 

a Based on the assumption that "uncontrolled" speed is 
typically 64 kph (40 mph). 
(13 and 40 rnph), emissions are linearly proportional 
to vehicle speed (see Equation 1). 

Between 21 and 64 kph 
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11.2.6 INDUSTRIAL PAVED ROADS 

11.2.6.1 General  

Various f i e l d  s t u d i e s  have i n d i c a t e d  t h a t  d u s t  emis s ions  from indus-  
t r i a l  paved roads a r e  a major component of  a tmosphe r i c  p a r t i c u l a t e  m a t t e r  
in t h e  v i c i n i t y  of i n d u s t r i a l  Opera t ions .  I n d u s t r i a l  t r a f f i c  d u s t  has  been 
found t o  c o n s i s t  p r i m a r i l y  of mine ra l  matter, m o s t l y  t r a c k e d  or d e p o s i t e d  
on to  t h e  roadway by v e h i c l e  t r a f f i c  i t s e l f  when v e h i c l e s  e n t e r  from a n  un- 
paved a r e a  o r  t r a v e l  on t h e  shou lde r  of t h e  r o a d ,  or when m a t e r i a l  i s  
s p i l l e d  on to  t h e  paved s u r f a c e  from h a u l  t r u c k  t r a f f i c .  

11.2.6.2 Emissions and Cor rec t ion  Parameters  

The q u a n t i t y  of  d u s t  emiss ions  from a g i v e n  segment of paved road var- 
ies l i n e a r l y  wi th  t h e  volume of t r a f f i c .  In a d d i t i o n ,  f i e l d  i n v e s t i g a t i o n s  
have shown t h a t  emis s ions  depend on c o r r e c t i o n  pa rame te r s  ( road  s u r f a c e  
s i l t  c o n t e n t ,  s u r f a c e  d u s t  loading  and ave rage  vehicle we igh t )  of a par-  
t i c u l a r  road and a s s o c i a t e d  v e h i c l e  t r a f f i c .  l-* 

Dust emiss ions  from i n d u s t r i a l  paved roads  have  been found t o  vary  i n  
d i r e c t  p r o p o r t i o n  t o  t h e  f r a c t i o n  of s i l t  ( p a r t i c l e s  75 pm i n  d i ame te r )  
i n  t h e  road s u r f a c e  m a t e r i a l .  1-2 The s i l t  f r a c t i o n  i s  de termined  by mea- 
s u r i n g  t h e  p r o p o r t i o n  o f  l o o s e  d r y  s u r f a c e  d u s t  t ha t  p a s s e s  ‘a 200 mesh 
s c r e e n ,  u s ing  t h e  ASTn-C-136 method. In a d d i t i o n ,  it has also been found 
t h a t  emis s ions  v a r y  i n  d i r e c t  p r o p o r t i o n  t o  t h e  s u r f a c e  d u s t  
The road s u r f a c e  d u s t  l oad ing  i s  t h a t  l o o s e  mater ia l  which can be c o l l e c t e d  
by vacuuming and broom sweeping t h e  t r a v e l e d  p o r t i o n  of  t h e  paved road .  
Table  11.2.6-1 summarizes measured s i l t  and l o a d i n g  v a l u e s  for i n d u s t r i a l  
paved roads .  

TABLE 11.2.6-1. TYPICAL SILT CONTENT AND LOADING VALUES FOR 
PAVED ROADS AT IRON AND STEEL PLAX”Sa 

S i 1  t ( f )  Loading 
Trave l  Range tlean 

I n d u s t r y  l a n e s  Range Mean kg/km lb/rni kg/km lb /mi  

I r o n  and 
s t e e 1  
product  i o n  2 1.1 - 13 . 5.9 18 - 4,800 65 - 17,000 760 2,700 

a References  1-3 .  Based on  n ine  test samples .  

Eli s c e l  l aneous  Sources 11.2.6-1 
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. .  .. r -  d. . - -- 1 1 . 2 . 6 . 3  P r e d i c t i v e  Emission F a c t o r  E q u a t i o n  

The q u a n t i t y  of  p a r t i c u l a t e  emis s ions  g e n e r a t e d  by v e h i c l e  t r a f f i c  on 
d ry  i n d u s t r i a l  paved r o a d s ,  p e r  v e h i c l e  mile t r ave led ,  may be es t im: l ted ,  
w i t h  a r a t i n g  of B o r  D ( s e e  be low) ,  u s iug  t h e  fo l lowing  e m p i r i c a l  e x p r e s -  
s i o n :  

&ere: E = ernisAion f a c t o r  i I 

I k = p a r t i c l e  s ize  m u l t i p l i e r  (d imens ionldss)  ( s e e  below) 
I = i n d u s t r i a l  augmenta t ion  f a c t o r  (d imens ion le s s )  ( s e e  below) 
n = number of t r a f f i c  l a n e s  
s = s u r f a c e  m a t e r i a l  s i l t  c o n t e n t  ( X )  
L i =  s u r f a c e  d u s t  l o a d i n g ,  kg/km ( l b / m i l e )  (see i e l o w )  
W '= ave rage  v e h i c l e  we igh t ,  tlg ( t o n s )  

I 

' I  I 
The p a r t i c l e  size m u l t i p P e r  (k) above var ies  w i t h  aerodynamic s i ze  range  as 
fo l lows  : I 

I 

1 Aerodynamic P a r t i c l e  S i z e  Hul t i p l i e r  (k) 
for Equat ion  1 

. * .. 

I 

0.86 0.64 0.51 0.32 0.17 

To de te rmine  p a r t i c u l a t e  emis s ions  f o r  a s p e c i f i c  p a r t i c l e  s i z e  r ange ,  u se  
t h e  a p p r o p r i a t e  v a l u e  of k shown above. 

The i n d u s t r i a l  road augmenta t ion  f a c t o r  ( I )  i n  t h e  e q u a t i o n  t a k e s  i n t o  
account  h i g h e r  emis s ions  from i n d u s t r i a l  roads than  from urban r o a d s .  I = 
7 . 0  f o r  an i n d u s t r i a l  roadway which t r a f f i c  e n t e r s  from unpaved a r e a s .  I = 
3.5 f o r  an  i n d u s t r i a l  roadway with unpaved s h o u l d e r s .  I = 1.0  f o r  c a s e s  i n  
which t r a f f i c  does cot t r a v e l  unpaved a r e a s .  A v a l u e  of I between 1 .0  and 
7 . 0  should  be used i n  t h e  e q u a t i o n  which b e s t  r e p r e s e n t s  c o n d i t i o n s  f o r  
paved roads  a t  a c e r t a i n  i n d a s t r i a l  f a c i l i t y .  

The equa t ion  r e t a i n s  i h e  q u a l i t y  r z t i n g  of  B i f  app l i ed  t o  v e h i c l e s  
t r a v e l i n g  e n t i r e l y  on paved s u r f a c e s  (1  = 1.0)  and i f  a p p l i e d  w i t h i n  t h e  
range of s o u r c e  c o n d i t i o n s  t h a t  were t e s t e d  i n  deve loping  t h e  e q u a t i o n  a s  
fo l lows  : 

11.2.6- 2 
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1 1 . 2 . 3  AGGREGATE HAKDLING AND STORAGE PILES 

11.2.3.1 Genera l  

. .  

I n h e r e n t  . in o p e r a t i o n s  t h a t  use m i n e r a l s  i n  a g g r e g a t e  form is  t h e  
maintenance of  ou tdoor  s t o r a g e  p i l e s .  S t o r a g e  p i l e s  a r e  u s u a l l y  l e f t  un- 
covered ,  p a r t i a l l y  because o€ t h e  need f o r  f r e q u e n t  m a t e r i a l  t r a n s f e r  i n t o  
o r  o u t  of  s t o r a g e .  

Dust emis s ions  occur  a t  s e v e r a l  p o i n t s  i n  t h e  s t o r a g e  c y c l e ,  d u r i n g  
m a t e r i a l  l o a d i n g  on to  t h e  p i l e ,  du r ing  d i s t u r b a n c e s  by s t r o n g  wind c u r -  
r e n t s ,  and d u r i n g  loadou t  from t h e  p i l e .  The movement of  t r u c k s  and load -  
i n g  equipment i n  t h e  s t o r a g e  p i l e  a r e a  is a l s o  a s u b s t a n t i a l  s o u r c e  of 
d u s t  . 

I 

11.2.3.2 Emissions and C o r r e c t i o n  Parameters 
I 

The q u a n t i t y  of d u s t  emiss ions  from a g g r e g a t e  s t o r a g e  o p e r a t i o n s  v a r -  
ies  w i t h  the volume of aggrega te  pas s ing  through t h e  s t o r a g e  c y c l e .  A l s o ,  
emiss ions  depend on t h r e e  c o r r e c t i o n  parameters  t h a t  c h a r a c t e r i z e  t h e  con- 
d i t i o n  of a p a r t i c u l a r  s t o r a g e  p i l e :  
p r o p o r t i o n  of . a g g r e g a t e  f i n e s .  

age  of t h e  p i l e ,  m o i s t u r e  c o n t e n i  a;ldl 

When f r e s h l y  p rocessed  aggrega te  is loaded  o n t o  a s t o r a g e  p i l e ,  i t s  I 
p o t e n t i a l  for d u s t  emis s ions  is a t  a maximum. F i n e s  a r e  e a s i l y  d i s a g g r e -  I 
ga ted  and r e l e a s e d  t o  t h e  atmosphere upon exposure  t o  a i r1  c u r r e n t s  f r o m  2 ~ -  

g r e g a t e  t r a n s f e r  i t s e l f  o r  h igh  winds. As t h e  a g g r e g a t e  w e a t h e r s ,  hsk- 
e v e r ,  p o t e n t i a l  f o r  d u s t  emiss ions  i s  g r e a t l y  reduced .  Y o i s t u r e  causes  ag- 
g r e g a t i o n  and cementa t ion  of f i n e s  t o  t h e  s u r f a c e s  o f  l a r g e r  p a r t i c l e s .  
Any s i g n i f i c a n t  r a i n f a l l  soaks t h e  i n t e r i o r  o f  t h e  p i le . ,  and t h e  d r y i n g  
p r o c e s s  is very slow. I I 

F i e l d  i n v e s t i g a t i o n s  have shown t h a t  emis s ions  from a g g r e g a t e  s t o r z p e  
o p e r a t i o n s  vary i n  d i r e c t  p r o p o r t i o n  t o  t h e  p e r c e n t a g e  of  s i l t  ( p a r t i c l e s  
< 75 pm i n  d i a m e t e r )  i n  t h e  aggrega te  m a t e r i a l .  The s i l t  c o n t e n t  is d e -  
t enn ined  by measuring t h e  p r o p o r t i o n  of dry  a g g r e g a t e  m a t e r i a l  t h a t  pas ses  
through a 200 mesh s c r e e n ,  u s ing  AS"?l-C-136 me.thod. Tab le  11.2.3-1 suT-Ta- 
rizes measured s i l t  and moi s tu re  v a l u e s  f o r  i n d u s t r i a l  a g g r e g a t e  materi2:z.  

11.2.3.3 P r e d i c t i v e  Emission F a c t o r  Equat ions  

T o t a l  d u s t  emis s ions  from aggrega te  s t o r a g e  p i l e s  a r e  c o c t r i b u t i o n s  o i  

1.  Loading of aggrega te  onto  s t o r a g e  p i l e s  ( b a t c h  o r  con t inuoas  

2 .  Equipment t r a f f i c  i n  s t o r a g e  a r e a :  
3. Wind e r o s i o n  of p i l e  s u r f a c e s  and ground a r e a s  around p i i s a s .  
4 .  Loadout o f  agg rega te  f o r  shipment or f o r  r e t u r n  t o  t h e  pr:ct-- 

s e v e r a l  d i s t i n c t  sou rce  a c t i v i t i e s  w i t h i n  t h e  s t o r a g e  c y c l e :  

o p e r a t i o n s ) .  

s t r eam ( b a t c h  o r  cont inuous drop o p e r a t L o n s ) .  

5 / 2 3  
. .  Yisce l  larieous Sources . - 
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S i l t  
c o n t e n t  S u r f a c e  load ing  No. o f  Veh ic l e  weight  

(%I k g / h  l b / m i l e  l a n e s  HI3 t o n s  

5.1 - 92 42.0 - 2,000 149 - 7,100 2 - 4  2.7 - 12 3 - 13 
I f  I > 1 . 0 ,  t h e  r a t i n g  of t h e  e q u a t i o n  drops  t o  D because  of  t h e  a r b i t r a r i -  
n-ess i n  t h e  g u i d e l i n e s  f o r  e s t i m a t i n g  I .  

A l so ,  t o  r e t a i n  t h e  q u a l i t y  r a t i n g s  o f  Equa t ion  1 a p p l i e d  t o  a spe-  
c i f i c  i n d u s t r i a l  paved r o a d ,  i t  i s  necessa ry  t h a t  r e l i a b l e  c o r r e c t i o n  pa- 
rameter  v a l u e s  for t h e  s p e c i f i c  road i n  q u e s t i o n  be de te rmined .  The f i e l d  
and l a b o r a t o r y  procedures  f o r  de t e rmin ing  s u r f a c e  m a t e r i a l  s i l t  c o n t e n t  and 
s u r f a c e  d u s t  l oad ing  a r e  g i v e n  in Reference 2 .  I n  t h e  e v e n t  t h a t  s i t e  spe-  
c i f i c  v a l u e s  f o r  c o r r e c t i o n  parameters  cannot  be o b t a i n e d ,  t h e  a p p r o p r i a t e  
mean v a l u e s  from Table  11.2.6-1 may be u s e d ,  b u t  t h e  q u a l i t y  r a t i n g s  o f  t h e  
e q u a t i o n  a r e  reduced by one l e v e l .  

References  for S e c t i o n  11.2.6 

1. R .  Bohn, e t  a l . ,  F u g i t i v e  Emissions from I n t e g r a t e d  I r o n  and S t e e l  
P l an t s ,  EPA-600/2-78-050, U .  S. Lnvironmental  P r o t e c t i o n  Agency, 
Research T r i a n g l e  Park, N C ,  March 1978. 

2 .  C .  Cowherd, J r . ,  e t  a l . ,  I r o n  and S t e e l  P l a n t  Open Dust Source F u g i -  
t i v e  Emission E v a l u a t i o n ,  EPA-600/2-79-103, U. S.  Environmental  Pro- 
t e c t i o n  Agency, Research  T r i a n g l e  Pa rk ,  NC,  Hap 1979. 

3. R .  Bohn, E v a l u a t i o n  of  Open Dust Sources  i n  t h e  V i c i n i t y  of  B u f f a l o ,  
New York, U .  S .  Environmenta l  P r o t e c t i o n  Agency, New York, N?', Harch 
1979. 
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TABLE 11.2.3-1. TYPICAL SILT AND HOLSTURE CONTENT VALUES 
OF MATERIALS AT VARIOUS INDUSTRIES 
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Adding a g g r e g a t e  m a t e r i a l  t o  a s t o r a g e  p i l e  or removing it u s u a l l y  i n -  
vo lves  dropping  t h e  m a t e r i a l  on to  a r e c e i v i n g  s u r f a c e .  Truck dumping on 
. t h e  p i l e  o r  l oad ing  o u t  from t h e  p i l e  t o  a t r u c k  w i t h  a f r o n t  en1 l o a d e r  
a r e  examples of b a t c h  drop  o p e r a t i o n s .  Adding m a t e r i a l  t o  t h e  p i l e  by a 
conveyor s t a c k e r  i s  an  example of a con t inuous  d rop  o p e r a t i o n .  

The q u a n t i t y  of p a r t i c u l a t e  emis s ions  g e n e r a t e d  by a b a t c h  drop  opera-  
t i o n ,  p e r  t o n  of m a t e r i a l  t r a n s f e r r e d ,  may be e s t i m a t e d ,  w i t h  a r a t i n g  o f  
C ,  u s i n g  t h e  fo l lowing  e m p i r i c a l  expression ' :  

The p a r t i c l e  s ize  m u l t i p l e r  (k) for Equat ion  1 v a r i e s  
t i c l e  size, shown in Tab le  11.2.3-2. 

E = k(0.0018) ( l b /  t o n )  

where: E = emiss ion  f a c t o r  
k = p a r t i c l e  s i ze  m u l t i p l e r  ( d i m e n s i o n l e s s )  
s = m a t e r i a l  s i l t  c o n t e n t  ( X )  
U = mean wind speed ,  m/s (mph) 
H = drop  h e i g h t ,  m ( f t )  
M = m a t e r i a l  mo i s tu re  c o n t e n t  ( X )  
Y = duxuping dev ice  c a p a c i t y ,  m3 (yd2)  

i t h  aerodynamic pa r -  

T A B U  11.2.3-2. AERODYNAMIC .PARTICLE SIZE 
MnTIPLIER (k) FOR 
EQUATIONS 1 AND 2 

0.23 0.13 Batch drop  0 . 7 3  0 . 4 8  0.36 

Continuous 
drop  0 . 7 7  0 . 4 9  0.37 c.21 0.11 

ope 
O f  

The q u a n t i t y  o f  p a r t i c u l a t e  emis s ions  gene ra t ed  by a cont inuous  drop 
r a t i o n ,  p e r  ton  o f  m a t e r i a l  t r a n s f e r r e d ,  may be e s t i m z t e d ,  w i t h  a r a t i n g  
C ,  u s ing  t h e  fo l lowing  e m p i r i c a l  expres s ion ' :  

5 1  9 3  >I i s c e 1 1 a n e o u s S o 11 r c e :: 
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I 

where: E = emiss ion  f a c t o r  
k = p a r t i c l e  s i z e  m u l t i p l i e r  (d imens ionless )  
s = m a t e r i a l  s i l t  con ten t  (%) 
U = mean wind speed,  m/s (mph) 
H = drop h e i g h t ,  m ( f t )  
tl = m a t e r i a l  mo i s tu re  con ten t  (%> 

The p a r t i c l e  s i z e  m u l t i p l i e r  (k) f o r  Equat ion 2 v a r i e s  w i th  aerodynamic 
p a r t i c l e  s i z e ,  ES shown i n  Table  11.2.3-2. 

Equat ions 1 and 2 retaifi the as s igned  q u a l i t y  r a t i n g  i f  a p p l i e d  w i t h i n  
t h e  ranges of sou-rce c o n d i t i o n s  t h a t  were tested in developing the equa- 
t i o n s ,  as given i n  Tab le  11.2.3-3. Also, t o  r e t a i n  t h e  q u a l i t y  r a t i n g s  of  

a b l e  c o r r e c t i o n  parameters  be determined f o r  t h e  s p e c i f i c  sources  of  i n t e r -  
es t .  The f i e l d  and l a b o r a t o r y  procedures  f o r  aggrega te  sampling a r e  given 
i n  Reference 3. In t h e  even t  t h a t  s i t e  s p e c i f i c  va lues  f o r  c o r r e c t i o n  pa- 
rameters  cannot be o b t a i n e d ,  t h e  a p p r o p r i a t e  mean va lues  from Table  
11.2.3-1 may be used,  b u t  in that  case ,  t h e  q u a l i t y  r a t i n g s  o f  t h e  equa- 
t i o n s  a r e  reduced by one level. 

Equat ions 1 o r  2 a p p l i e d  t o  a s p e c i f i c  f a c i l i t y ,  it i s  necessary  t h a t  x l i -  I 

TABLE 11.2.3-3.  RANGES OF SOURCE CONDITJONS FOR 
EQUATIONS 1 AND 2 

S i l t  Hois t u r e  
Equat ion con ten t  con ten t  

( X I  (%I 
Dumping c a p a c i t y  
.ma Ydd 

Drop he igh t  
m f t  

NA NA Batch d r o p  1.3 - 7.3 0.25 - 0.70 2.10 - 7.6 2.75 - 10 

Continuous 
1 . 5  - 12 4 . 8  - 39 HA NA drop 1.4 - 19 0 . 6 4  - 4.8 

‘ a  
NA = not  a p p l i c a b l e .  

For emissions from equipment t r a f f i c  ( t r u c k s ,  f r o n t  end l o a d e r s ,  doz- 
e r s ,  e t c . )  t r a v e l i n g  b e t w e e n  or on p i l e s ,  i t  i s  recommended t h a t  t h e  equa- 
t i o n s  f o r  v e h i c l e  t r a f f i c  on unpaved s u r f a c e s  be u s e d  ( s e e  S e c t i o n  1 1 . 2 . 1 ) .  
For v e h i c l e  t r a v e l  between s t o r a g e  p i l e s ,  the  s i l t  v a l u e ( s )  f o r  t he  a r e a s  , 

11.2.3-4 EMISSIOS FkCTORs 5/83 , 
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. .. 
among t h e  p i l e s  (which may d i f f e r  from t h e  s i l t  v a l u e s  f o r  t h e  s t o r e d  mate- 
r i a l s )  shou ld  be used.  

For emiss ions  from wind e r o s i o n  of  a c t i v e  s t o r a g e  p i l e s ,  t h e  fo l lowing  
t o t a l  suspended p a r t i c u i a t e  (TSP) emis s ion  f a c t o r  e q u a t i o n  i s  recommended: 

E = 1.9 (&) (%) (2) 15 ( k g / d a y / h e c t a r e )  ( 3 )  

where: E = t o t a l  suspended p a r t i c u l a t e  e m i s s i o n  f a c t o r  
s = s i l t  c o n t e n t  o f  a g g r e g a t e  ( X )  
p = number of days  w i t h  2 0.25 mm (0 .01  i n . )  o f  p r e c i p i t a t i o n  

f = percen tage  of time t h a t  t h e  u n o b s t r u c t e d  wind speed ex- 
per  y e a r  

ceeds  5.4 m/s (12 mph) a t  t h e  mean p i l e  h e i g h t  

The c o e f f i c i e n t  i n  Equa t ion  3 i s  t aken  from Refe rence  1 ,  based  on sam- 
p l i n g  of emiss ions  from a sand and g r a v e l  s t o r a g e  p i l e  a r e a  d u r i n g  p e r i o d s  
when t r a n s f e r  and maintenacce equipment was n o t  o p e r a t i n g .  The f a c t o r  from 
T e s t  Repor t  1 ,  exp res sed  i n  mass p e r  u n i t  a r e a  p e r  d a y ,  i s  more r e l i a b l e  
t h a n  t h e  f a c t o r  expres sed  i n  mass p e r  u n i t  mass of  m a t e r i a l  p l a c e d  i n  s t o r -  
a g e ,  f o r  reasons  s t a t e d  i n  t h a t  r e p o r t .  Note t h a t  t h e  c o e f f i c i e n t  has  been 
ha lved  t o  a d j u s t  f o r  t h e  e s t i m a t e  t t i a t  t h e  wind speed  through t h e  emis s ion  
l a y e r  a t  t h e  t e s t  s i t e  vas  one h a l f  o f  t h e  v a l u e  measured above t h e  top  of  
t h e  p i l e s .  The o t h e r  terms LI! t h i s  e q u a t i o n  were added t o  c o r r e c t  f o r  
silt, p r e c i p i t a t i o n  and f requency  of h igh  winds ,  a s  d i s c u s s e d  i n  Refer -  
ence 2 .  Equat ion  3 is r a t e d  C for a p p l i c a t i o n  i n  t h e  sand and g r a v e l  i n -  
d u s t r y  and D f o r  o t h e r  i n d u s c r i e s .  

Worst c a s e  emiss ions  from s t o r a g e  p i l e  a r e a s  occur  under  d r y  windy 
c o n d i t i o n s .  Worst c a s e  emis s ions  from m a t e r i a l s  hand l ing  ( b a t c h  and con- 
.tinuGus d rop)  o p e r a t i o n s  may be c z l c u l a t e d  by s u b s t i t u t i n g  i n t o  Equa t ions  1 
and 2 a p p r o p r i a t e  v a l u e s  f o r  aggrpga te  m a t e r i a l  m o i s t u r e  c o n t e n t  and f o r  
a n t i c i p a t e d  wind speeds  d u r i n g  t h e  wors t  c a s e  ave,raging p e r i o d , '  u s u a l l y  
24 h o u r s .  The t r e a t m e n t  of  d r y  c o n d i t i o n s  f o r  v e h i c l e  t r a f f i c  ( S e c t i o n  
11.2.1) and f o r  wind e r o s i o n  (Lobat ion  3 ) ,  c e n t e r i n g  around parameter  p ,  
fo l lows  t h e  methadology d e s c r i b e d  i n  S e c t i o n  1 1 . 2 . 1 .  A l s o ,  a s e p a r a t e  s e t  
of n ,oncl imat ic  c o r r e c t i o n  p a r a n e t e r s  and s o u r c e  e x t e n t  v a l u e s  co r re spond ing  
t o  h i g h e r  t han  normal s t o r a g e  p i l e . a c t i v i t j ,  may be j u s t i f i e d  f o r  t h e  wors t  
c a s e  a v e r a g i n g  p e r i o d .  

11 .2 .3 .4  C o n t r o l  t lethods 

Watering and chemical  r ; e t c i n g  a g e n t s  a r e  t h e  p r i n c i p a l  means f o r  con- 
t r o l  of a g g r e g a t e  s t o r a q e  p i l e .  e m i s s i o n s .  Enc losu re  o r  cove r ing  of i n -  
a c t i v e  p i l e s  t o  reduce wizi zrc : i r \n  can a l s o  reduce e m i s s i o n s .  Water ing i s  
u s e f u l  mainly t o  reduce en::sr,ic:;s from v e h i c l e  t r a f f i c  i n  the s t o r a g e  p i l e  
a r e a .  Ua te r ing  of t h e  s t c . r i i ~ e  p i i e s  themselves  t y p i c a l l y  has  o n l y  a very  
t e m p o r ~ r y  s l i g h t  e f f e c t  GT: *-:.:a! rsissions. A much mora e f f e c t i v e  rech-  
nique is  t o  apply  chemical  -5:::r.c ngen t s  f o r  b e t t e r  w e t t i n g  o f  f i n e s  and 

5 l S 3  
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l onge r  retention of the moisture film. Continuous "chemical treatment of . 
material loaded onto piles, coupled with watering o r  treatment of roadways, 
can reduce total garticulate emissions from aggregate storage operations by 
up to 90 percent. 
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SECTION V I 1 1  

AGGREGATE HANDLING AND STORAGE PILES 

When de termining  p a r t i c l e  s i z e  d i s t r i b u t i o n  € o r  s t o r a g e  p i l e  e m i s s i o n s  u s e  
t h e  same m u l t i p l i e r s  or p r o p o r t i o n s  g i v e n  f o r  b a t c h  d r o p  i n  this s e c t i o n .  

For  purposes  of e s t i m a t i n g  a v e r a g e  p i l e  s i z e s  w e  w i l l  u s e  a c a p a c i t y  
f a c t o r  of 2 for c o a l  and 6 f o r  s o i l  o r  s a n d l g r a v e l  and d i s r e g a r d  p i l e  
c o n f i g u r a t i o n .  (See  September 30, 1981 Compilat ion of  Emission F a c t o r s  i f  
c l a r i f i c a t i o n  o r  more a c c u r a t e  s i z e  d e t e r m i n a t i o n s  are needed).  T h e r e f o r e ,  u s e  
t h e  fo l lowing  numbers when e s t i m a t i n g  s t o c k p i l e  e m i s s i o n s :  

Weight of  M a t e r i a l  S t o c k p i l e d  ( t o n s )  S u r f a c e  Area of P i l e  ( A c r e s )  
Coal S o i l  o r  Sand/Gravel - 

1,000 

10,000 

100 , 000 

5,000 

50 , 000 

5O0,OOO 
7 5 9 ,  GOC 

1, GU9,OOO 

I 
I 
8 
I 
I 
I 
1 
1 
I 
1 
I 
I 
I 
I 

I 
I 
I 
R 
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0.22 
0.64 
1.02 
3.0 
4.74 

13.9 
18.2 
22.0 

I 

0.11 
0.31 
0.49 
1 .43  
2.28 
6.7 
8.7 

10.5 
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APPENDIX A 

PARTICLE SIZE DISTRIBUTIONS 

We recommend t h e  f o l l o w i n g  p r o c e d u r e s  and m u l t i p l i e r s  t o  c a l c u l a t e  
p a r t i c l e  s i z e  d i s t r i b u t i o n s  as needed. For  example,  where emis s ion  f a c t o r s  
are g iven  f o r  <30 and < l o  t h a t  do n o t  co r re spond  t o  t h e  m u l t i p l i e r ,  and you 
need t o  de t e rmine  (15, you w i l l  need t o  p r o p o r t i o n  as f o l l o w s :  

Given: C30 = 1 0  l b l t o n  
(10 = 1 l b / t o n  0.8 10.57 I 0 . 4 5  I 

c3.0 
M u l t i p l i e r s  
/a5 I au f 

. Using t h e  g iven  m u l t i p l i e r s  and t h e  0 0  v a l u e ,  t o t a l  p a r t i c u l a t e s  shou ld  
be to 10 

.8 
12 .5  and t h e r e f o r e  <10 =. 12.5 X . 45  = 5 . 6  + 1 

However < l o  i s  a g iven  f a c t o r  and w e  must u s e .  T h e r e f o r e ,  t o  d e t e r m i n e  

/ \ 
<15 c a l c u l a t e  as f o l l o w s :  

0 * 5 7 - 0 * 4 5 \  x (10-1) +1 = ( 3 4 % ) ( 9 )  + 1 = 4 . 0 6  Whereas i f  you 
0.8-0.45 I' 
\ 1 

on ly  used t h e  m u l t i p l i e r  f o r  <15 t h e  v a l u e  would be = 0.57 X 12 .5  = 7 . 1  

Use t h e  f o l l o w i n g  g i v e n  m u l t i p l i e r s :  

<30 um (15 um < l o  um 4 urn Q . 5  um Emission F a c t o r  

Batch Drop . 73  . 4 8  .36 .23 .13 

Continuous Drop . 7 7  . 49  .37 .23 .ll 

Unpaved Roadd .80 .57 . 4 5  .28 .16 

Paved Roads .86 .64 .51 .32 .17 

Averages . 7 9  .54 .42 . 2 6 (  .14  

I n  comparison w e  d e r i v e d  an " o v e r a l l "  p a r t i c l e  s i z e  d i s t r i b u t i o n  f o r  w e s t e r n  
s u r f a c e  c o a l  mines by a s s i g n i n g  a p e r c e n t a g e  of  t o t a l  mine e m i s s i o n s  t o  each  
source  c o n s i d e r e d  s i g n i f i c a n t ,  computed r a t i o s  f o r  t h e  g i v e n  i n h a l a b l e  
p a r t i c u l a t e  and f i n e  p a r t i c u l a t e  t o  t h e  t o t a l  suspended p a r t i c u l a t e  and p l o t t e d  
t h e s e  numbers on lognormal  g raph  pape r  t o  g e t :  

I 

These m u l t i p l i e r s  a r e  t o  be used a s  a g u i d e  o n l y .  Source and s i t e  s p e c i f i c  
d a t a ,  i f  s u b m i t t e d ,  shou ld  be g iven  p r i o r i t y .  

-46- 
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APPENDIX B 
CONTROL EFFICIENCIES 

A c t i v i t y  Me thodology E f f i c i e n c y  X 

M a t e r i a l  Removal None p r a c t i c a l  N/A 

M a t e r i a l  Placement None p r a c t i c a l  N / A  

S to rage  of m a t e r i a l s / e x p o s e d  areas Chemical s u p p r e s a n t s  
Mulch 

Wind b reaks=h t .  o f  p i l e  
Wind b r e a k s  Cht of  p i l e  
Adequate w a t e r i n g  

Water as  needed 
Chemi c a l / v e g e  t a  t i v e  

s t a b i l i z a t i o n  
P o r t a b l e  s c r e e n  f e n c e  
O i l i n g  
Complete e n c l o s u r e  
Pa r t i a l  e n c l o s u r e  
Canvas c o v e r s  

( r e d u c e s  annual  e m i s s i o n s )  Rapid R e v e g e t a t i o n  

(dependen t  on l o c a t i o n  h m e t .  
c o n d i t i o n s )  

2 5  . ( 5 )  
93 ( 9 )  

80 
80 
99 
50 
80 

D r i l l i n g  Bag c o l l e c t o r  90 ( 5 )  
Chemical s u p p r e s a n t s  90 ( 5  6 11) 
Water I n j e c t i o n  7 5  ( 5  & 11) 
Cyclone c o l l e c t o r  75 ( 5 )  

B l a s t i n g  None p r a c t i c e d  N/A 

Loadou t s Nega t ive  p r e s s u r e  w/ 85 

Chemical s u p p r e s a n t s  85 
Enclosed s t r u c t u r e  75 
T e l e s c o p i c  c h u t e  75  
S t a c k e r  w / w a t e r  s p r a y  75 

f a b r i c  f i l t e r  

Water s p r a y  50 
Wind guard 50 
S t a c k e r  h e i g h t  a d j u s t a b l e  25 
Ladder 80 

T r a n s f e r  P o i n t s  T o t a l l y  e n c l o s e d  w/neg. 99 
p r e s s u r e  wlbaghouse 

T o t a l l y  e n c l o s e d  w/water 99 
To t a l l y  e n c l o s e d  85 
P a r t i a l l y  e n c l o s e d  w / w a t e r  99 
P a r t i a l l y  e n c l o s e d  70 
Chemical s u p p r e s s a n t s  85 
Water s p r a y  70 

( 7 )  

I 
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Processing Chemical suppressants 85 ( 6 )  
Water spraymultLple 75 ( 5 )  

Water spray 50 ( 8 )  
nozzles  

See Table A-2 f o r  addit ional  contro l s  

Unpaved Roads See Section on Unpaved Roads 
Paving wlfrequent sweep o r  99 ( 5 )  

Paving wlinfrequent clean- 85 . ( 5 )  

Soil s t a b i l i z e r  forming 80 ( 5 )  

Surface chemical treatment 75 ( 5 )  
Frequent watering 50 ( 1 2 )  
Water as needed 25 ( 5 )  
Gravel 50 ( 5 )  
Oi l ing  70 ( 5 )  

f lush  

UP 

crust  

, I 



Table A-2. DISTRIBUTION BY PARTICLE SIZE OF AVERAGE COLLECTION EFFICIENCIES 
FOR VARIOUS PARTICULATE CONTROL EOUIPMENT'*b 

Type of collector 

Baffled settling chamber 
Simple cyclone 
Long-cone cyclone 
Multiple cvclone 

( 12-in. diameter) 
Multiple cyclone 

16-in. diameter) 
Irrigated longcone 

cyclone 
Electrostatic 

precipitator 
Irrigated electrostatic 

precipitator 
Spray tower 
Self-induced spray 

scrubber 
Disintegrator scrubber 
Venturi scrubber 
Wet-impingement scrubber 
Baghouse 

I Efficiency, % 
5P;;t;;e ;iz;;;gee 

Overall 0 to 5 

58.6 7.5 
65.3 12 
84.2 40 
7 4.2 25 

93. a 63 

91.0 63 

97 .O 72 

99.0 97 

94.5 90 
93.6 85 

98.5 93 
- 99.5 99 

97.9 96 
99.7 99.5 

99.5 

98.5 

99.5 

100 

100 
100 

100 
100 
100 
100 

22 
33 
79 
54 

95 

93 

94.5 

99 

96 
96 

98 
99.5 
98.5 

1 Po 

100 

100 

loo 

100 

100 
1 00 

100 
1 00 
100 
100 

43 
57 
92 
74 

98 

96 

97 

99.5 

90 
98 

99 
100 
9 9 '  

100 

! 

Particle size 
range. pm 

Oto 5 
5 to 10 

10 to 20 
20 to 44 
> 44 

k i i q y  

95 97 
95 98 

Percent 
by weight 

20 
10 
15 
20 
35 

2 172 EM ISSlON FACTORS 
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USEFUL WEIGHTS AND MEASURES (AVERAGES AND RANGES) 

APPENDIX C 

Cement 

Concrete 

Coal (Bi tuminous)  

Coal (Bi tuminous)  

Grave l ,  d r y  packed 

Grave l ,  wet 

Sand, g r a v e l  ( d r y ,  l o o s e )  

Topso i l  I 
I 
I 
1 To ? s o i l  

Over burden 

Uraniur: o r e  

R~c!: ( 5roken) 

’ Average dep th  of t o p s o i l  

Average dep th  o f  overburden 

Sc rape r  c a p a c i t y  

Dragl ine c a p a c i t y  

Truck c a p a c i t y  

Shovel c a p a c i t y  

Frontend l o a d e r  c a p a c i t y  

G r i  zzlp c a p a c i t y  

R a i l  c a r  c a p a c i t y  

Convelvor c a p a c i t y  

I 

I 

1 Yd3 = 2500 l b .  

1 yd3 = 400 l b .  

1 f t 3  = 47-50 l b .  

1 yd3 = .635 - .675 t o n  

1 f t 3  = 100-120 l b .  

1 f t 3  = 1 2 6  l b .  

1 f t 3  90-105 l b .  

1 f t 3  = 111 l b .  ( 1 3 )  

1 yd3 = 1 . 5  t o n  ( 1 3 )  

1 yd3 = 1.3 t o n  ( 4 )  

1 yd3 = 1.5 t o n  ( 1 4 )  

1 yd3 = 1.35 t o n  ( 1 4 )  

1.5 f t .  ( 1 5 )  

120 f t .  ( a s  much a s  3000 f t )  ( 1 5 )  

25 yd3 ( 5 )  

30-200 yd3 ( 4 )  

10-20 yd3 ( 5 )  ( a s  much as  200 t o n )  

5-8 yd3 ( 1 6 )  ( a s  much a s  40 yd3) 

2.5-8 yd3 ( 1 4 )  ( a s  much as 20 yd3) 

190-2000 t o n s / h o u r  ( 1 4 )  

100 t o n s  ( 5 )  

53-1470 t o n s / h r .  ( 1 4 )  

-50- 



.I\PPENDLX D 

METEOROLOGICAL DATA 

We may assriine t i l i l t  o n  d a y s  where  t h e r e  is s i g n i f t c n n t  p r e c i p i t a t i o n  (>.01 i n c h ) ,  maximum t e m p e r a t u r e s  
be low F r e e z i n g ,  o r  a snow cover on t h e  g r o u n d  t h a t  e r n l s s i o n s  From some f u g i t i v e  d u s t  s o u r c e s  will be 
n e g l i g i b 1 . e .  T h e r e f o r e ,  t h e  fo l lowing  t a b l e  p r o v i d e s  t h e  a v e r a g e  number o f  d a y s  p e r  month t h a t  o n e  of t h e  
a b o v e  c o n d i t i o n s  may o c c u r .  The d a t a  i s  g i v e n  f o r  t h e  F i v e  major w e a t h e r  s t a t i o n s  i n  t h e  S t a t e  a n d  may be 
a p p l i e d  t o  e a c h  major d r a i n a g e  a r e a .  ( F i g u r e  Dl) 

T a b l e  D.L. 
P r e c i p i t a t i o n  >.01 i n c h  (17) 

S t a t i o n  Jan Feb Mar Apr May J u n  J u l  Aug S e p  Oct Nov D e c  T o t a l  

~~ ~~ ~~ ~ ~ ~ ~ ~ 

Alamosa 0 3 9 1 8 6 10 11 8 5 2 3 66 

Grand Jct .  4 4 a 6 12 4 10 9 5 9 6 5 82 

P u e b l o  2 3 8 1 9 2 li-. 13 5 5 2 3 65 

I Colo. spgs.  3 5 10 5 1 7  10 18 19 7 5 1 5 105 

- 

I 
m 
P 

Denver  2 4 10 4 16 9 7 8 6 7 3 6 82 



- - 

Tab le  D . 2 .  
Days of minimal e m i s s i o n s  d u e  t o  f r e e z i n g  t emps  a n d / o r  snow cove r  ( 1 7 )  

- - 

S t a t i o n  J a n  Feb Mar A p t  May J u n  - -  - J u l  Aug Sep O c t  Nov Dec T o t a l  
~~ ~~~~~ ~ ~~ ~ 

._ - 
Alamosa 1 1 1 0 0 0 -0 0 0 0 0 9 1 2  

- Grand Jc t  . 0 1 0 0 0 0 0 0 0 0 0 6 7 

___ 
~ 

Pueblo 0.. 2 0 0 0 _. 0 0 0 --0 0 0 4 6 

- Colo. spgs .  1 2 2 0 -  0 0 0 0 0 0 1 8 1 4  

Denver 1 6 7 0 0 0 0 0 0 0 3 8 25 

- 

Tab les  D . l .  and-D.2. may be used t o g e t h e r  f o r  s o u r c e s  of w ind-e ros ion .  -_ 

Table D . l .  s hou ld  be used by i t s e l f  f o r  a l l  o t h e r  exposed a c t i v i t i e s .  
f a c t o  c by 3 65- t a b l e  va Lr ie  /365. 

For a r e a s  some d i s t a n c e s  from one of t h e s e  major s t a t i o n s  may u s e  o t h e r  documentat ion o r  F i g u r e  11.2.1-1 
i n  S e c t i o n  V I .  

Tab le  D.3. p rov ides  ave rage  wind speeds  f o r  t h e  f i v e  major w e a t h e r s t a t i o n s  (17 )  

M u l t i p l y  t h e  a p p l i c a b l e  emis s ion  
- 

- _  I 

I 

m 
N 

_. 

S t a t i o n  Average Wind Speed (mph) 

Alamosa 8.3 

Grand J u n c t i o n  8.1 

- 

-. 

Pueblo 8.7 

Colorado Springs-- 10.4 

- Denver 9.0 



FIGURE D 1 (17) 
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1 
I 

Demoli t ion = 2 l b / t o n  Assume yd3 of d e b r i s  = 1.5 t o n  ( 5 )  I 
I 

E 

APPENDIX E 

ADDITIONAL FACTORS 

Product l o s s  due t o  t r a n s p o r t a t i o n  by r a i l  o r  t r u c k  = 57 X 10-6 l b / t o n / m i l e .  

Assume a l l  emiss ions  o c c u r  w i t h i n  a 50 mile r a d i u s .  ( 1 8 )  

I I 
I 

I 
I 
I 
kand B l a s t i n g  = 0.1 l b / f t 2  ( 5 )  o r  4.1% by weight  of  b l a s t e d  a b r a s i v e  f o r  s a n d ,  
i 1.0% f o r  s l a g  and 0.7% f o r  s teel  s h o t .  ( 1 9 )  
I 
! 1 -  I 

I 
F e e d l o t s  = >100,000 head = 1 .9  ton/1000 head/yr .  ( 8 )  

10,000-100,000 = 3.5 ton/100,0 head/yr .  
1,000-10,000 - 4.6 ton/lOOO head/yr .  

~ 1 0 0  - 7.3 ton/1000 head/yr .  

I 
I 

I 
I 

I 

I I 

I 

Y 
I 
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APPENDIX 3 

DISPERSION CALCULATION 



A3.1 INTRODUCTION 

In order to determine the intake concentration of principal contaminants 

(PCs) at the RFP site fenceline (receptor location), Turner’s X/Q model was used for 

contaminant dispersion from the source (Turner, 1967). These gaussian dispersion 

functions are the basis of most air dispersion models used in environmental work. 

As applied, Turner’s equation is conservative and tends to over estimate exposure 

concentrations. The RFP air data was used as the best available. As discussed in 

Appendix 2, dust emission rates were determined at the source of site activities based 
. on the predictions of various fugitive dust emission models (VOCs were assumed to 

be completely volatilized during activities which disturbed VOC-contaminated soil). 
The application of Turner’s X/Q model to these source emission rates is discussed 

in the following sections. 

A33 DISPERSION CALCULATIONS 

Turner’s X/Q model is expressed as follows: 

Q 
Concentration (g/m3) = 

Emission rate of PC at source, ( g / s  or pCi/s) 
3.14 
Horizontal dispersion coefficient, (m) 
Vertical dispersion coefficient, (m) 
Average wind speed, 14s  

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

parameters: 

. 
A-3-1 DRAFT 

I i I I I 



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: 

0 PC exists at 1 ppm in soil being disturbed; 

0 dust model predicts an emission of 
0.5 kg soul Mg soil disturbed; 

0 activity duration of 10 hours (36,000s); and 

0 total soil disturbed over duration of activity is 10 Mg. 

Therefore: 

1.4E-7 gPCemittd - 0.5 kg soil 10 Mg Sod Disturbed lg PC 
Q =  X X - 

1 Mg Soid Disturbed 36,ooos 1,Ooo kg soil 5 

uy and u, can be determined as a function of distance between the source of 

contamination and the receptor (see Attachment k3.1). 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 boundq nearest to the off-site receptor where it intersects the wind vector 

leading to the ieceptor. The wind vector along which dispersion modeling was 

performed represents the most common wind direction at the RFP. The distance to 

A-3-2 DRAFT 

I 



I 

I 
1 

I 
I 
I 

Zone A 1.6 110 43 

Zone B 2.9 182 64 

Zone C 4.4 270 82 

Operable Unit 3 0.8 55 26 

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 uy and a, values. 

TABLE A.3-1 

i I 

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. 

UAVG = 0.066(15) + 0.266(45) + 0319(8.0) + 0.219(13) + 0.070 (185) + 0.059 (21) 

= 9.2 knots (4.7 Ids) 

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, k3.4, 

A-3-3 DRAFT 

I i 



DoselRisL E s t i m a i a  - Radiommclidea 

IntakeCoocentration p W m  ̂ 3 1.36E-04 
In takeExpure  Period pCi 1.19E +00 

rmuJic& 

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

3E-08 
3E- 08 
3E- 08 
SE-08 
SE-08 
9E- 14 
3E- 12 
IE- 11 
6E- 11 
4E-09 
8E- 10 

Variable 

Intake Rate 
Intake Duration 
E x p u r e  Paiod 
Frad. Leeward Wind Fador 

IntakeConcenrration mg/m ^ 3  
In takeExpure  Period mg 
Carcinogen Dose Rate mg/kglday 
Non-Care. Dose Rate mglkglday 

ImlLEGL 

Arsenic 
Beryllium 
Cadmium 
Chromium VI 
a - Hexac hlorocyclohexa ne 
B- Hexachlorocyclohexane 
Hepachlor 
Heflachlor Epoxide 
Aldrin 
Dieldrin 
DDT 
Chlordane (alpha, gamma) 
Toxaphene 

2E- 08 
3E- 09 
2E- 09 
1E-09 
2E-09 
6E- 10 
1E-09 
3E- 09 
6E- 09 
5E- 10 
1E- 10 
4E- 10 
4E- 10 

Barium 
Chromium I11 
Chromium VI 
Manganese 
Mercury 

SE-06 
8E-04 
8E-04 
4E-OS 
5E- 05 

DoselRuk Estiraia - VOC. 

Variable Unit Parameter 

Intake Rate m “ 3 l I r  
Intake Duration hrlday 

Frad. Leeward Wind Fador 

Intake Concentration mglm - 3  O.OOE + 00 
IntakJExposure Period mg O.OOE + 00 
Carcinogen Dose Rate mglLglday O.00E + 00 
Non-Carc. Dose Rate mgllrg/day 0.OOE + 00 

----------- -----------s ===== ======= 

Exposure Paiod Day 

Chlordorm 
Carbon Tetrachloride 
Benzene 
Dichloromethane 
1.2- Dichluoethane 
1.1- Dichluoethene 
1.3- Dichluopropene 
1,1,2-Trichloroelhane 
Bromdorm 
Tetrachloroethene 
Styrene 
Vinyl Chloride 
1,2- Dichluoethane 
1.2- Dichluopropane 
1,1,2,2- Tetrachloroet hane 
2-Chlaoe!hyl Ether 
Hexachlorethane 
Hexachlorobutadiene 
2.4.6- Trichlorophenol 
Hexac hloro beazen e 

d O m o w  

I,l,l-Trichloroethane 
Toluene 
Dichloromet hane 
Xylenes 
MEK 
Bromomet hane 
Carbon Disulfide 
1,l- Dichluoethane 
Vinyl Acet at e 
1,3- Dichluopropene 
Chlorobenzene 
Et hylbenzene 
1.4- Dichluobenzene 
1,2- Dichluobenzene 
Nitrobenzene 
1.2,4-Trichlaobenzene 
Hexachlorocyclopent adiene 

OE+OO 
OE+00 
OE+OO 
OE+OO 
OE+OO 
OE+OO 
OE+00 
OE+OO 
OE+OO 
OE+OO 
OE+OO 
OE+OO 
OE+OO 
OE+OO 
OE+OO 
OE+OO 
OE+OO 
OE+OO 
OE + 00 
OE+OO 

OE+OO 
OE+OO 
OE+OO 

. OE+OO 
OE+M 
OE+OO 
OE+OO 
OE+OO 
OE+W 
OE+OO 
OEtOa 
OE+OO 
OE+Oa 
OE+0(1 
OE+OO 
OE+W 
OE+W 



I 
I 
I 
I 
I 
I 
I 

I 
I 
I 

I 

Thnehold cane. Thnehold canc. 

Radiwuclidts 
Uranium 233 & 234 
Uranium 235 
Uranium238 
Amxicium 241 
Plutonium 239 & 240 
Tritium (gas)** 
Strontium 89 
Strontium 90 
Ccsium 137 
Radium 226 
Radium 228 
Nm-Radionuclidw 
Amcnic 
Barium 

Cadmium 
chromium I I1 
ChrOmiumvI 
-gan= 
Mamy 

Btrgilium 

Hexachlcrocyclohexane (alpha) 
Hexachlnocyclohexane (beta) 
Heptachlor 
Heptachlor E p i d e  
Aldrin 
Dieldrin 
DDT 
Chlcrdane (alpha, gamma) 
Toxaphene 
VOCSBt Semi-VOCa 
Chloroform 
1,1,1 -Trichloroethane 
Carbon Tetrachlaide 
Benzene 
Toluene 
Dichloromethane 
Xylcncs 
MEK 
12-Dichloroethane 
Bromomethane 
Carbon Disulfide 
1,l -Dichloroethene 
1,l-Dichlorotthanc 
Vinyl Acetate 
1,3-Dichlorolropene 
l,l,Z-Trichloroethane 
Brumofam 
Tetrachlmthene 
Chlorobenzene 
Ethylbenzene 
Sty-ene 
Vinyl Chlaide 
12-Dichloroethane 
12-Dichloroppane 
1,1,2,2-Tctrachlo~thanc 
2-Chl01~ethyl Ether 
1,4-Dichlorobenzene 
12-Dichlorobenzene 
Nitrobenzene 
Hexachlamethane 
1,2,4-Trichlorobtnztnc 
Hexachlarobutadiene 
Hexachlnocyclopentadiene 
2.4,6-Trichloru~hend 

€?Gib4 
3.11E+01 
3.35EMl 
349E+01 
210EM1 
205E+01 
1.08EW 
2.89E+05 
1.50EW 
1.71E+04 
2.80E+02 
129E+03 

6.03E+01 

359E+02 
4.94E+02 

7.35E+02 

4 . 7 8 E a  
1.67Em 
6.70E+02 
331E+02 
l.77E+02 
1.88E+03 
8.86E+03 
2.32E+03 
274E+03 

%!K 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
N/A 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 

!!I& 

2.15EW 

L!f& 
NJA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
WA 
NIA 
NIA 
NIA 

Hexachlarobe&ne NIA NIA 

I 



DESCRIPTION: Tbc equationfa bat& t o p o p a a t i o n r  p d i e t a  emmion fstm baed onpsrticlesize. 
rilt content. windmeed. &OD beiqht. mobture content, and dumping devke capacity. 

= var iab larqui ing  input 

B m b i o m  a t S o u r c e  (note3) 

Padcnllrm Emission, from Source k d M s  5.408-04 
2.938-M 

I VO(3 Embeion Rate 5.39E-01 
O.o08+0(1 Pib Nm-Radionuclide (soli&) E m b b n  Rate 

~ Radionuclide Embsion Ratc(note4) PCJ 

. .  . I  

Fcr R e p i a b l c  F i n e  c =1Sum, K = 0.48 
EHRtglMg) = rc(O.oooS)[(a/S)(U/2.2)(H/l.S)~(M/2)aZ(Y/4.6)A.33] (note 1) 

I 

Variable 

1. S I 1  Conmnt 
U. Mean Wind S p e d  
H. m o p  Height 
M, Mouture Content 

= = I P P P = = = = = = = = = I = I  

1 Y.BuctetCapacity 
1 T.TotalPcriod of Exeavation 1 V.TotalVolumeof Excavation i DT.BuR DnaityofSoil 

MT. Total M a a  of Soil 
VOCTotal(nae2) 

I 
174600 

E ’  174600 

N a e  1: R d u e n c e  Memorandum from Tom Tntink.Publie Health Engineer. on FugitivePaniculate E m b s b n ,  lub 2, 

Nae’2:VOClare auumed to bccompletelyvolatilized andemitted kom tbeioilduringtbiaactMty. 
Note 3: Contaminant emiuion rates are bared on the auumed initial eontaminant conmtratiom in tbeaoil. 
Note 4 RadionucSda arc a r r u m d  to be distributed onlyand homogmiorsly in the top6 in& laya ofsoiL 

1984. Through Colaado Dcpnment of Health. A t  Pollution Conaol Wuion. 

Contaminant Dapasion 
Variable 

Q1. Embrioo Rate - Non-Radionmlids 
02. Emhrion Rate - Radionuclida 
Q3, EmLdo~ Rate - VOO 
Pi 
Sigma y 
Sigma z 
Windrpeed 
Contammant Conceauatioa at Penceline 
Non-Radionuclide 
Radionuclide 

------------------ 

VOQ mJma3 3.13E-04 I 
Initial Cmcenuatiom d Contammanu in Soib  at Source 

I 0.OOEto0 
1.00Eto0 
1 MPIM 

TRBC~ TtraboId R b t  1.o0E-06 
T q d  Ttrabold Harad l o d a  0.1 



W J O R  EXCAVATTON BY F R O N T  S C H O V E L  E 
Dasc/Risk Est imates  - Radiommclides 

Variable Unit Parameter 

Intake Rate m A 3/h 
Intake Duration hdday 

Frad. Leeward Wind Fador  

IntakeConcentration pCVm - 3  O.OOE+OO 
IntakeiExposure Period pCi O.OOE+OO 

------------ ----- ------- _ _ _ _ _ _ _ _ _ _ _ -  - -__-  -_-_---  

Expcsure Paiod Day 

IwiuALL 

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

OE+OO 
OE+OO 
OE+OO 
OE+OO 
OE+OO 
OE+OO 
OE+00 
OE+OO 
OE+OO 
OE+OO 
OE+00 

A V A T O R  (BATCH D R O P )  - Z O N E  B 
DascIRisk Estimates - NOD- R a d i o ~ 8 c l i d e s  

Variable unit Parameter 

mA3/k Intake Rate 
[ntake Dnration hdday 

Frad. Leeward Wind Fador  

===========5 ===== ======= 

Exposure Paiod Dsys 

IntakeConcentration mg/m ^ 3  1.69~- i o  
IntakdExposure Period mg 1.488-06 
Carcinogen Dose Rate mgllr%day 8.298- 13 
Non-Carc. Dose Rate mgllr%day 1.16E- 11 

Arsenic 
Bayllium 
Cadmium 
Chromium VI 
a- Hexachlorocyclohexane 
B - H exachlorocyclohexa ne 
Heptachlor 
Heptachlor Epoxide 
Aldrin 
Dieldrin 
DDT 
Chlordane (alpha, gamma) 
Toxaphene 

4E- 11 
7E- 12 
SE- 12 
3E- 12 
5E- 12 
1E- 12 
4E- 12 
8E- 12 
1E- 11 
IE- 12 
3E- 13 
1E- 12 
9E- 13 

d 0.0- I 
Barium 
Chromium I l l  
Chromium VI 
Manganese 
Mercury 

1E- 08 
2E- 06 
2E- 06 
1E-07 
1E-07 

DascIRhk b t i m a t a  - VOC. 

Variable unit Parameter 

mA3/k :ntake Rate 
:ntake Duration hdday 
Expasure Paiod 
Frad. Leeward Wind Fador  

;ntakeConcentration mglm A 3 3.138-04 

Zarcinogen Dose Rate m M d a y  1.54E-06 
Non-Carc. Dose Rate m%lg/day 2.15E-05 

============ ===== ======= 

Days 

lntakfixposure Period mg 2.7SE t 00 

E l x L i K A  

Chlordorm 
Carbon Tetrachloride 
Benzene 
Dichloromethane 
1.2- Dichlcroethane 
1,l- Dichlcroethene 
13- Dichlcropropene 
1.1.2- Trichloroelhane 
Bromdorm 
Teachloroethene 
Styrene 
Vinyl Chloride 
1.2- Dichlcroethane 
1.2- Dichlmopropane 
1.1.2.2- Tetrachloroet hane 
2-Chloroethyl Ether 
Hexachlorethane 
Hexachlorobutadiene 
2,4,6- Tkichlorophenol 
Hexachlorobenzene 

IE-07 
2E-07 
SE-OS 
3E- 09 
1E-07 
2E-06 
2E- 07 
9E- 08 
6E- 09 
3E-09 
3E-09 
4E-08 
1E-07 
2E-07 
3E-07 
2E-06 
2E- 08 
1E-07 
2E-08 
2E-06 

I,l,l-Trichloroethane 7E-06 
Toluene 4E-05 
Dichloromethane 2E- 05 
Xylenes 2E- 04 
MEK 2E- OS 
Bromomethane 1E-03 
Carbon Disulfide 7E-03 
1,l- Dichlcroethane 2E-05 
Vinyl Acetate 4E- 04 
If-  Dichlcropiopene 4E-03 
Chlorobenzene 4E- 04 
U hylbenzene 7E- 05 
1.4- Dichlcrobenzene 1E-04 
1,2- Dichlcrobenzene SE-05 
Nitrobenzene 4E-03 
1.2.4- Trichlorobenzene 7E-04 
Hexachlorocyclopent adiene 1E-01 



I 
I 
I Ladionuclidw 

Jranium2338r234 
Jranium 235 
Jranium 238 
w i c i u m  241 
'lutonium 239 8r 240 
'riti? (gam)* 
Itrontlum 89 
Itrontium 90 
b i u m  137 
ladium 226 
ladium 228 
Jon -Radionuclidw 
irsscnic 
5arium 
itrgiliWll 
hdmium 
komium I I1 
komiumvI 
vlangantst 
d=lny 
-IexachlaPcyclohexane (alpha) 
-Iexachlqclohexane (beta) 
-Ieptachlor 
-Ieptachlor Epaiide 
Udrin 
Iieldrin 
IDT 
a ladane  (alpha, gamma) 
roxaphene 
110- & Semi-VOCs 
= h l O f O f O ~  
1,lJ -Trichlorcethane 
Zarbon Tetrachlaide 
Benzene 

Dichloromethane 
Kglcnts 
MEK 
12-Dichloroethane 
Bromomethane 
Carbon DisulEde 
L,1-Dichloroethene 
1,l -Dichlmthant 
Vinyl Acetate 
1,3-DicNoroppene 
1,1,2-Trichloroethane 
Bromofam 
retrachlmthene 
Chlorobenzene 
Ethylbenzene 
Styrene 
Vinyl Chlaide 
1.2-Dichloroethane 
1,2-DichIoropopane 
1,1,2,2-Tctrachlorotthant 

1,4-Dichlorobenzene 
12-Dichlorobenzene 
Nitrobenzem 
Hexachloroethane 
1,2,4-Trichlorobtnzcnt 
Hexachlorobutadiene 
Hexachlarocyclopentadiene 
2,4,6-Trichlorophend 

i 

roolwne 

2-Chl01~ethyl Ether 

8.04Ei-W 

5.01Ei-W 
217Ei-01 

326E+02 

7.16Ei-W 

5.43E-01 

5.01EMO 
1.14Ei-01 
1.67EM 
3.62E+02 

326E- 
225Ei-01 
7.16Ei-W 
5.01E+00 
326Ei-W 
5.92E-01 

4.65Ei-01 

8.35Ei-W 

5.92Ei-01 

!!&k 
8.62E+06 

4.91Ei-04 
4.91Ei-04 
9.83Ei-05 
7.41E+05 

!!ak 
1.40Ei-04 

2.79Ei-03 
4.19Ei-03 ' 

4.198- 
4.19Ei-03 

930Ei-01 
1.40E+01 

4.65Ei-03 
2.79E+02 
2.79E+01 

2.33E+02 
1.40Ei-03 

9.30E+02 
1.86Ei-03 
2.79Ei-01 

1.40E- 

93OE-01 

Hekchlorobe&ne 4.07E-01 



ATTACHMENT A.3.5 
ZONE C CALCULATIONS 



DESCRIPTION: The equation far bole ckilling predictr embsioe on a p a  bole h i a .  =variables requiing input 

. 

1 

Embrlom at Source: (note 3) 

P.rti&tm Emissions from S o ~ ~ c e  kg’bde 2.50E-01 
6.94E-09 
6.948-03 

Nm-Radionuclide (soli&) Emmion Rare 

1.18E-OS VOQ Embsion Rate 
Bh. 

Radionuclide EmLaion Ratc(notc 4) PCJ 

F a  R s p i a b l e  F i n s  c =1Sum 
EHE(tghole) = 0.25 (nac  1) I 
Variable Unit P a a m e t a  

D. Depth d Hde m 
DI. Diameter of Hole m 
DT, Bulk Demity of Soil 
T.TotalPeriod of Hole Drilling tr 

PPPPPPPPPPPPPPPPPP P=P=P ==I==== 

Mgtm-3 

MT.Total Mam ofsdl Removd 
VOC Total ( note 2) 

0.42 
0.42 

N a c  1: R d a r n c e  Memorandum from TomTutinic.Publii Health Enginm, on FugitiveParticulate Embsioe. July 2, 

Note 2 V o c S  are asrumal to be co5ipletelyvolatilued and emitted duing tho aclivity. 
N d e  3 Contaminxnt emmion rates are based on the asrumed initial Eontaminam wncmlrstiorn in tbesoil. 
N a e  4 Radionuclidec are arsumd to be dbtributcd only and bomogrnblaly In the top6 inch laya ofaoil. 

1984. Though C d a a d o  Department of Health. A i  Pollution Control Diviaion. 

Tun- X/Q 
Contaminant Dbpcnion 
Variable Unit P a a m e t a  R e m a t  

01.  Emwion Rare - Non-Radionuclide gk=. 6.948-09 Recepta Q 
Q2.Embrion Rare - Radionuclides pciha. 6.9413-03 4.4 t m  

-----1--------1--- - - -e -  ------- -------- 
Q3. Emitria Rate - V O O  PhCIC. 1.18E-OS - 
pi 3.14 
Sigma y m lars Dstability 
Sigma z m b s  Dstability 

Contaminant Coocmhatioa at Penccllne 
Windspeed d e c  

N m  - R a d i o a d i d s  mg/m^3 2.10E -11 
Radionuclide pCUm ,. 3 2.10E-08 
VOQ mdm-3 3.568-08 
Initial Concenwationr of Contamiuantl in SoiL at Source 

Radionuclida (pCid 1.00E+00 
Nm -Rad\ (u& a r p  pm) 1.00E+00 
VOO (tldp Q ppm) 1.00E+00 

T a g &  Ttrabold Rbt 1.00E-06 
Tag& Ttrabold H u a d  I n d a  0.1 



50 -at 
31 -28 

DI-aE 
I1 -32 
11 -a1 
21 -a2 
D I  -a2 
I 1  -aE 
I 1  -a2 
I1 -32 
ZI -as 
E1 -af 
El -af 
E l  -aL 
I I  -a1 
11 -32 
01 -32 
11 -32 
E l  -ar 
ZI -as 
11 -a2 
11 -a1 

BO -32 
BO-31 
10-a€ 
LO-HE 
60-31 

E1 -a1 
E1 -31 
PI -73f 
E1 -32 
21 -32 
EI-36 
E l  -as 
f 1 -32 
E I -a9 
E I -a* 
E I -a9 
EI-26 
21 -as 

E l  -a1 
E I -a9 
SI -36 
PI -31 
91 -as 
11 -a1 
ZI -38 
ZI -aL 
ZI -at 
ZI -as 
ZI -as 



1 
I 
1 
I 
1 
I 
I 
1 

Uranium238 
Amtricium 241 
Plutonium 239 Bt 240 
rritium (p)' 
Strontium 89 
Strontium90 
Cesium 137 
Radium 226 
Radium 228 
Nan -Radionuclidw 
Arscnic 
Barium 
Bcrgllium 
Cadmium 
ChrOmirrmIII 
ChromiumVI 
MZUlgantsc 
M m l n y  
Hexachlcrocyclohexane (alpha) 
Hexachlorayclohexane (beta) 
Heptachlor 
Heptachlor Epcxide 
Aldrin 
Dieldrin 
DDT 
C&la-dane (alpha, gamma) 
Toxaphene 
VOQ & Semi-VOCs 
Chloroform 
l,l,l-Trichlomthane 
Carbon Tetrachloride 
Benzene 
Toluene 
Dichloromethane 
Xylcnca 
MEK 
12-Dichlorcethane 
Bromomethane 
Carbon Disulfide 
1,l -Dichloroethene 
1,l-Dichlorotthant 
Vinyl Acetate 
1,3-Dichloroppene 
1,12-TricNoroethane 
Bromofam 
Tetrachlaoethene 
Chlorobcwnc 
Ethylbenzene 
Styrene 
Vinyl chloride 
12-Dichlorcethane 
12-Dichloroppane 
1,1,2,2-Ttt~chlorotthant 
2-Chlor~thyl Ether 
1,4-Dichlorobenzene 
12-Dichlorobenzene 
Nitrobenzene 
Hexachlaoethane 
l,Z,4-Trichlorobcnzenc 
Hexachlaobutadiene 
Hexachlcrocyclopentadiene 
2,4,6-Trichlorophend 

!!& 
6.94Ei-07 

3.%E+05 
3.%E+05 
7.91E+06 
5.97E-t-06 

!!A?& 
1.23E+OE 

246E+07 
3.68Ei-07 
168E+06 
3.68Ei-07 

R19E+05 
123E+05 

4.09E+07 
246E+06 
2.46E+05 

2.05E+06 
123E+07 

&19E+06 
1.64Ei-07 
2.46E+05 

123E+06 

8.19E+03 

Hexachlmbe&ne 3.58E+03 



DESCRIPTION: The equation for vehicle aaffii predicts cmiuiorn b e d  on $ i t  content, mesnvehicleapeed. 
weiaht and numba of wbecb. and the number of da)a with pcipkation > = .254mm. 

- variablesrequiing inpld 

Turnas XM 
Contaminant D b p a r h  
Variable Unit P a a m a a  R c m a t  

Q1. Emiuion Rate - Non-Radwnrrlids 
Q2. Emiuion Rate - Radionuclide pcihee. 2.638-01 4.4 t m  
Q3. Eminion Rats - V O O  Cec.  0.00E+00 
Pi b a  Dttability 
Sigma y m 

b a  Datability Sigma z m 
Wind apecd mb s 
Contsmiaant Concmaat iom at Pcocdine 
Nm-Radionrrlids mglmA3 8.068-10 
Radionuclids pCim A 3 8.068-07 

---------I--- ----- ---.I ----I-- -.-- - .1 -11  

2.63E-07 R s e p t a  @? @ =. 

vo(4 mdm-3 0.00E+00 

Fm R s p i a b l e  F i n s  < =lOum, K = 0.45 
EHE(tgN = K(1.7)(s/12)(S/48)(W~.7)n.7(w/4)A.~(36S-p)/36S) (note 1) 

Variable 
================== 
s, Sl t  content 
S. MeanVehiclcSpecd 
W. Mean Vebicle Weigbt 
w, Mean Numba of Whecb 
P. Dap with Prs. > =0.254mm 
T. Dwation of Activity 
D.TotalVehicle Distance Travelled 

P a r a m a a  

VOCTotal(nac2) 0.00 I 

Emissina atSource: (note3 

P a  t i d a m  Emiwiom horn Sonrce k f i m  9.488-01 
2.638 -07 
2.638-01 Bk. Nm-Radkmrrlide (solids) Emiuion Rate 

VOQ Emhion  Rate 0.00E+00 
Radionuclide Emusion Rate(note4) PCJ 

Note 1: Rcfumcc Memorandum from TomTmtinic.Public Health Enginar. on FugitiveParticulate Embaiona, lub 2. 

Note 2: V Oca e m b  h s  are ag umcd to be negligable fa t h i  activity. 
Note 3 Contaminant emisionrater are based on the agumed initial contaminant conantratbra in the aoiL 
N a e  4: RadionucSda arc mrumcd to be dbtributed only and bomogeniolaly in the top 6 inch laya ofaoil. 

1984. Tlrough Cotorado Department of Health, A t  Pollution Conaol Division. 

Tagd T t r a b o l d  Rnt 1.00E-06 
Tagel T k a b o l d  H a r a d  l n d a  0.1 



OO+a0 
oo+ao 
OO+30 
OO+a0 
OO+30 
OO+a0 
00 + a0 
OO+a0 
OO+a0 
OO+a0 
00 + a0 
oot80 
oo+ao 
00+30 
OO+a0 
00 + a0 
oo+ao 
w+ao 
OO+a0 
OO+30 

LO -a9 
Lo-as 
50-81 
50-31 
BO-39 

ZI -39 
ZI -as 
7.1 -at 
z1 -a9 
11 - 3 L  
11 -at 
11 -az 
ZI -aL 
11 -az 
11 -az 
11 -az 
11 -ar 
01 -az 

ZI -as 
11 -az 
€1 -a€ 
E1 -3, 
PI -az 
91 -39 
01 -ac 
01 -ar 
01 -az 
01 -az 
01 -az 



1 
1 
I 
I 
I 
I 
I 
I 
I 
E 
1 
I 
1 
I 
1 
I 
Io 
1 
I 

Radionuelidee 
Uranium 233 & 234 
Uranium 235 
uraniump8 
Amtricirnn 241 
Plutonium 239 & 240 
Tritium (gas)' 
Strontium 89 
Strontium 90 
ctsium 137 
Radium 226 
Radium 228 
N m  -Rdionuclidca 
Arsaic 
Barium 
Beryllium 
Cadmium 
chromium I11 
chromiumw 
MtMgantst 
Mercury 
Hexachlorocyclohexane (alpha) 
Hexachlcrocyclohexane (beta) 
Heptachlor 
Heptachlor E p i d e  
Aldrin 
Dieldrin 
DDT 
Chla-dane (alpha, gamma) 
Toxaphene 

1,1,1 -'Richloroethane 
Carbon Tetrachlcride 
Benzene 
Toluene 
Dichloromethane 
Xylenes 
MEK 
1,2-Dichloroethane 
Bromomthane 
Carbon Disulfide 
1,l -Dichlorcethene 
1,l- Dichlorocthant 
Vinyl Acetate 
1,3-Dichloroppene 
1,1,2-Trichloroethane 
Bromofam 
Tevachloroethene 
Chlorobcnanc 
Ethylbenzene 
Stpne  
Vinyl Chloride 
12-Dichloroethane 
12-Dichloroppane 
1,1,22-Tttrachlo~thant 
2-Chlo~~thyl Ether 
1,4-Dichlorobenzene 
1,2-Dichlorobenzene 
Nitrobenzene 
Hexachloroethane 
1,2,4-Trichlmbtwne 
Hexachlmbutadkne 
Hexachlorayclopentadene 
2,4,6-'RicNorophend 

PQk 
5.25Ei-03 
5.67Ei-03 
5.90E+03 
354E+03 
3.458- 
1.82E+09 
4.88EM 
253E+06 
289E+06 
4.72E+04 
218E+05 

5.07E+03 

3.02E+04 
4.15E+04 

6.18E+04 

!!Elk 

4.02E+04 
1.41E+05 
5.63E+04 
278E+04 
1.49E+04 
1.58E+05 
7.45E+05 
l.%E+05 
2.30E+05 

NJA 
NIA 
NIA 
NIA ' 

NIA 
NIA 
N/A 
NIA 
NIA 
NIA 
NIA 
NIA 
NJA 
NIA 
NIA 
NIA 
NIA 
NIA . 
NJA 
NIA 
NIA 
NIA 
NIA 
NIA 
NJA 
NIA 
NIA 
NIA 
NIA 
NIA 
NJA 
NIA 
NIA 
NIA 

!!& 

1.81Ei-06 

1.03E+04 
1.03Ei-04 
2.06E+05 
156E+05 

NJA 
NIA 
NIA 
NIA 
NIA 
NIA 
NJA 
NIA 
NIA 
NIA 
NIA 
NIA 
NJA 
NIA 
NIA 
NIA 
NIA 
NIA 
NJA 
NIA 
NIA 
NIA 
NIA 
NIA 
NJA 
NIA 
NIA 
NIA 
NIA 
NIA 
NJA 
NIA 
NIA 
NIA 

Hexachlmbe&ne NIA NIA 

I 



DESCRIPTION: Tbeequationfa vehiclehallie Fedicb cmwiors baaed onsilt content. mcanvebklenpeed. 
weight and numbu of whccb, and the number of day  with pcciphtion > = .254mm. 

= variablarequting inpld 

Tlrnm NO 
Contaminant D a p a s h  
Variable Unit P a a m c t u  R e m a t  

Q1,Emwion Rate - Non-bdionuclids Bh= 
02. Emwmn Rate - Radionuclida pCi.X. 2.63E+OO 4.4 tm 
QS Emunm R8t0 - V O O  ghSC. o.we +00 
Pi 3.14 
Sigma y m lars Dstability 

liar Datability Sigma z m 

Contaminant Conccaaatiom at Penceline 

--.11.-----------. ----- ------- ..------I. 

2.638-06 R s e p t a  @ 

Wind speed d e c  

Nm-Radionuclide mglm-3 8.068-09 
Radionuclid- pCLm ̂  3 8.06E -06 
VOQ malm-3 0.00E+00 

F a  R-piablc F ins  
EHE(tg/V KT) = K(1.7)(dIZ)(S/48)(W~.7)̂ .7(~/4) ̂.y(3aS-p)/3aS) (note 1) 

=lOum. K = 0.45 

Variable Unit Pmamctu 
P P P P P s = I P I P P P o = I I P  = s L P = P  ===E=== 

I, 9Lt Content % 
S. Mean Vehicle Speed - tm/br 
W. Mean Vehicle Weight MK 

r, Dvation of ~c t iv i ty  h 

VOCTotal(nae2) 0.00 

PI. Mean Numbu of Wbeeb 
P, Daya with Pree. > =0.254mm 

D.TotalVebkle Distance ltavelled tm 

- 
Embsiom at Source (note 3) 

Plrticnl8ts Emisions from Soorce k f l m  9.488-01 
2.638-06 
2.63E +00 
O.WE +00 

Nm-Radionuclide (solids) Em’arion Rate Bh 
Radionuclide Embrion Rate(note 4) PCb 
VOQ Embsbn Rate 

N a e  1: Rduence  Memorandumfmm TomTistink.Publif Health Enginer. on FugitivePartkulate Embsiors, July 2. 

N u e  2. V OC. emw h r  are a umed to be negligable for this activity. 
N a e  3: Contaminant emhionrates arc based on the amumed initial contaminant conmvatiom in thesoil. 
N u c  4 Radionuclider are s s u m d  to be dbtributed only and homogeniolsly in the top 6 inch layu ofsoll. 

1984. Though Colaado Department of Health. A i  Pollution Conaol Divbion. 

Radionuclide (pcilg) 1.OOE+00 

voa (* Q m) 1.00E+00 
Nm-Radh(u&a ppm) 1.OOE+00 

Tagd Tbrsbold Rbt 1.00E -06 
Tag& T k s b o l d  H a z a d  l n d a  0.1 



'chicle Traffic - Heavy(100 VKT/Day) - Zomc C 
Dasc/Rist Estimates - Radiommclidea 

Variable Unit Parameter 

Intake Rate mA3/lr 
Intake Duration hrlday 

Frad. Leeward Wind Factor 

==I========= ===t= = = = = = r e  

Exposure Period Days 

Intake Concentration pCi/m ^ 3  8.06E-06 
IntakeExposure Period pCi 7.068-02 

imiIA€& 

Uranium 233 C 234 
Uranium 235 
Uranium 238 
Americinm 241 
Plutonium 239 & 240 
Tritium (grsi).. 
Strontium 89 
Strontium 90 
Cesium 137 
Radium 226 
Radium 228 

2E-09 
2E-09 
2E- 09 
3E-09 
3E-09 
6E- 15 
2E- 13 
4E- 12 
3E- 12 
2E- IO 
5E- l l  

Dase/Rbk Estimates - Nom-Radiommclida 

Variable unit Parameter 

IntakeRate mA3/hr 
Intake Duration hrlday 

Fract. Leeward Wind Fador 

IntakeConcentration mglm ̂ 3  8.06E-09 
IntakeExposure Period mg 7.06E-05 
Carcinogen Dose Rate mg&g/day 3.95E- 11 
Non-Carc. Dose Rate mglwday 5.53E- IO 

----------- - ----- -----__ ------------ - ---- ------_ 

Expasure Period Days 

EFxuLGE 

Arsenic 
Beryllium 
Cadmium 
Chromium VI 
a- Hexachlorocyclohexane 
B - Hexac hlorocyclohexa n e 
Hepachlor 
Hepachlor Epoxide 
Aldrin 
Dieldrin 
DDT 
Chlordane (alpha, gamma) 
Toxaphene 

2E-09 
3E- IO 
2E- IO 
2E- IO 
2E- IO 
7E- 11 
2E- IO 
4E- IO 
7E- IO 
6E- 11 
1E- 11 
5E- 11 
4E- 11 

d Om- I 
Barium 
Chromium I11 
Chromium VI 
Manganese 
Mercury 

6E-07 
IE-04 
IE- 04 
5E-06 
6E- 06 

- -  

DcmelRhk Estimates - VOC. 

[ntakeConcentration mg/m ^ 3  
[ntakeExposure Period mg 
Carcinogen Dose Rate mgllrplday 
Non-Carc. Dose Rate mglkglday 

E p A L E L E  

C hlordorm 
Carbon Tetrachloride 
Benzene 
Dichlaomet hane 
1.2- Dichluoethane 
1,l- Dichluoethene 
1,3- Dichluopropene 
1.1.2-Trichloroethane 
Bromdorm 
Tetrachluoethene 
Styrene 
Vinyl Chloride 
1.2- Dichluoethane 
1.2- Dichluopropane 
1.12.2- Tetrachloroet hane 
2-Chloroethyl Uher 
Hexachlorethane 
Hexachlorobutadiene 
2,4,6- llichlorophenol 
Hexachlorobenzene 

1.1.1- Trichloroethane 
Toluene 
Dichlorom et hane 
Xylene 
MEK 
Bromomet hane 
Carbon Disulfide 
1,l- Dichluoethane 
Vinyl Acetate 
1,3- Dichluopropene 
Chlorobenzene 
Ethylhenzene 
1.4- Dichlcrobenzene 
1,2- Dichlarobenzene 
Nitrobenzene 
1.2.4- Trichlorobenzene 

Parameter ------- - - - - - - - 

O.OOE+OO 
O.OOE+OO 
O.OOE+OO 
O.OOE + 00 

OE+OO 
OE+OO 
OE+OO 
OE+OO 
OE+OO 
OE+OO 
OE+OO 
OE+OO 
OE+OO 
OE+OO 
OE+OO 
OE+OO 
OE+OO 
OE+OO 
OE+OO 
OE+OO 
OE+OO 
OE+OO 
OE+OO 
OE+OO 

OE+OO 
OE + 00 
OE+OO 
OE+OO 
OE+OO 
OE+OO 
OE+OO 
OE+OO 
OE+OO 
OE+OO 
OE+OO 
OE+OO 
OE + 00 
OE+OO 
OE + 00 
OE+OO 

Hexachlorocyclopent adiene OE+OO 



I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
, I  
' I  I 
111 
I 
I 

Radionuelidea 
Uranium 233 & 234 
uranium 23s 
Uranium 238 
Amtricium 241 
Plutonium 239 & 240 
Tritium (m)* 
Strontium 89 
Strontium 90 
Cesium 137 
Radium 226 
Radium m 
Noa-Radionuclidce 
Arscaic 
Barium 
Bcrgllium 
cadmium 
chromium I11 
ChrOmiumvI 
MtUlplCSC 

Mmrny 
Hexachlcrocyclohexane (alpha) 
Hexachlarocyclohexane (beta) 
Heptachlor 
Heptachlor E p i d e  
Aldrin 
Dieldrin 
DDT 
C&lcrdane (alpha, gdmma) 
roxaphene 
VOQ& Semi-VOCs 
Zhlorobfm 
lJ,l -Trichloroethane 
Carbon Tetrachlcride 
Benzene 

Dichloromethane 
Kgttnea 
MEK 
1,2-Dichloroethane 
3romomethane 
k b o n  Disulfide 
L,1 -Dichloroethene 
LJ-Dichlmthanc 
tiny1 Acetate 
if-Dichloroppene 
1,1,2-Trichloroethane 
3romofam 
retrachlaroethene 
3lorobcnzcnc 
Zthylbenzene 
ityrene 
T i l  chloride 
2-Dichloroethane 
,2-Dichloroppane 
,1,2,2-TttrachlorocthtUle 
I-Chlomthyl Ether 
,4-DicMorobenzene 
2-Dichlorobenzene 
llitrobenzene 
iexachlaroethane 
,2,4-Trichlorobtwne 
iexachlmbutadiene 
iemchlaucyclopentadiene 
8,4,6-Trichlorophend 

roiuene 

PWK 
5.25EUE 
5.67E+02 
5.90E+02 
3.54E+02 
3.45E-N.2 
1.82E+08 
4.88E+06 
253EtO5 
289E+05 
4.?2E+03 
2 1 8 E M  

5.07E+02 

3.02E+03 
4.15E+03 

6.18EW3 

!?& 

4.02E+03 
1.41E+04 
5.63E+03 
278Bi-03 
1.49EG 
1.58Ei-04 
7.45Ei-04 
l.%E+04 
2.3OE+04 
e 
NJA 
NIA 
NIA 
NIA 
NIA 
NIA 
NJA 
NIA 
NIA 
NIA 
NIA 
NIA 
NJA 
NIA 
NIA 
NIA 
NIA 
NIA 
NJA 
NIA 
NIA 
NIA 
NIA 
NIA 
NJA 
NIA 
NIA 
NIA 
NIA 
NIA 
NJA 
NIA 
NIA 
NIA 

!!& 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NJA 
NIA 
NIA 
NIA 
NIA 
NIA 
NJA 
NIA 
NIA 
NIA 
NIA 
NIA 
N/A 
NIA 
NIA 
NIA 
NIA 
NIA 
NJA 
NIA I 
NIA 
NIA 
NIA 
NIA 
NJA 
NIA 
NIA 
NIA 

Iexachlmbenzene NIA NIA 



,..... . . . . . . . . . . . . . . . . . . . :I:I,i:liiiiilii:iiii:liliii:~liI::~:,:,~ii'~ vadabla repi ing inpm DESCRIPTION: Tbc equation fa bath h o p  opaations p d i c b  em-issbn factm b e d  on particlesize. . . . . . . . . . . . . . . . . . . . . . . . . 
- -- silt content, windspeed. C o p  height. mobture content, and dumping dcvicecapacity. 

3.14 - _ -  Pi 
Sigma y m kr Dstability 
Sigma z m lmr Dstability 
Wind speed mrbec 4.7 
Contaminant Conceohatiom at Peaceline 

- 

Nm-Radionuclide mglm " 3 3.248 -13 
Radionuclide pCim 3 4.038 -11 
Vo(+ mglm"3 5.04E-07 - 

Fcr R s p i a b l e  F i n s  c =15um, K = 0.48 
EHQkglMg) = R(O.ooo9)[(dS#U/2.2)(H/l.s)~(M/z) "?(Y/4.6)^.33] ( n a e  1) 

Variable 

s, 911 Content 
U. Mean Wind Speed 
H. &op Height 
M. Moisture Content 
Y. Bucket Capacity 
T. Dvation of Activity 
D, Depth of Excavation 
V.Volumeof Excavation 
DT, Bulk Dcmity of Soil 
MT. Total Maw of SoiWit 
VOC Total(nae2) 
h u m i n g o n e  pitcornaucted p a  day fcr f i ie  
yesrc givm a total numbu of pia equal to: 

===Pa P = I P = P I = = P P P P  

P a a m a a  
P = I P P = E  

5.92 
5.9 

1825 

Emiuiom at Source: (note 3) 

6.438-04 
1.06E-10 
1.32E-05 
1.65E-04 

Pat icn l~ to  U o a r  from Sonrce k r n s  
Radionuclide Embsion Rate(note4) P C b  

ph. Nm-Radionuclide (soli&) Embrion Rate 

VO(b Embsion Rate 

Note 1:'Rcfuence Memorandum from Tom Tistink.Public Health Engineer, on FugitivePaniculate Embsbrs. July 2. 

Note 2 V O C l a r e  suumed to be completclyvolatiiized and emitted Rom thesoil duringtbisactivity. 
Note 3: Contaminant emission r a t a  are based on Ute auumed initial contaminant conantratiorn in thesoil 
N a c  4 Radionuclda are assumed to be dbtributed onlyand homogenialsly in the top 6 inch layu ofsoil. 

1964. Tlrough Colorado Department of Health. A i  Pollution Coneol Division. 

Contaminant Dopenion 
Variable Unit P a a m e t a  Remak 
--I-- ------I- ----- ----- ------I -------- 
01, Emission Rate - Non-Radionuclidrs e-. 3.068-10 REeptcr Q 

Q3. R.te - VOCL &et. 1.658-04 
02. Emission Rate - Radionuclides pCJee. 1.328-05 4.4 km 

T a l a  Tbrabold Rut 1.008-06 
T a g a  Thrabold H a r a d  l n d a  0.1 



I -- 
ATCH DROP CALCULATION - TEST PITS - ZI 

DorelRhk Esiiraiea - Radiommclidea I 
r'ariable Unit Parameter 

ntake Rate m"3Ik 
ntake Duration hrlday 

:rad. Leeward Wind Fador 

ntakeConcentration pCi/m -3 4.03E- 11 
ntakdExposure Period pCi 3.53E-07 

-----------e ----- ------- ------------ ----- ------- 

Zxpure  Period Days 

BPALmXL 

Jranium 233 & 234 
Jranium 235 
Jranium 238 
imericium 241 
?lutonium 239 & 240 
kitium (gas)** 
itrontium 89 
itrontium 90 
Zesium 137 
Xadium 226 
Sadium 228 

IE- 14 
9E- 15 
8E- 15 
IE- 14 
IE- 14 
3E- 20 
IE- 18 
2E- 17 
2E- 17 
IE- 15 
2E- 16 

NE C 
DorelRisk biiratea - Nom-Radioamclidea 

Variable Unit 

mA3/k  Intake Rate 
Intake Duration hrlday 

Frad. Leeward Wind Fador 

===========s ==I== 

Exposure Period Days 

IntakeConcentration mglm ̂ 3  
IntakdExposure Period mg 
Carcinogen Dose Rate mg/kg/day 
Non-Carc. Dose Rate mg/kg/day 

ILuuJxA 

Arsenic 
Beryllium 
Cadmium 
Chromium VI 
a- Hexachlorocyclohexane 
B- Hexachlorocyclohexane 
Hepachlor 
Hepachlor Epoxide 
Aldrin 
Dieldrin 
DDT 
Chlordane (alpha, gamma) 
Toxaphene 

Barium 
Chromium I11 
Chromium VI 
Manganese 
Mercury 

Parameter - - - - - - - - - - - - - - 

3.248- 13 
2.848- 09 
1.59E- IS 
2.228- 14 

8E- 14 
IE- 14 
IE- 14 
7E- 15 
1E- 14 
3E- 15 
7E- 15 
IE- 14 
3E- 14 
3E- 15 
SE- 16 
2E- 15 
2E- IS 

2E- 11 
4E-09 
4E-09 
2E- 10 
3E- 10 

D a e / R b k  Estiraia - VOcl  

Variable 

Intake Rate mA3/k  
Intake Duration hrlday 

Frad. Leeward Wind Fador 

Unit Parameter 
-----------e ----- ------- ------------ ----- ------- 

E x p u r e  Period Days 

IntakeConcentration mglm ̂ 3  5.04E-07 
IntskdExposure Period mg 4.41E- 03 
Carcinogen Dose Rate mg/kg/day 2.47E-09 
Non-Carc. Dose Rate mglkg/day 3.4SE-08 

iimLEGE 

Chlordorm 
Carbon Tetrachloride 
Benzene 
Dichloromethane 
1.2- Dichlaroethane 
1.1- .Dichlaroethene 
1.3- Dichlaropropene 
1,1,2-Trichloroethane 
Bromoform 
Tdrachlaroethene 
Styrene 
Vinyl Chloride 
1,2- Dichlaroethane 
1,2- Dichlaropropane 
1,1,2.2- Tetr ac hlorod ha ne 
2- Chloroet hyl U her 
Hexachlorethane 
Hexachlorobut adiene 
2,4,6- Trichlaophenol 
Hexachloro benzene 

2E- IO 
3E- 10 
7E- 11 
SE- 12 
2E- 10 
3E- 09 
3E- 10 
IE- 10 
IE- 11 
4E- 12 
SE- 12 
7E- 11 
2E- IO 
3E- IO 
SE- IO 
3E- 09 
3E- 11 
2E- IO 
3E- 11 
4E-09 

d O.otic.1 

l,l,l- Trichloroethane IE-08 
Toluene 6E- 08 
Dichloromet hane 4E-08 
Xylene 4E-07 
MEK 4E-08 
Bromomet hane 2E-06 
Carbon Disulfide 1E-OS 
1,l- Dichlaroethane 3E- 08 
Vinyl Acetate 6E- 07 
1.3- Dichlaropropene 6E- 06 
Chlorobenzene 7E-07 
Ethylbenzene 1E-07 
1.4- Dichlarobenzene 2E-01 
1,2- Dichlarobenzene 9E- 08 

6E- 06 Nitrobenzene 
1.2.4- Trichlorobenzene 1E-06 
Hexachlorocyclopent adiene 2E-04 A 



I 
I 
I 
I 
I 
I4 
I 
I 
I 
I 
I 
I 
1 
I 
1 
I 
I 
I 
I 

1 

Radiwuclidte 
uranium2338Cm 
uranium 23s 
uranium 238 
Amtricium241 . 
Plutonium Pg & 240 
Tritium (ges)** 
Strontium 89 
strontium 90 
Cesium 137 
Radium 226 
Radium 5% 
Noo -Rdionuclidca 
Arsenic 
Barium 
Beryllium 
Cadmium 
chromium 111 
chromiumvI 
M a I l p t &  

M m l n y  
Hexachlaocyclohexane (alpha) 
Hexachlorocyclohexane (beta) 
Heptachlor 
Heptachlor Epcxide 
Aldrin 
Dieldrin 
DDT 
Chldane  (alpha, gmma) 
Toxaphene 
VOCs & Semi-VOCs 
Chloroform 
1,1,1 -Trichlomthane 
Carbon Tetrachlaide 
Benzene 
Toluene 
Dichloromethane 

MEK 
l,2-Dichloroethane 
Bromolnethane 
Carbon Disulfide 
1,l -Dichloroethene 
1,l-Dichlorotthane 
Vinyl Acetate 
1,3-Dichloroppene 
1,1,2-Trichlorcethane 
Bromofum 
retrachlaroethene 
Chlorobenzene 
Ethylbenzene 
Styrene 
Vinyl Chlaide 
12-Dichlomthane 
1,2-Dichloroppane 
1,1,2,2-Tctrachlorotthanc 

1,4-Dichlorobenzene 1 
1,2-Dichlorobenzene 
Vitrobenzene 
Hexachlaroethane 
1,2,4-Trichlorobemne 
Hexachlmbutadiene 

XJlitncs 

Z-Chloroethyl Ether 

I 

4.45EM3 

3.38E+U2 

2.90E+04 

5.2€JE+03 
Hexachlcrocyclopentadiene 
t,4,6-Tlichlorophend 3.68E+04 
3exachlaobenzene 2.53E+U2 



DESCRIPTION: Therelatiorship for predicting fugitive drst embrionr duringtopsoilremoval 
b y s u a p e r b o n a  p a  ~ u n i t b ~ b o f B o i l r e m o v e d .  

Turn- X/Q 
Contaminant D i p m i o n  
Variable Unit P a a m e t a  R e m a t  

Q1,Embrion Rate - Non-Radionuclide Bh =. 2.218-07 Recepta @ 
Q2, Embriou Rate - Radionuclides 
Q3, Emimon Rate - VOG @ec. 1.16E-02 
Pi 3.14 
Sigma y m laar Dstability 
Sigma z laas Drtability 
Wind rpeed d e c  
Cootaminant C o n c e a a a t i n s  a t  Penceline 

------------------ ----- ------- --------,. 

1.108-01 4.4 km pCiec .  

Nm-Radionuclide m g l m A 3  6.768-10 
Radionuclide pCim A 3 3.388-07 
voa  m.%1^3 3.56E-OS 
Initial Coocenaationr of Contamhanu in Soib at Source 

F u  R e p i a b l e  F ine  c =1Sum 
EHQtglMg) = 0.019kglMgof Soil Removed(note 1) 

Variable 

&Area Snbecl toTcpsd R e m 4  
D, Depth of Topoil Removal 
DT, Bulk Danityof Soil 
V. Volume of Topoil to be Removed 
T.TotalPcriod of Removal 

a==a=p============ 

MT, Total Maw of Topsoil Removed 
VOC Total (uac 2 )  

Unit P a a m e t a  

m a l  
m 

Mg/mA3 

===I= ======a 

m A 3  8862 
k 311 

13293 
13293 

E m i u i o a  a t  S o u r c e  (note 3) 

Pntid8le Emiaionr from Source k m B  1.9OE-02 
2.21E-07 
l.lOE-01 
1.16E-02 

Nm-Radionuclide (soli&) Embrion Rate Bh 
Radionuclide Embsion Rate(note 4) PCih 
V O O  Embsion Rate 

N a e  1: R d u m c e  Memorandum from TomTbtinic.Public Health Engineer, on FugitiveParticulate Embrbrs. July 2, 

N a e  2:VocS are auumed to be completelyvolatilized and emitted Rom theroil during theremoval activity. 
Note 3 Contaminant emhionrates are based on the auumed initial contaminant wnocntratiom in the soil. 
N a e  4 Radionuclda are msumed to be distributed only and bomogmblsly m the top6  inch lay= ofsoil. 

1984. Ttrough Colorado Department of Health. A t  Pollution Conhol Diviiion. 

= variablarequiing mpm 

T a g e t  T b r a b o l d  R u t  1.00E-06 
Talet Tlrahold H u a d  I n d a  0.1 



Variable Unit Parameter 

Intake Rate m A 3/h 
Intake Duration hrlday 

Frad. Leeward Wind Fador  

---- ------- 4 ----- ---_--- --------_-_- ----- __-----  

Exposure Period Days 

IntakeConcentration pCi/m A 3 3.388-07 
IntakeExposure Period pCi 2.96E- 03 

EuLLELE 

Uranium 233 & 234 
Uranium 235 
Uranium 238 
Americium 241 
Plutonium 239 & 240 

Strontium 89 - 
Strontium 90 
C s i u m  137 
Radium 226 
Radium 228 

Tritium (gap)** .- . 

8E-11 
7E- 11 
7E- 11 
IE- i o  
IE- i o  
2E- 16 
9E- 15 
2E- 13 
1E- 13 
9E- 12 
2E- 12 

D e e I R h k  Est ira ies  - Nom-Radioadidea  

Variable Unit Parameter 

Intake Rate mA3/h 
tntake Duration hrtday 

Frad. Leeward Wind Fador  

IntakeCoocentration mglm ^3 6.76E- IO 
IotakeExposure Period mg 5.92E-06 
Carcinogen Dose Rate mglkglday 3.31E- 12 
Non-Carc. Dose Rate mglkglday 4.64E- 11 

---_-------- ----- -----_- 
-___- - - - - - -4  --_-- ------- . . . . . . . . . . . . . . . . . . 

Exposure Period Days 

fimlJuA 
Arsenic 
Beryllinm 
Cadmium 
Chromium VI 
a- Hexachlorocyclohexane 
B- Hexachlorocy'clohexane 
Heflachlor 
Hepachlor Epoxide 
Aldrin 
Dieldrin 
DDT 
Chlordane (alpha, gamma) 
Toxaphene 

2E- IO 
3E- 11 
2E-ll  
1E- 11 
2E- 11 
6E- 12 
1E- 11 
3E- 11 
6E- 11 
SE- 12 
IE- 12 
4E- 12 
4E- 12 

Barium 
Chromium Ill 
Chromium VI 
Manganese 
Mercury 

5E-08 
8E- 06 
8E- 06 
4E-01 
5E-07 

.-- .- 

D e e / R b k  Estimates - VOcl  

Variable unit 

Intake Rate mA3/h 
Intake Duration hrlday 
Exposure Period- Day . 
Frad. Leeward Wind Fador  

Intake Concentration -mg/m A 3 
IntakeExposure Period mg 
Carcinogen Dose Rate mg/kg/day 
Non-Care. Dose Rate mg/kg/day 

__ ------------ ----- -----.-----_e ----- 

EFiu&c& 

C h l a d o r m  
Carbon Tetrachloride 
Benzene 
Dichloromet hane 
1.2- Dic h l u  oet h ane 
1.1- Dichluoethene 
1,3- Dichluopropene 
1,1,2-Trichlorodhane 
Bromdorm 
Tetrachlcroethene 
Styrene 
Vinyl Chloride 
1.2- Dichluoethane 
1,2- Dichluopropane 
I, 1.2,2- Tetr ac b loroet ha ne 
2-Chloroetbyl Ether 
Hexachlorethane __ 
Hexachlorobutadiene 
2.4,6- Trichlorophenol 
Hexachlorobenzene 

d O m o w  

l,l,lr 'Ifichloroet hane 
Toluene 
Dichloromethane 
Xylene 
MEK 
Bromomet hane 
Carbon Disulfide 
1,l- Dichluoethane 
Vinyl Acetate 
1,3- Dichluopropene 
Chlorobenzene 

bylbenzene 
1,4- Dichluobenzene 
1.2- Dichluobenzene 
Nitrobenzene 
1,2,4- Trichlorobenzene 

Parameter 
= r e = = = =  

3.568-05 
3.12E- 01 
l.74E- 07 
2.448- 06 

1E-08 
2E- 08 
SE- 09 
3E- IO 
2E- 08 
2E-07 
2E- 08 
1E-08 
7E- IO 
3E- 10 
3E- IO 
SE- 09 
2E-08 
2E-08 
3E- 08 
2E-07 
2E- 09 
IE-08 
2E- 09 
3E- 07 

8E-07 
4E-06 
3E- 06 
3E-OS 
3E- 06 
IE-04 
8E-04 
2E-06 
4E-05 
4E- 04 
5E- 05 
8E- 06 
1E-OS 
6E-06 
4E-04 
8E-05 

Hexac hlorocyclope nt adie e 1E-02 



I 

Radionuelidea 
uranium 233 & 234 
uranium 23s 
Uranium 238 
Amtricium 241 
Plutonium 239 & 240 
Tritium (gas)’ 
Strontium 89 
strontium90 
Cesium 137 
Radium 226 
Radium 223 
Noo. -Rdionuclidta 
Arscaic 
Barium 

cadmium 
chtomium I11 
chtomiumvI 

BtrgfliU 

M=gant& 
Mamy 
Hexachlarayclohexane (alpha) 
Hexachlarayclohexane (beta) 
Heptachlor 
Heptachlor E p i d e  
Aldrin 
Dieldrin 
DDT 
Chlardane (alpha, gamma) 
Toxaphene 
VOCa & Semi-VOCa 
Chloroform 
l,l,l-Trichloroethane 
Carbon Tetrachlaide 
Benzene 
Toluene 
Dichloromethane 
Xylcncs 
MEK 
1,2-Dichloroethane 
Bromomethane 
Carbon Disulfide 
1,l -Dichloroethene 
1,l -Dichlorocthant 
Vinyl Acetate 
1,3-Dichloroppene 
1,1,2-Trichloroethane 
Bromofm 
Tetrachlmthene 
C h l O T O b t w n C  
Ethylbenzene 
Styrene 
Vinyl (Maride 
1,2-Dichlomthane 
1,2-DicMoroppane 
1,1,2,2-Tttrachlorotthanc 
2-Chlo~~thyl Etkr  
1,4-Dichlorobenzene 
1,2-Dichlorobenzene 
Nitrobenzelle 
Hexachlaroethane 
1,2,4-Trichloroknzcnt 
Hexachlmbutadiene 
Hexachlarocyclopentadiene 
2,4,6-Trichlorophend 

PGihl 
1ZE+04 
1.3!5E+04 
1.41Ei-M 
844E+03 
8.23E+03 
4.33E+09 
1.16E-I-08 
6.03E+06 
6.898+06 
1.13E+05 
5.19E+05 

6.04E+03 

3.59E+04 
4.95E-W 

7.36Ei-04 

xb!i?i 

4.79E+04 
1.68E+05 
6.71 E +04 
3.32E+04 
1.78Ei-04 
1.89E+05 
8.88E+OS 
2.32Ei-05 
274E+05 

7.08Ei-01 

4.41EMl 
1.91EiU2 

2.67E+03 

!!& 

630Ei-01 

4.78Ei-W 

4.41EMl 
1.01E+02 
1.47E-W 
3.19Ei-03 

2.87E+03 
1.98E+02 
6.30Ei-01 
4.41 EM1 
2.87Ei-01 
521Ei-W 

4.10E+02 

7.35Ei-01 

521E+02 

!!&!Pi 

2.16E+06 

1.23E+04 
1.23E+04 
246E+05 
1.85E+05 

1.23E+05 

246E+04 
3.69E+04 
269E+03 
3.69Bi-04 

8.19E+02 
1.23EiU2 

4.10E+04 
246E+03 
246E+02 

2.05E+03 
1.23E+04 

8.19Ei-03 
1.64Ei-04 
2.46EiU2 

12E+03 

8.19Ei-W 

Hexachlarobenzene 3.58Ei-W 

I I 



DESCRIPTION: The equation for bate &op opaations p d k D  emhion  factors bared on particle size. 
silt content. windspeed. C o p  height. moirture content, and dumping devicecapacity. 

= variabiarcquting input 

Tuncn XI0 
Contaminant Dbpcmim 
Variable Unit P a a m e t a  R e m a t  ------------------ ----- ------- --------I .  

01. Emhion  Rate - Non-Radionuclide &h =. 2.17E-09 Recepta @ 
Q2. Emiubn Rate - Radionuclida pci cc. 1.09E-03 4.4 t m  
Q3, Emudon R8te - VOcb ghec. O.OOE +00 
Pi 3.14 
Sigma y m b s  Dstability 
Sigma z m ks Dstability 

Contaminant Concamstiom a t  Pencdine 
mb ec 4.7 

N m  -Radionueliden mdm A 3 6.648-12 
Radionuclids p C i m A 3  3.328-09 

Windspeed-- __ 

VOQ m d m A 3  O.OOE +00 

F a  R a p r a b l e  F i n s  e =lSum. K - 0.48 
EHE(tglMg) = K(O.oooS)[(a/S)(U/2.2)( H/l.S)m( M/Z) A 2(Y/4.6) A ,331 (note 1) 

Variable 

I. 91: Conten: 
U. Mean Wind Speed 
H. tkop  Height 
M, Moisture Content 
Y, Bucket Capacity 
T.TotalPcriod of Unloading 
D. Depth of Excavation 
A. Area of Topoil Removed 
DT. Butt DemityofSoil 
MT. Total Mars of Topsoil 
VOCTota l (nae2)  

P I I E I I P O P = P P P P P E = P  

Emiuiom atSource (nate3) 

Pudcnl81e Emiwiom from Source k f l 6  1.87E-04 
Nm-Radionuclide (soli&) Emwion Rate Bh 
Radionuclide Emusion Rate(notc4) P C h  

2.178-09 
1.09E-03 

I O.OOE+OO VOQ EmbsionRatc 

N a e  1: Refaence Memorandum from Tom Tutink.Public Health Engineer. on FugitivePaniculate Emisiola. Ju$2. 

N a e  2 V o c I  are auumed to be eompletclyvohtilized and emitted Rom theroil during tberemoval bysuapa  activity. 
N a c  3: Contaminant emhionrata arc h i e d  on the auumcd initial contaminant conantratbra in Ibesoll. 
N a e  4: Radionuclida are msumd to be dbtributed only and bomogeniorsly In the top 6 inch lsya ofsoil. 

- 1984. 'Ilrough Colaado Department of Health, Ai Pollution Conaol Divbion. 

. - - 

TagcC T l r s b o l d  R b t  1.OOE-06 
Tag& T k a b o l d  H a r a d  l n d u  0.1 _ _  



0 0 + 5 l O  
00+a0 
00+30 
00+30 
00+a0 
00+30 
00+a0 
00+EfO 
0 0 + F I O  
00+a0 
oo+ao 
OO+a0 
OO+ZO 
ootao 
00+a0 
00+ZIO 
00+a0 
00 + a0 
0 0 + ! I O  
00+30 

60-35 
60-3) 
80-il8 
80 -98 
01 -as 

I 0 P d l R A  

PI -at 
PI -ao 
PI -a1 
PI -as 
f I -a9 
f I -a€ 
f I  -ar 
PI -a9 
fI-'IZ 
fl-al 
El-aZ 
f1-X 
Z I  -az 

11 -32 
11 -36 
;I -31 
i l  -az 
!I -38 
#I -az 
!I -a1 
!I -a1 
31 -31 
31 -31 
31 -28 



1 
I 
1 

Radionuelidea 
UraniumP3&234 
uranium PS 
uraniumps 
Amtricium 241 
Plutonium 239 & 240 
Tritium (gas)* 
Strontium 89 
strontium90 
ctsium 137 
Radium 226 
Radium m 
Nan -Radionuelidea 
h m i c  
Barium 

cawum 
chromium I11 
Beryllium I 

I I  

Chromium'VI I 
hgant& 
Mamy 
Hexachlorocyclohexane (alpha) 
Hexachlaucyclohexane (beta) 
Heptachlor j 
Heptachlor E p i d e  
Aldrin 
Dieldrin 
DDT 
Chlcrdane (alpha, gamma) 
Toxaphene 
VOQ & Semi-VOCs 
Chloroform 

I 

I 

1,1,1 -"richloroethane 
Carbon Tetrachlaide 
Benzene 
Toluene 
Dichlommethane I 
Xylenes 
MEK 
1.2-Dichlomethane 
Bromomethane 
Carbon Disulfide 
1,l -Dichlomethene 
1,l- Dichloroethane 
Vinyl Acetate 
1,3-Dichlompmpene 
1,1,2-Trichloroethane 
Bromofam 
retrachloroethene 
Chlorobenzene 
Ethylbenzene 
Smne  
Vinyl Chlaide 
1.2-Dichlomethane 
1.2-Dichlompmpane 
l,l,Z2-Tetrachlorccthane 
2-Chlo1~ethyl E t k  
1,4-Dichlombenzene 
1.2-Dichlorobenzene 
Nitrobenzere 
Hexachloroethane 
1,2,4-Trichlorobtnane 
Hexachlmbutadiene 
Hexachlcrocyclopentadiene 
2,4,6-Trichlomphenol 

I 

I 
I 

1 

I 

lsh 
127Ei-M 
137Ei-M 
1.43Ei-M 
859E+05 
838Ei-05 
4.41E+ll 
1.19E+10 
6.14E+08 
7.01 E+08 
1.15E-W , 
5.29E-W ' 

3.66Bi-06 
5.04Eh.06 

I 

!1.2SE+06 
7.50Ei-M 1.2SEi-M 

250E+07 
1.89E-W 

4.88Ei-M 
1.71E-W . 
6.83E+06 
3.38Ei-06 
1.81Ei-M 
1.92E,-W 
9.04E-W 
236E-W 
279E-W 

I '  

!!I& 
NJA 
NIA 
NIA 
NIA 
NIA 
NIA 
NJA 
NIA 
NIA 
NIA 
NIA I 

NIA 
NJA 
NIA 
NIA 
NIA 
NIA 
NIA 
NJA 
NIA 
NIA 
NIA 
NIA , 
NIA 
FUA 
NIA 
NIA 
NIA 
NIA 
NIA 
NJA 
NIA 
NIA 
NIA 

I 

%!a 
I NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
FUA 
NIA 
NIA 
NIA 
NIA 
NIA 
NJA 
NIA 
NIA 
NIA 
NIA 
NIA 
NJA 
NIA 
NIA , NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NJA 
NIA 
NIA 
NIA 

Hexachlmbe&ne NIA NIA 

I 

I I '  

i !  



DESCRIPTION: Tberelatioebip fa p d k t i n g  fugitive d u t  emiuionr during topoil tranrputation 
byruapcr is brsed on tberiit content of thesoii and the mesnruapa  wight 

F u  Repiabie  F ine  < =lSum 
EHytdv[CI)=2.2E-6*(r)̂ 1.4*(W)̂ 25(note 1) 

Variable Unit Paameta 

&Ar08S11lj0et t 0 T - d  R O m d  m - 1  
D, Depth of Topoil Removal 
DT. Buit Deraityof Soil . Mglm^3 
V, Volume of Topoil to be Removed (ltaeportcd) 
T.TotaiPcriod ofltaepating tr 317 
Tomi Numberof Round l t ip(AssumaSuapaCap.~10.7m^3) 

===e= =======a = = = P I  PCPP_ ======a 

m 

m - 3  

I, Silt Content % 
W. Mean Suapcr Weight ME 

VOC Total 8 0 

RT. Roundltip Distance t m  
MT.Total Mau of Topoii l t a m p u t e d  ME 13293 

E r n h i o m  atSwrce: (oote3) 

PP t i d a t e  Emhion, from Sollrcs k@KT 0.738+00 
1.168-05 
2.348+01 

Nm-Radionuclide (toiidr) Embsion Rate 
Radionuclide Embrion Ratc(notc 4) P c * .  
Vo(L EmbrionRate O.OOE+OO 

e' 

N d e  1: R d s m c e  Memorandum from Tom Tntink.Public Healtb Enginsa. on PugitivePartkulate E m i s b e .  Jug 2 

Note 2 V W  emiubnr are arrumcd to be negligable during thb activity. 
N e e  3: Contaminant emhionrate, are bared on tbe lssumcd initial contaminant conccntratiom in tbesoil 
Note 4 Radionuclide are arsumal to be dbtributed onlyand homogeniorsly b~ the top6 inch b y a  ofroil. 

1984. Ttrough Cobrado Department of Heaith.AkPollution Conhol Diviiion. 

= variablarequring input 

run- X/Q 
Contaminant Dbpmion 
Variable Unit P a a m e t a  R e m a t  

01. Emiuion Rate - Non-Radionuclide 
02. Emhion  Rate - Radionuclide pclhee. 234E+01 4.4tm 
Qf Emirrim Rile - VOQ @OC. OBOE +OO 
P i  
Sigma y m lrsr Dstabiiity 
Sigma 7. m h a  Dstability 
Wind rpeed mb ec 
Contaminant Concmhatiom at Pencdinc 

------------------ ----- -----I- -I------ 

1.16E-OS R a e p t a  Q .&?a. 

Nm-Radionuclide mglm 3 3.568-08 
Radionuclida pCdrn"3 7.16E-OS 

Initial Cmccnhat iom of Cootammanb io SoiL at Source 
voa mglm^3 O.ooE +oo 

Radionuciids (pCidB) l.OOE+OO 
Ncn-Radb (uglgm ppm) 1.00E+00 

O.ooE +oo V O a  (n& a ppm) 

Tag& Tbrsbold R b t  1.008-06 
Tag& Tbrsbold H s r a d  l o d a  0.1 



D a e I R i k  b t ima tcs  - Radiommclidcs 

Variable unit Parameter 

Intake Rate mA31k 
Intake Duration hrlday 

Frad. Leeward Wind Fador 

----__--_--- ----- ----__- ------------ ----- -----_- 

Exposure Period Days 

IntakeConcentration pCi/m -3 7.16E-OS 
IntakeExposure Period pCi 6.27E-01 

lmuuEGE 

Uranium 233 & 234 
Uranium 235 
Uranium 238 
Americium 241 
Plutonium 239 & 240 
Tritium (ga5)** 
Strontium 89 
Strontium 90 
Cesium 137 
Radium 226 
Radium 228 

2E-08 
2E- 08 
2E- 08 
3 ~ -  oa 
3 ~ -  oa 
SE- 14 
2E- 1 2  
4E- 11 
3E- 11 
2E- 09 
4E- 10 

Dae lR i sk  Estimates - Nom- Radiomuelides 

Variable unit Parameter 

Intake Rate mA3/k  
Intake Duration hrlday 
Exposure Period - Days 
Frad. Leeward Wind Fador 

------------ ----- - _ _ _ _ _ _  ------------ ----- ------- 

IntakeCoocentralion mg/m -3 3.56~-oa 

Carcinogen Dose Rate mgllrg/day 1 .75~-  ia 
IntakeExposure Period mg 3.12E- 04 

Non-Carc. Dose Rate mg/lg/day 2.44E- 09 

iiBuLGR 

Arsenic 
Beryllium 
Cadmium 
Chromium VI 
a - Hexac hlorocyclohexa n e- 
B- Hexachlorocyclohexane 
Hepachlor 
Hepachlor Epoxide 
Aldrin 
Dieldrin 
DDT 
Chlordane (alpha, gamma) 
Toxaphene 

- 

9E- 09 
1E-09 
IE-09 
7E- 10 
1E-09 
3E-l(l 

2E- 09 
3E-09 
3ErZp 
6E- 11 
2E- 10 
2E- 10 

aE- ia  

- 
Barium 2E- 06 
Chromium I11 4E- 04 
Chromium VI - 4E- 04 
Manganese 2E- OS 
Mercury 3E-OS 

Dac lR i sk  E a t i r a t a  - VOCI 

Variable Unit 

Intake Rate mA3/b  
Intake Duration hrlday 

Frau. Leeward-Wind Fador 

IntakeConcentration mg/m -3 
IntaWExpasure Period mg 
Carcinogen Dose Rate mgllrg/day 
Non-Carc. Dose Rate mg/lg/day 

===========s ===== 

E x p u r e  Paiod Days 

JiwLuLR 

Chlordorm 
Carbon Tetrachloride 
Benzene 
DiEbl&omethane 
1.2- Dichlaroethane 
1.1- Dichlcroethene 
13- Dichluopropene 
1,1,2-Trichloroe1hane - 
Bromdorm 
Tetrachloroethene 
Styrene - 
Vinylehlaide 
1,2- Dichlaroethane 
1,2- Dichlaropropane 
l,1,2,2- Tetrachlorort hane 
2-Chloroethyl Ether 
Hexachlorethane 
Hexachlorobutadiene 
2.4.6- Trichlorophenol 
Hexachlorobenzene 

- 

d Om- 

1,IJ- Trichloroet hane 
Toluene 
Dichloromethane 
Xylene, - 
MEK 
Bromomethane 
Carbon Disulfide 
1.1- Dichluoethane 
Vinyl Acetate 
1,3- Dichluopropene 
Chlorobenzene 
Ethylbenzene 
1,4- Djcblcrobenzene 
1.2- Dichlarobenzene 
Nitrobenzene 
1.2,4-Trichlorobenzene 
Hexachlorocyclop%nt adieoe 

_ _  

O.00E + 00 
O.00E + 00 
O.00E + 00 
O.00E + 00 

OE+OO 
OE + 00 
OE+OO 
OE+OO 
OE+OO 
OE+OO 
OE+OO 
OE+OO 
OE+OO 
OE+OO 
OE+OO 

‘ OE+OO 
OE + 00 
OE+OO 
OE+OO 
OE+OO 
OE+OO 
OE+OO 
OE+OO 
OE+OO 

OE+OO 
* OE+OO 

OE+OO 
OE+OO 
OE+OO 
OE + 00 
OE+OO 
OE + 00 
OE+OO 
OE+OO 
OE + 00 
OE+OO 
OE+OO 
OE+OO 
OE+OO 
OE+OO 
nE+W 

. .  



I 
I 

I 

1 

Radionuclidte 
Uranium 233 & 234 
Uranium 23s 
Uranium 238 
Americium 241 
Plutonium 239 & 240 
Tritium (gas). 
Strontium 89 
Strontium 90 
Cesium 137 
Radium 226 
Radium 228 
Noa-Radionuclidw 
Arsenic 
Barium 
Bergllium 
Cadmium 
chromium I11 
Chromiumw 
h g a n =  
Mercury 
Hexachlorayclohexane (alpha) 
Hexachlorayclohexane (beta) 
Heptachlor 
Heptachlor EpcRide 
Aldrin 
Dieldrin . 
DDT 
Chlcrdane (alpha, gamma) 
Toxaphene 
VOCa & Semi-VOCs 
chloroform 
1,1,1 -Trichloroethane 
Carbon Tetrachlaide 
Benzene 
Toluene 
Dichloromethane 
Xylenes 
MEK 
1.2-Dichlopethane 
Bromomethane 
Carbon Disulfide 
1,l -Dichloruethene 
1,l-Dichlorotthane 
Vinyl Acetate 
1,3- Dichloroppene 
1,1.2-Trichloroethane 
Bromofam 
Tetrachloroethene 
Chlorobenzene 
Ethylbenzene 
Styrene 
Vinyl Qllaide 
1.2-Dichloroethane 
1.2-Dichloroppane 
1,1,2,2-Tetrachlo~thant 
2-Chlor0ethyl Etkr  
1,4-Dichlorobenzene 
1.2-Dichlorobenzene 
Nitrobenzerr: 
Hexachloroethane 
1,2,4-Trichlorobewne 
Hexachlambutadiene 
Hexachlamyclopentadiene 
2,4,6-Trichlorophend 

la4 
5.90EMI 
6.38EM1 
6.64EM1 
3.99EM1 
3.89EM1 
204E-W 
5.50E-I-05 
2.85E+04 
3.25EMM 
5.31 E +02 
2.45E4-03 

1.1SEiU2 

6.82EiU.2 
9.39E+02 

1.40E+03 

!?Bh 

9.09EiU2 
3.18Ei-03 
1.27Ei-03 
6.308+02 
3.37E-W 
3.58E+03 
1.68E+04 
4.418- 
531E+03 

!!k& 
EUA 
NIA 
NIA 
NIA 
NIA 
NIA 
IVA 
NIA 
NIA 
NIA 
NIA 
NIA 
NJA 
NIA 
NIA 
NIA 
NIA 
NIA . 
EUA 
NIA 
NIA 
NIA 
NIA 
NIA 
NJA 
NIA 
NIA 
NIA 
NIA 
NIA 
EUA 
NIA 
NIA 
NIA 

!!& 

4.09E+04 

!!k& 
EUA 
NIA 
NIA 
NIA 
NIA 
NIA 
EUA 
NIA 
NIA 
NIA 
NIA 
NIA 
EUA 
NIA 
NIA 
NIA 
NIA 
NIA 
NJA 
NIA 
NIA 
NIA 
NIA 
NIA 
EUA 
NIA 
NIA 
NIA 
NIA 
NIA 
EUA 
NIA 
NIA 
NIA 

I I i 



DESCRIPTION: Tbe equation for bat& h o p  opaationi K e d h  emkion faetas baed on psrtklcsire. 
lilt content, windspeed. h o p  belght. mobture content and dumping dcvkecnpacity. 

Emiulom a t h r c r  (aote3) 

Pulicnlim Eminions born Source kdM8 S.40E-04 
Nm-Radionuclide (soli&) Emhion  Rate 2.918-08 

5.39E-02 
O.OOE +00 Radionuclide Embiion Rate(note4) 

V O Q  Embiion Rate 

Fp. R e p i a b l e  F ine  < =lSum, K = 0.48 
EHQkgMg) = R(0.0009)[(dSXU12.2)(HII.S)M(M/2) AqY/4.6)A.331 (nae 1) 

-_ 

Variable 

P, 9 1 1  Conten1 
U, Mean Wind Speed 
H. B o p  Height 
M, Moisture Content 
Y ,  Bucket Capacity 
T.TotalPeriod of Excavation 
V. Total Volumeof Excavation 
DT. Bulk Daaityof Soil 

P P P I I P P E I O P = P = I P P P  

MT. Toel Meu of Soil 
VOCTotal(nde2) 

Unit P a a m e t a  
P P P P I  =PPPs== 

0 
mb 
m 
I 

m A 3  
lr 

m " 3  
Mdm ,. 3 

ME 174600 
8 174600 

Nae 1: Reluence Memorandum from TomTistink.Publk Health Engineer. on FugitivePatticutate Embsiom, Jug 2, 

N d e  2 V o c S  are auumed to be complelelyvolatilired and emitted hom tbesoil during thb activity. 
N d e  3 Contaminant embionrata  are bared on the auumed initial contaminant concentratiorn in thesoiL 
Nae 4 Radionuclida are miumed to be dbtributed only and bomogeniolaly in the top 6 inch laya of soil. 

1984. Tlrough Cohrado Department of Health, A t  Pollution Conhol Division. 

...................... .................. : : . : : . . . . . . .  ........... :.:.:.: ......... ..: ............. :.:.:..::.: P mriablesrequimg inpu ........................................... 

Tlrnen WQ 
Contaminant D b p m h  
Variable Unit P a a m e t a  Remak 
----------I-- ----- ----- ------- ----I--- 

01. Emhion Rate - Non-Radionuclids e". 2.9lE-08 R w e p t a  @ 

Qf Emirdon Ehte - V O O  fisc. S.39E-02 
02,  E m h b n  Rate - Radionuclides pc*". O.WE+OO 4.4 t m  

Pi 3.14 
Sigma y m hi Dstability 
Sigma L hi Dstability 
Windipeed olbw 4.7 
Contaminant Coaemtratiom at Pencdlne 
Non-Radbnwlide m g h  A 3 8.90E-11 
Radionuclide pCim A 3 O.OOE+OO 
voa malmA3 1.6SE-04 
Initial Concentrations d Contaminant, in SoiL at Source 

Radionuclide (pciid O.OOE +00 
Nm-Radb(ug/gor ppm) l.OOE+OO 
VOO (n& a ppm) l.OOE+OO 

- 
1.OOE-06 T a g d  Tbrabold R b t  _. 

Tagd T k a b o l d  H a r r d  l n d a  0.1 



M J O R  E X C A V A n O N  BY F R O N T  SCHOVEL E 
DaseIRisk Estiratea - Radiommclidea 

Variable Unit Parameter 

Intake Rate m A 3 / b  
[ntake Duration hrlday 

Frad. Leeward Wind Factor 

LntakeConcentration pCVm " 3  O.OOE + 00 
IntabdExposure Period pCi O.OOE+OO 

===========s ===== ======= 

E x p u r e  Period Days 

i z A L E c A  

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

OE+OO 
OE+OO 
OE+OO 
OE+OO 
OE+OO 
OE+OO 
OE+OO 
OE+OO 
OE+OO 
OE+OO 
OE+OO 

A V A T O R  (BATCH DROP)  - Z O N E  C 
Dase/Rkk E n t i i s t e a  - Nom-Radiommclidcs 

Variable Unit Parameter 

Intake Rate m"3Ilr 
Intake Duration hrlday 

Frad. Leeward Wind Fador 

===========s ===== ======= 

E x p u r e  Period Days 

IntakeConcentration mg/m - 3  8.90E- 11 
IntakelExposure Period mg 7.808-07 
Carcinogen Dose Rate m%L;%day 4.368- 13 
Non-Care. Dose Rate m%L;%day 6.10E- 12 

ImuJuLE 
Arsenic 
Bayllium 
Cadmium 
Chromium VI 
a- Hexachlorocyclohexane. 
B - H exac hlorocyclohexa n e 
Hepachlor 
Hepachlor Epoxide 
Aldrin 
Dieldrin 
DDT 
Chlordane (alpha, gamma) 
Toxaphene 

Barium 
Chromium 111 
Chromium VI 
Manganese 
Mercmy 

2E- 11 
4E- 12 
3E- 12 
2E- 12 
3E- 12 
8E- 13 
2E- 12 
4E- 12 
7E- 12 
7E- 13 
E- 13 
6E- 13 
SE- 13 

6E- 09 
IE-06 
IE-06 
SE-OS 
7E- 08 

Dasc lRis t  E n t i r a t a  - VOC.  

Unit . Parameter Variable 

Intake Rate m"31k 
Intake Duration hrlday 

Frad. Leeward Wind Fador 

[ntakeConcentration m u m  ̂ 3  1.6SE-04 
[ntakeExposure Period mg 1.44EtOO 
Carcinogen Dose Rate mgllg/day 8.08E - 07 
Non-Carc. Dose Rate m%lg/day 1.13E-OS 

============= ===== ======= 

Expaiure Period Days 

FufudLE 

Chlordorm 
Carbon Tetrachloride 
Benzene 
Dichloromet hane 
1.2- Dichlaroethane 
1,l- Dichluoethene 
1.3- Dichlaropropene 
1.1.2- Trichloroel hane 
Bromdorm 
Tetrachloroethene 
Styrene 
Vinyl Chloride 
1,2- Dichlmoethane 
1,2- Dichlaropropane 
1,1,2,2- Tetrachloroet hane 
2-Chloroethyl Ether 
Hexachlorethane 
Hexachlorobntadiene 
2.4.6- Trichlorophenol 
Hexachlorobenzene 

7E-08 
1E-07 
2E-08 
2E-09 
7E-08 
E-06 
1E-07 
SE-08 
3E- 09 
IE- 09 
2E- 09 
2E- 08 
7E-08 
1E-07 
2E-07 
9E-07 
1E-08 
6E-08 
9E-09 
1E-06 

1,1,1- Tr ichloroet hane 4E- 06 
2E-OS Toluene 
1E- OS 
1E-04 

Dichloromethane 
Xylencs 
MEK 1E-OS 
Bromomethane . 6E-04 
Carbon Disulfide 4E-03 
1,l- Dichlmoethane IE-OS 
Vinyl Acetate 2E- 04 
1.3- Dichlaropropene 2E-03 
Chlorobenzene 2E-04 
Et hylbenzene 4E-05 
1.4- Dichluobenzene 6E- 05 
1,2- Dichlarobenzene 3E- 05 
Nitrobenzene 2E-03 
1,2,4- Trichlorobenzene 4E-04 
Hexachlorocyclopent adiene 6E- 02 



1 
1 
0 
I 

Radionuclides 
Uranium233&234 
uranium 23s 
Uranium 238 
Americium 241 
Plutonium 239 & 240 
Tritium (gas).. 
Strontium 89 
strontium90 
Cesium 137 
Radium 226 
Radium 22E 
Nan -Radionuclides 
Arsmic 
Barium 
Bergllium 
Cadmium 
chromium 111 
ChromiumvI 
Wgan- 
Mercury 
Hexachlorocyclohexane (alpha) 
Hexachlorocyclohexane (beta) 
Heptachlor 
Heptachlor E p i d e  
Aldrin 
Dieldrin 
DDT 
Chlordane (alpha, gamma) 
Toxaphene 
V O a  & Semi-VOCs 
ChlOrObrIll 
l,l,l-Trichloroethane 
Carbon Tetrachlaide 
Benzene 
Toluene 
Dichloromethane 
Xyitnts 
MEK 
1.2-Dichlorcethane 
Bromomethane 
Carbon Disulfide 
1,l -Dichlomthene 
1,l-Dichlorotthane 
Vinyl Acetate 
1,3-Dichloroppene 
1,1,2-Trichlorcethane 
Bromofam 
Tetrachlaroethene 
ChlOKlbCIK.Cllt 
Ethylbenzene 
Styrene 
Vinyl Chlaide 
1.2-Dichloroethane 
1.2-Dichloroppane 
1,1,2,2-Tctrachlorotthanhant 
2-Chlw0ethyl Ether 
1,4-Dichlorobenzene 
12-Dichlorobenzene 
Nitrobenzene 
Hexachlaroethane 
1,2,4-Trichl0~lbC~e 
Hexachlmbqadiene 
Hexachlcrocyclopentadiene 
2,4,6-Trichloro~hend 

r ? s u  
NIA 
NIA 
NIA 
N/A 
N/A 
N/A 
N/A 
N/A 
NIA 
NIA 
N/A 
!!& 

4.59E-W 

2.73E+05 
3.76Em 

559E+05 

3.64E+05 
1.27E+06 
5 .10Ea  
2nE+05 
135E+05 
1.43E+06 
6.75 E +06 
1.76E+06 
2.08E+06 

1.53EM1' 

9.52E+00 
4.13EM1 

6.19E+V2 

136EM1 

1.03E-t-00 

952E+00 
2.17EM1 
3.17Ei-02 
6.88EUl.2 

6.19Em 
427EM1, 
1.36EM1 
9.52E+00 
6.19E+00 
1.13E+00 

8.84Ei-01 

4 
1.59EM1 

1.13E+02 

I 

I 

I 

I 

HexachlaPbe&ne 7.74E-01 

I 

I 
I 

i 
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ATI'ACHMENT A.3.6 
OPERABLE UNIT 3 CALCULATIONS 



....................... ...................... ........................ ..................... ............... DESCRIPTION: The equation for hole drilling predkta embriom on a per hole biab .................................... ...................... :..= variablarequiing inpra 

Far Repiable  F ine  < =1Sum 
EHQtghole) = 0.25 (note 1) 

Variable 

D. Depth d H d e  
DI. Diameter of Hole 
DT.Buk DcmityofSoil 
T. Total Period of Hole Drilling 

P=EPPP¶PP=PPE=PPPP 

MT,Total Maw of Soil Removed 
VOCTotal(notc2) 

Unit P a a m e t u  

0.41 
0.41 

Emmiom atSource: (nate3) 

Pulicnlite Emiaiom iiom Source kglhde 2.5008-03 
Nm-Radionuclide(soliL) Emiuion Rate gk 
Radionuclide Embsion Rate(note4) P C h  

6.948-W 
6.948-0: 
1.18E-OS V o 8  Embsbn Rate 

N a e  1: Rcfuence Memorandum from TomTiuinic,Public Health Enginac, on PugitivePartkubte Embabm. Jug 2, 

Note 2 V o c I  are msumed to be wmpletelyvolatillzcd and emitted dlring thb activity. 
N a e  3 Contaminant emlr rbnra ta  are based on the msumed initial contaminant conantration, ia theioiL 
Note 4 Radionucfida are maumal to be dbtributed only and homogenialsly In tbc top 6 inch lay= ofroiL 

1984. Tkough Cdorado Department of Health. A i  Pollution Control Divbwn. 

T u n m  XI0 
Contaminant Dbpaaim 
Variable Unit P a a m e t u  R e m a t  ------------------ ----- ------- -------- 
01, Emwion Rate - Non-Radionuclids e=. 6.948-09 Receptm @ 

Q3. E A -  R810 - VOEZ ghat. 1.16E-OS 
0 2 .  Emhrwn Rate - Radwnuclida pcihec. 6.948-03 0.8 km 

Pi 3.14 
Sigma y m lms Dstability 
Sigma z m b r  Dstability 

Contaminant Conemhatiom at Pencdlne 
Windspeed mb= 

Non-Radionuclide mglm A 3 3.298-10 
Radionuclide pCilm"3 3.29E-07 
VOQ mg/m " 3 S.S8E-07 
Initial Coneenhatiom of Contaminants in Soib at Source 

Radionuclide ( p C i n )  1.00E+00 
Nm-Radb (ug/gappm) 1.00E+00 
VOEZ (ug/g a ppm) 1.00E+00 

Talet Tbrabold  R b t  1.00E-06 
T a g &  Tbrabold H a z a d  l n d a  0.1 



im 

[OLE DRILLINC3 - OU3 
DcmeIRisk E s t i r a t a  - Radiommciida 

Variable Unit Parameter 

ntakeRate - m A 3 h  
ntake Duration hrlday 

Frad. Leeward Wind Fador 

Intake Concentration pCUm - 3  3.298-07 
IntakeExposure Period pCi 2.888-03 

===========5 ===== ======= - 

Exposure Period Days 

Uraninm 233 & 234 
Uranium 235 
Uranium 238 
Americium 241 
Plutonium 239 & 240 
Tfitium (gai)" 
Strontium 89 
Strontium 90 
Cesium 137 
Radium 226 
Radium 228 

8E- 11 
7E- 11 
7E- 11 
1E- 10 
1E- 10 
2E- 16 
8E- 15 
2E- 13 
1E- 13 
9E- 12 
2E- 12 

m 

D a c l R i s k  E s t i r a t a  - Nom- Radiommclidca 

Variable una Parameter 

Intake Rate mn3/h 
Intake Duration hrlday 

Frad. Leeward Wind Fador 

IntakeConcentration mglm - 3  3.29E- 10 

Carcinogen Dose Rate m'gllrglday 1.61E- 12 
Non-Carc. Dose Rate mg/tg/day 2.268- 11 

===========s = = 5 = =  ======= 

E x p u r e  Paiod Days 

IntakeExposure Period mg 2.88~- 06 

Arsenic 
Bayllium 
Cadmium 
Chromium VI 
a- Hexachlorocyclohexane 
B- Hexachlorocyclohexane 
Hepachlor 
Hepachlor Epoxide 
Aldrin 
Dieldrin 
DDT 
Chlordane (alpha, gamma) 
Toxa phen e 

Barium 
Chromium III 
Chromium VI 
Manganese 
Mercury 

8E- 11 
1E- 11 
1E- 11 
IE- 12 

-1E- 11 

IE- 12 
1E- I1 
3E- 11 
3E- 12 
5E- 13 
2E- 12 
2E- 12 

3E- 12 

2E- 08 
4E- 06 
4E- 06 
2E-07 
3E-07 

DoseIRbk E s t i r d a  - VOcl 

Variable Unit 

Intake Rate mA31h 
Intake Duration hrlday 
Expasure Period Days 
Prad. Leeward Wind Factor 

===========s I==== 

IntakeConcentration mglm ̂ 3  
[ntakJExposure Period mg 
Carcinogen Dose Rate mg/kg/day 
Non-Carc. Dose Rate mglkglday 

fuAu5GR- 

Chlordorm 
Carbon Tetrachloride 
Benzene 
Dichloromethane 
1,2- Dichluoethane 
1.1; Dichluoethene 
1.3- Dichluopropene 
1.1,2- TriEhlorod hane 
Br om dorm 
Tetrachloroethene 
Styrene 
Vinyl Chloride 
1.2- Dichluoethane 
1.2- Dichluopropane 
1.1.2.2- Tetrachloroethane 
2- Chloroet hyl W her 
Hexachlorethane 
Hexachlorobutadiene 
2.4.6- Trichlorophenol 
Hexachlorobenzene 

l,l,l-Trichloroethane 
Toluene 
Dichloromethane 
Xylenes 
MEK 
Bromomet hane 
Carbon Disulfide 
1,l- Dichluoethane 
Vinyl Acetate 
If- Dichluopropene 
Chlorobenzene 
Ethylbenzene 
1,4- Dichluobenzene 
1,2- Dichluobenzene 
Nitrobenzene 
1.2.4- Trichlorobenzene 

Parameter ------- ------- 

. . . . . . . . . . . . . . . . . 

5.58E-07 
4.89E-03 
2.73E- 09 
3.83E-08 

2E- 10 
4E- 10 
8E- 11 
SE- 12 
2E- 10 
3E- 09 
4E- 10 
2E- 10 
1E- 11 
SE- 12 
SE- 12 
8E- 11 
ZE- io  

SE- ia 
4E- 10 

3E- 09 
4E- 11 

3E- 11 
4E-09 

2E- 10 

1E-08 
6 ~ -  oa 
4~-0a 

4~-0a 

4~-0a 

4E-07 

2E- 06 
1e-05 

6E-07 
6e-0f 
8e-01 
1E-01 
2E-0; 
1e-01 
6E-0t 
1E- Ot . .  

Hexachlorocyclopent adiene . 2E-04 



I 
E 
I 

- 
@A Th rtsbold Lcotl B LJ2.c.a HI 

Thrtahold cmc. Thrtahokl cmc. 

, .  - 
Hexachla-obenzene 229E+V2 

Radionuelidea 
uranium 233 w 234 
Uranium 235 
Uranium238 
Americium 241 
Plutonium 239 & 240 
Tritium (gas). 
Strontium 89 
strontium 90 
Ccsium 137 
Radium 226 
Radium 228 

Arsenic 
Barium 

Cadmium 
chromium I I1 
ChrOmiumvI 

M a l l r y  

N m - R a d i ~ ~ ~ l i d ~ ~  

Bergllium 

Hexachlorocyclohexane (alpha) 
Hexachlawqclohexane (beta) 
Heptachlor 
Heptachlor E p i d e  
Aldrin 
Dieldrin 
DDT 
Chladane (alpha, gamma) 
Toxaphene 
VOQ& Semi-VOCs 
Chloroform 
1,1,1 -Trichlomethane 
Carbon Tetrachlcride 
Benzene 
Toluene 
Dichloromethane 
Xylenca 
MEK 
1.2-Dichlorcethane 
Bromomthane 
Carbon Disulfide 
1,l -Dichloroethene 
1,l-Dichlorotthane 
Vinyl Acetate 
1.3-Dichloroppene 
1,1,2-’Ikichlomethane 
Bromofam 
Tetrachla-oethene 
Chlorobenzene 
Ethylbenzene 
Styrene 
Vinyl Chlcride 
1.2-Dichlomethane 
1,2-Dichloroppane 
1 , 1 , 2 , 2 - T e t ~ i c h l ~ h ~  
2-Chlor0ethyi Ether 
1,4-Dichlorobenzene 
1,2-Dichlorobenzene 
Nitrobenzene 
Hexachla-oethane 
1,2,4-Trichlorobenane 
Hexachla-obutadiene 
HexachlamxcloDenfadiene 
2.4.6-Trichlbrohend 

P a K  
128E+04 
1.39Ei-M 
1.45E+04 
8.67E+03 
b46E+03 
4.45E+09 
1.24)E+OS 
6.19E+06 
7.08E+06 
1.16EM 
5.34E+05 

1.24E+04 

739E+04 
1.02E+05 

151E+05 

!?Jb?k 

9.85E+04 
3.45 E +05 
1.38E+05 
6.82E+04 
3.65E+04 
3.88E+05 
l.gZEi-06 
4.?7E+05 
5.64E+05 

452E+03 

281E+03 
122E+04 

1.83E+05 

!!& 

4.U2EW 

3.05EiUZ 

281E+03 
6.42EM 
9.38EW 
2.03E+05 

1.83EM5 
126E+04 
4.02EM3 
2 8 1 E W  
1.83EW 
3.33EiUZ 

2.61E+04 

4.69EM3 

3.33E+04 

4.43E+06 

I 



DESCRIPTION: The equationlor vehicle IraIIic Fedico emmioe b e d  onsilt content, meanvebiclespeed. 
weight and numba ofprbeeb. and the numberoldap with pcipitation > = .254mm. 

- variablarequking input 

P a a m e t a  R e m a t  
*------ - - - - - - - - I .  

2.638-07 Reeptm @ 
2.63E-01 0.8 t m  
O.OOE +00 

3.14 
h a  Ditability 
hi Drtability 

Fm Reprable  Fine < =lOum, K = 0.45 
E H c $ t g N  KT) = K(1.7)(dlz)(S/48)(Wn.7) A .Tw/4) A 4(365-p)/365) (note 1) 

Variable 
EIPPPP==OEEPPPP==P 

I. at Content 
S, Mean Vehicle Speed 
W, MeanVebicle Weight 
w ,  Mean Numba olWbeeh 
P, W p  with Prec. > -0.254mm 
T,Duation olActivity 
D. TotalVd~icle Distance ltavelled 

VOCTotal(note2) 0.00 

Embriom at Sourcc (note 3) 

Patirnlite Emiwiom from Soarce kslkm 9.48E-01 
Non-Radionuclide (soli&) Emislion R r e  2.63E-07 

2.638-01 Radiomclide Embsion Ratc(note4) 
VO(s EmbrionRate O.OOE +00 

Note 1: R d a a r c e  Memorandum lmm Tom Tiatinic. Public Healtb Engineer, on Fugitive Paniculate Embiioe. July 2, 

Note2VOCsembaDnsarea*rumd to bengligablclor thuactivity. 
N a e  3 Contaminant emissionrata are baaed on the auumcd initial contaminant conantrationu in theroil' 
Note 4: Radionuc6da arc msumd to be dbtributed only and bomogenbrsly in the top 6 inch laya olroil. 

1984. Tkough Colorado Ddpartment of Healtb. A i  Pollution Conhol Division. 

- - T u n e n  XIQ 
Contaminant D b p a r i a ~  
Variable 

01. Emislion Rate - Non-Radionuclide 
02. Emmion Rate - Radiomclida 

Pi 
Sigma y 
Sigma z 
Wbdrpeed 
Contamfaant Coacmeatiom at Pcacdine 
Non-Radionuclide 
Radiomclide 

Initial CoDccneatiool or Contaminants in SoiC at Source 

--..I- -------- ---*- - 

Q3, Emirdon Rate - V O a  

VOQ m d m A 3  O.OOE +OO I I 
1.25E-08 
1.25E -05 

Radionuclide (pciip) l.OOE+OO 
Nan-Radb (uglgcr ppm) l.OOE+OO 
V O a  (t& a ppm) l.OOE+OO 

TRga T l r s b o l d  R k t  1.OOE-06 
TRga Tbrabold H a r a d  l n d a  0.1 



rebiclc Traffic - L i g h t ( l O V ~ / D a y )  - OU3 
Dasc/Risk E s t i r a t a  - Radiommclidra 

Variable Unit Parameter 

Intake Rate m " 3 1 h  
Intake Duration hrlday 

Frad. Leeward Wind Fador 

===========s ===== ======= 

Exposure Period Day 

IntakeConcentration pCi/m "3 1.25E- 05 
IntakdExposure Period pCi 1.09E-01 

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

3E- 09 
3E-09 
3E-09 
4E-09 
4E-09 
9E- 15 
3E- 13 
6E- 12 
5E- 12  
3E- 10 
7E- 11 

D e e / R b k  btindra - Nom- Radiommclidra 

Variable Unit Parameter 

Intake Rate m " 3lhr 
I ntake.Duration hrlday 

Frsd. Leeward Wind Fador 

1.25E-08 IntakeConcentration m u m  " 3 
IntakdExposure Period mg 1.09E-04 
Carcinogen Dose Rate mg/lrg/day 6.11E- 11 
Non-Care. Dose Rate mglwday 8.568- 10 

---------_-- ----- ------- --_--------- ----- ------- 
.. .. 

Expasure Paiod Days 

E P A u u L R  

Arsenic' 
Beryllium 
Cadmium 
Chromium VI 
a- Hexachlorocyclohexane 
9- Hexachlorocyclohexane 
Hepachlor 
Hepachlor Epoxide 
Aldrin 
Dieldrin . 
DDT 
Chlordane (alpha, gamma) 
Toxaphene 

Barium 
Chromium I11 
Chromium VI 
Manganese 
Mercury 

3E-09 
5E- 10 
4E- 10 
3E- 10 
4E- 10 
1E- 10 
3E- 10 
6E- 10 
1E-09 
1E- 10 
2E-11 
8E- 11 
7E- 11 

9E-07 
2E- 04 
2E- 04 
8E-06 
1E-OS 

Variable Unit Parameter 

Intake Rate m " 3/h 
Intake Duration hrlday 
Exposure Period 
Frau. Leeward Wind Fador 

IntakeConcentration mg/m "3 O.OOE+OO 
IntakdExposure Period mg O.OOE+OO 
Carcinogen Dose Rate mglkgiday O.OOE+OO 
Non-Care. Dose Rate mg/l%day O.OOE+OO 

===========s ===== =====t= 

Days 

IimlaGE 
Chlordorm 
Carbon Tetrachloride 
Benzene 
Dichlaromethane 
1,2- Dichluosithane 
1,l- Dichluoethene 
1,3- Dichluopropene 
1,1,2- Trichlcuoethane 
Bromdorm 
Tetrachloroethene 
Styrene 
Vinyl Chloride 
1.2- Dichluoethane 
1,2- Dichluopropane 
1,1.2.2- Tetrachlorod bane 
2- Chloroet hyl Et her 
Hexachlorethane 
Hexachlorobutadiene 
2,4,6- Trichlorophenol 
Hexachlorobenzene 

d Om- 

OE+OO 
OE+OO 
OE+OO 
OE+OO 
OE+OO 
OE + 00 
OE+OO 
OE+OO 
OE+OO 
OE+OO 
OE+OO 
OE+OO 
OE+OO 
OE+OO 
OE+OO 
OE+OO 
OE+OO 
OE + 00 
OE+OO 
OE+OO 

l,l,l-Trichlaroelhane OE+OO 
Toluene OE t 00 
Dichloromet bane OE+OO 
Xylener OE+OO 
MEK OE + 00 
Bromomethane OE+OO 
Carbon Disulfide OE+OO 
1,l- Dichluoethane OE+OO 
Vinyl Acetate OE+OO 
1,3- Dichluopropene OE+OO 
Chlorobenzene OE + 00 
U hylbenzene OE + 00 
1,4- Dichluobenzene OE+OO 
1,2- Dichluobenzene OE + 00 
Nitrobenzene OE+OO 
1,2,4- Trichlarobenzene OE+OO 
Hexachlorocyclopent adiene OE+OO 



iclc Traffic - LiahtflO 71k17b-I - OU3 
A Threehold k l  6 HI 

I 
Radionuclides I Uranium233gr234 
Uranium 23s 
uranium 238 
Americium 241 
Plutonium 239 & 240 
Tritium(gas).* 
Strontium 89 
Strontium 90 
Ccsium 137 

l Radium 226 
Radium 228 
N m  -Rsdionuclidte 
Arsmic 
Barium 
Btrgllium 
Cadmium 
chromium 111 
ChrOmiumVI 
M Q p t s t  
Mmmy 

I 

Hexachlorocyclohexane (alpha) 
Hexachlorocyclohexane (beta) 
Heptachlor 
Heptachlor Epcxide 
Aldrin I 

Dieldrin 
DDT 
Chldane (alpha, gamma) 
Toxaphene 
VOaS & Semi-VOCs 
C h l o r O b l l l l  

I '  
I 

1,1,1 -Trichlorcethane 
Carbon Tetrachloride 
Benzene 
Toluene 
Dichloromethane 
XJlicnts 
MEK 
12-Dichloroethane 
Bromomethane 
Carbon Disulfide 
1,l-Dichloroethene 
1,l-Dichlorotthane 
Vinyl Acetate 
1,3-Dichloroppene 
1,1,2-Trichlorcethane 
Bromofcm 
Tetrachlaroethene 
Chlorobenane 
Ethylbenzene 
Styene 
Vinyl Chloride 
12-Dichloroethane 
1,2-Dichloroppane 
1,1,~2-Tetrachlorotthanc 

1,4 - Dichlorobenzene 
12-Dichlorobenzene 
Nitrobenzrre 
Hexachlaoethane 
1,2,4-Trichlorobcnant 
Hexachlmbutadiene 
Hexachlcruqclopent diene 
2,4,6-Trichlorophend 

2-Chlor0ethyl Ether 

I 

I 
I 

260E+@3 
9.09EW 
3.64Ei-03 
l.&IE+(n 
9.63E- 
1.UZE+04 
4.81EW 
1.26E+04 
1.49E+04 

I 
I 

1 

NJA 
NIA 
NIA I 

NIA 
NIA 
NIA 
NJA 
NIA ~ 

NIA 
NIA 
NIA 
NIA 
N/A 
NIA 
NIA 
NIA 
NIA 
NIA 
NJA 
NIA 
NIA 
NIA 
NIA 
NIA 
NJA 
NIA 
NIA 
NIA 
NIA 
NIA 
NJA 
NIA 
NIA 
NIA 

NIA 
NIA 1 
NIA 
NIA 
NIA 
NJA 
NIA 
NIA 
NIA 
NIA 
NIA 
NJA 
NIA 
NIA 
NIA 
NIA 
NIA 
NJA 
NIA 
NIA 
NIA 
NIA 
NIA 
NJA 
NIA 
NIA I 
NIA 
NIA 
NIA 
NJA 
NIA 
NIA 
NIA 

I 

I Hexachlamben&e NIA NIA 

I I 

I 

I 
I 
I 



........................ ..................... ...................... ................... DESCRIPTION: Theequationfor vehifle hafficprcdieb emmiom bared onailtoontent. wanvehiclespeed. 
weight and numba ofwbeeb. and the numbcrofdaF with precipbtion >= .254mm. 

.................................... :- variablorequiing input 

ITunen XI0 ' Variable 
Contaminant D u p a s k a  

Unit P a a m e t a  Remlrk 
----*------------- ----- -----I- --------s, 

Q1,Ernbion Rme - Non-Radwnuclids @e. 2.638 -06 RweptU @ 
02. Embion Rate - Radionuclida pcikec. 2.638+00 0.8 t m  
03. Ernhian Rite - VOQ g h C .  O.OOE+OO 

lass Dstability 
m lass Dstability 

IILbw 
Contaminant Coocmaatlom a t  Ferndine 
Nm-Radionuclides mglm ,. 3 1.4713-07 
Radionuclid~ pCih A 3 1.4713-04 
Vo(s  m d m  A 3 O.00E + 00 

- .  

Note 1: R d a m c e  Memorandum from Tom Tutink. Public Health Engineer. on Fugitive Particulate Emitbm, lub 2, 

N d e Z V O C I e m i i c n s a r e ~ u r n c d  tobenegligablcfor tblractivity. 
N d c  3: Contaminant cmiuionrata are based on the awumed inithl contaminant conomtrntiom In tbe~oil. 
Note 4: RadionucPda are mrumad to be distributed only and bomogmbualy in the top 6 Inch laya ofsoil. 

1984. Tlxough C d a a d o  Depanmmt of Healtb.ArPollution Conhol Divnion. 

F a  Respiablc Fin- e =10um. IC = 0.45 
EHE(tgN KT) = K(1.7)(dlZ)(S/48)(Wn.7)A..fw/4)A.~(MS-p)/36S) (note 1) 

Variable 

s, Iut Content 
S. Mean Vehicle Speed 
W, MeanVebicle Weight 
w, Mean Number of Wheeb 
P, Dap with Prec. > ~0.254mm 
T. Drration of Activity 
D.TotalVehicIc Distance ltavelled 

PPPP=PPP=IPPP====P 

VOCTotal(notc2) 0.00 

Embsiom atSource: (note3) 

Puricnlite Ernhiom born Source kgclrm 9.48E-01 
2.63846 
2.63E+00 ph Nm-Radionuclide (noli&) E m i i o n  Rme 

Radionuclide Emission Rate(note 4) p C J  ' 

V o ( s  Embsbn Rate gk 0.00E +00 

Sigma y 
~ :indspeed Sigma z 

Tagd TlrsboM Rbk 1.00E-06 
Tagd T l r a b o l d  H s r a d  l n d a  0.1 



lrckicle Tra f f i c  - Huvy(100 VKTIDap) - OU3 
D o s e / R b k  Pat imatea - R a d i o m c l i d e a  

1E-05 
2E- 03 
2E-03 
9E- OS 
1E-04 

Variable Unit Parameter 

Intake Rate  mA3/hr 
Intake Duration hrlday 

Frad.  Leeward Wind F a d o r  

=======I==== ===I= = = = = = = =  

Exposure Period Days 

IntakeConcentration pCi/m - 3  1.47E- 04 
IntakeExposure Period pCi 1.28E +00 

- 

Uranium 233 C 234 
Uranium 235 
Uranium 238 
Americium 241 
Plutonium 239 & 240 
Tritium (gls)** 
Strontium 89 
Strontium 90 - 
C e i u m  137 
Radium 226 
Radium 228 - 

3E- 08 
3E-08 
3E-08 
SE-08 
SE-08 
1E- 13 
4E- 12 
7E- 11 
6E- 11 
4E-09 
8E- 10 

Dose lR i sk  E s t i i a t a  - Now- Radiowwcl ida  I 
Variable - Unit 

Intake Rate  mA3/b  
Intake Duration hdday 

Frad. Leeward Wind Fador  

------------ ----- ----------_- ----- 

Exposure P a i o d  Days 

IntakeConcentration mg/m -3 
IntakeExposure Period mg 
Carcinogen Dose Rate  mg/kg/day 
Non-Carc. Dose Rate mg/kg/day 

-Parameter ------- ------- 

__ 
1.47E-07 
1.28E-03 
7.18E- 10 
1.01E- 08 

- 
limLEx& 

Arsenic 
Beryllium 
Cadmium 
Chromium VI  
a- Hexachlorocyclohexane 
B- Hexachlorocyclohexane 
Hepachlor - 
Hepachlor Epoxide 
Aldrin 
Dieldrin 
DDT 
Chlordane (alpha, gamma) 

- 

Toxaphene - 

’ 4E-08 
6E-09 
4E-09 
3E-09 
SE-09 
1E-09 
3E-09 
7E-09. 
1E-08 
1E-09 
2E- 10 
9E- IO 
8E- 10 

Barium 
Chromium 111 
Chromium VI  
Manganese 
Mercury 

- - 

D e e / R n k  Pat imatea - VOC. 
_ _  

Variable Unit 

Intake Rate  m A 3/k 
Intake Duration hdday 

R a d .  Leeward Wiiid FSdor 

Intake.Conce%~ation mglm A 3 
Intak4Exposure Period mg 
Carcinogen Dose Rate  mglkglday 
NOD-Carc. Dose Rate  mglkglday 

===========s ==I== 

Expcsure P a i o d  Days 

_- 
lliKux& 
Chlordorm 
Carbon Tetrachloride 
Benzene 
Dichloromethane 
1,2- Dichluoethane 
1.1- Dichluoethene 
1,3- Dichluopropene 
1.1.2- Trichloroet hane 
Bromdorm 
Tetracbloroethene 
Styrene 
Vinyl Chloride 
1,2- Dichluoethane - - 
1,2- Dichluopropane 
1.1.2.2- Tetrachloroet bane 
2-Chloroethyl Ether 
Hexachlorethane 
Hexac hloro but adie ne 
2.4,6- Th&lorophenol 
Hexachlorobenzene 

- 

- 

l,l,l- Trichloroethane 
Toluene 
Dichloromet hane 
Xylener 
MEK 
Bromomethane 
Carbon Disulfide 
1,l- Dichluoethane 
Vinyl Acetate 
I f -  Dichluopropene 
Chlorobenzene 
Ethylbenzene 
1.4- Dichluobenzene 
1.2- Dichlorobenzene 
Nitrobenzene 
12.4- Trichlorobenzene 

- 

Parameter ------- ------- 
.. . 

* O.00E + 00 
O.00E + 00 
0.00E+00 
OBOE + 00 

OE+OO 
OE + 00 
OE+OO 
OE + 00 
OE+OO 
OE+OO 
OE+OO 
OE+OO 
OE+OO 
OE + 00 
OE+OO 
OE+OO 
OE+OO 
OE + 00 
OE+OO 
OE+OO 
OE+OO 
OE+OO 
OE + 00 
OE+OO 

OE+OO 
OE+OO 
OE+OO 
OE+OO 

. OE+W 
OE+OO 
OE+OO 
OE+OO 
OE+OO 
OE+OO 
OE+OO 

- OE+OO 
OE+OO 
OE + 00 
OE+OO 
OE+OO . .  

Hexachlorocyclopent adiene OE+OO 



RadionucIidta 
Uranium 233 & 234 
uranium235 
uranium 238 
Amtricium 241 
Plutonium 239 & 240 
Tritium (g). 
strontium 89 
Strontium 90 
Cesium 137 
Radium 226 
Radium 228 
Noa -Radionueliden 
Arsmic 
Barium 
Bcrgllium 
cadmium 
chromium I11 
ChrOmiumvI 
M€UlganCSC 
M a m y  
Hexachlcrocyclohexane (alpha) 
Hexachlmxyclohexane (beta) 
Heptachlor 
Heptachlor E@de 
Aldrin 
Dieldrin 
DDT 
Chfcrdane (alpha, &amma) 
Toxaphene 
VOQ & Semi-VOCs 
chloroform 
l,l,l-Trichloroethane 
Carbon Tetrachlaide 
Benzene 
Toluene 
Dichloromethane 
Xylcnw 
MEK 
1,2-Dichloroethane 
Bromomethane 
Carbon Disulfide 
1,l -Dichloroethene 
1,l-Dichlorotthant 
Vinyl Acetate 
1,3-Dichloroppene 
1,1,2-Trichloroethane 
Bromofam 
Tetrachlauethene 
Chl o ro be na n c 
Ethylbenzene 
StJlrene 
Vinyl Chlaide 
12-Dichloroethane 
12-Dichloroppane 
1,1,?,2-Tct~chlorocthanc 
l-chlor~ethyl E t k  
1,4-Dichlorobenzene 
1,2-Dichlorobenzene 
Nitrobenzene 
Hexachlauethane 
1,?,4-Trichlorobenant 
Hexachlarobutadiene 
Hexachlcrocyclopentadiene 
2,4,6-Trichlorophend 

esh 
288EM1 
3.11EM1 
3.24EM1 
1.95EM1 
1.90EMl 
9 .98E4  
2.68E+05 
1.39EM 
1.59EM 
2.60EiUZ 
120E-#3 

279EM1 

1.66E+02 
223E+02 

3.40E+02 

!?I& 

221E+02 
7.74E+02 
3.09E+02 
153E+02 
819EM1 
8.70EiUZ 
4.10E+03 
1.07EM3 
127Ei-03 

!!I& 
WA 
NIA 
NIA 
NIA 
NIA 
NIA 
N/A 
NIA 
NIA 
NIA 
NIA 
NIA 
EUA 
NIA 
NIA 
NIA 
NIA 
NIA 
W A  
NIA 
NIA 
NIA 
NIA 
NIA 
N/A 
NIA 
NIA 
NIA 
NIA 
NIA 
N/A 
NIA 
NIA 
NIA 

!?I& 
9.95E+03 

5.67EM1 
5.67EM1 
1.13E+03 
855E+02 

!!I& 
N/A 
NIA 
NIA 
NIA 
NIA 
NIA 
N/A 
NIA 
NIA 
NIA 
NIA 
NIA 
N/A 
NIA 
NIA 
NIA 
NIA 
NIA 
N/A 
NIA 
NIA 
NIA 
NIA 
NIA 
N/A 
NIA 
NIA 
NIA 
NIA 
NIA 
N/A 
NIA 
NIA 
NIA 

Hexachlarobenzene NIA NIA 
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RISK CALCULATIONS 
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A.4.1 INTRODUCTION 

The calculation of potential risks to human health involves combining the 

results of the toxicity and exposure assessments. This provides numerical 

quantification relative to the existence and magnitude of potential public health 

concerns related to contamination generated by selected site remedial activities. 

These numerical estimates are comparisons of exposure levels with appropriate 

toxicity criteria (reference concentrations or doses) or estimates of the lifetime cancer 

risks associated with a particular intake. Risk characterization also considers the 

nature and weight of evidence supporting these risk estimates. Potential risks for 

human health were calculated based on four "source to receptor" distances for the 

activities discussed in Appendix 2. The sections that follow descnie the calculation 

of contaminant intakes, their respective health impacts, and the methodology 

employed to accommodate contniution from multiple contaminants and sites. 

A43 CALCULATION OF CONTAMINANT INTAKES 

The calculation of contaminant intakes consists of estimating the magnitude, 

frequency, duration, and route of exposure of contaminants to humans. The 

magnitude of exposure is typically determined by measuring or estimating the amount 

of a chemical available at "exchange boundaries'' (e.g., the lungs) during some 

specified time. Contact with the chemical may lead to absorption. The magnitude 

of total absorption is a critical variable for the calculation of health risks. 

Environmental fate and transport modeling was used to estimate chemical 

concentrations in air at the point of contact with each receptor (see Appendix 3). 

Contaminant exposure is expressed in terms of intake and defined as the amount of 

a substance taken into the body per unit body weight per unit tdne. All non- 

radiological intakes are expressed in units of milligram of contaminant per kilogram 

A-4-1 DRAFT 
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Breathing Rate 

Intake Duration 

Exposure Period 

Fractional Leeward Wind 
Factor 

Averaging Time for 
Noncarcinogenic Chemicals 

Averaging Time for 
Carcinogenic Chemicals 

of body weight per day (m@g/day). Radiological intake and exposure is expressed 

in total picocuries (pCi) inhaled. The receptor parameters used to evaluate the 

intake of contaminants are shown in Table A.4-1. These values are representative 

of an adult receptor located at the boundary of the Rocky Flats Plant. An example 
of how these parameters are incorporated in the derivation of soil threshold levels 

is given in Appendix, 5. 

1.2 m3mr EPA, 1989 

10 hrlday Maximum daily duration of 
remedial activities 

1825 days Total number of days in 

0.4 unitless Rocky Flats Environmental 

5 Y- Assumed calendar period of 

which exposures OCCUT 

Report for 1989. EG&G 

exposure based on current 
scenarios 

70 Y*= EPA, 1989 

TABLE A41 
RECEPTOR PARAMETERS USED TO CALCULA%'E 

CONTAMINANT INTAKES 

A43 RECEPToRIMPACTS 

Health risks from inhalation exposure are calculated by combining the 

chemical intake information with numerical indicators of toxicity. Toxicity assessment 

is the process of characterizing the relationship between the dose or intake of a 

substance and the pitential for an adverse effect in the exposed population. Toxicity 
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evaluation is divided into two general classes for purposes of establishing quantitative 

indicators of toxicity: noncarcinogens and potential carcinogens. 

A.43.1 Carcinogenic Impacts 

Carcinogenic impacts were calculated for each of the principal contaminants 

identified in Appendix 1, using the unit concentrations of PCs at the receptor 

computed in Appendix 3, the intake parameters shown in Table A.4-1 and the cancer 

potency slope factors shown in Table A.4-2. 

Numerical estimates of cancer potency of hazardous chemicals are presented 

as slope factors (SFs). Under the assumption of dose-response linearity at low doses, 

the SF defines the cancer risk (excess chance of causing cancer over a lifetime) due 

to continuous lifetime exposure to one unit of carcinogen (in units of risk per 

mg/kg/day). Likewise the radiological SF defines cancer risk per unit intake of a 
radionuclide (in units of risk per pCi). Calculation of cancer risk provides an upper- 

bound estimate of health effects. Individual cancer risk has been calculated as the 

product of exposure to a chemical (in mg/kg/day) or radionuclide (in pCi) and the SF 
for that substance (in (mg/kg/day)-' or (pCi)-'). Separate estimates of cancer risk are 

calculated for each of the PCs. Each of these cancer risks are related to the 

contaminant emissions from a unit concentration of that contaminant in soil during 

a specific and discrete site activity. 
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Table A.4-2 
Sop Factors and Reference Doses for Principal Contaminants 

. .  

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

Arsenic 
Barium 
Beryllium I 

Cadmium 
Chromium I11 
Chromium VI 
Manganese 
Mercury 
Hexachlorocyclohexane (alpha) 
Hexachlorocyclohexane (beta) 
Heptachlor 
Heptachlor Epoxide 
Aldrin 
Dieldrin 
DDT 
Chlordane (alpha, gamma) 
Toxaphene 

Chloroform 
1,l. 1 - Tr ichloroet han e 
Carbon Tetrachloride 
Benzene 
Toluene 
Dichloromethane 
Xylenes 
MEK 
1,2 - Dichloroethane 
Bromomethane 
Carbon Disulfide 
1,l -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 - Dichloropropne 
1,1.2,2-Tetrachloroethane 
2 - Chloroethyl Ether 
1.4 -Dichlorobenzene 
1.2 - Dichloroben zene 
Nitrobenzene 
H exactdoroe t ha ne 
1.2.4 -Trichlorobenzene 
Hexachlorobutadiene 
Hexachlorocyclopentadiene 
2.4.6 -Trichloro~henol 

- 

YOC8ks-i - V O U  

$ope Factors 
LpCIlA-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 
4.90E-11 
3.00E-09 
6.50E- 10 

-"\ 6 -1 
S.OOE+Ol 

8.40E + 00 
6.10E+00 

4.10E+00 

6.30E+ 00 
1.80E+00 
4.50E+00 
9.10E+00 
1.70E +01 
1.60E+00 
3.40E-01 
1.30E+00 
l.lOE+00 

8.10E-02 

1.30E-01 
. 3.00E-02 

2.00E-03 

9.10E-02 

l.ME+OO 

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 - 0 1 
l.lOE+00 

1.40E-02 

7.80E-02 

l.1OE-02 

Inh. RR: 
f,luLwu 

iaumvua 

1 .OOE -02 

5.70E -0t 
5.70E-04 
1.14E-01 
8.60E -O! 

3.00E+O( 

6.00E -0: 
9.00E-0: 
9.00E-0: 
9.00E-01 

2.00E-0: 
3.00E-01 

l.OOE+O( 
6.00E-0: 
6.00E-01 

5.OOE-0: 
3.00E-01 

2.00E-0: 
4.00E-0: 
6.00E-0: 

3.00E-0: 

2.00E - 04 
. .  

Hexachlorobenaene 1.60E+00 
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A432 Noncarcinogenic Impacts 

Non-carcinogenic impacts were calculated using the unit concentrations of PCs 

at the receptor computed in Appendix 3, the intake parameters shown in Table A.4- 

1, and the reference doses shown on Table A.4-2. Numerical estimates of 

noncarcinogenic toxicity are presented as reference doses (RfD). The RfD is based 
on the assumption that thresholds exist for certain noncancerous toxic effects (such 

as cellular necrosis), but may not exist for other health effects such as cancer. In 
general, the RED is an estimate (with uncertainty spanning perhaps an order of 

magnitude) of a daily exposure to the human population (including sensitive 

subgroups) that is likely to be without an appreciable risk of deleterious effects 

during a lifetime of exposure. 

The calculated intake is divided by the RfD to yield the hazard index (HI). 
If the estimated daily intake for any single chemical is greater than the RfD, the HI 
will exceed unity indicating the potential for health effects. Separate hazard indices 

are derived for each of the chemicals of concern. Each of these hazard indices are 

related to the contaminant emissions from a unit concentration of a contaminant in 

soil during a specific and discrete site activity. 

i 

A.4.4 MULTIPLE CONTAMINANT/SITE APPROACH 

In calculating soil threshold concentrations based on inhalation risk, a 

consistent approach has been adopted to accommodate the potential for risk 

contribution from multiple contaminants and/or multiple sites. The goal is to 

calculate soil threshold concentrations which can be implemented without regard to 

the number of contaminants involved or cognizance of concurrent activities at other 

operable units. In order to achieve this goal, a level of conservatism has been 

introduced to the process. 

I 
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For non-carcinogenic contaminants, individual soil threshold values are 

calculated to yield a hazard index of 0.1 As stated in the National Contingency Plan 

(40 CFR Part 300), "For systemic toxicants, acceptable exposure levels shall represent 

concentration levels to which the human population, including sensitive subgroups, 

may be exposed without adverse effect during a lifetime or part of a lifetime, 

incorporating an adequate margin of safety." A hazard index of 0.1 is a factor of ten 

below the level which has the potential for adverse toxicological impacts. A factor 

of ten is believed to be an adequate margin of safety. 

For carcinogenic contaminants, individual soil threshold values are calculated 

to yield a carcinogenic risk of lod. As stated in 40 CFR Part 300, "For known or 

suspected carcinogens, acceptable exposure levels are generally concentration levels 

that represent an excess upper bound lifetime cancer risk to an individual of between 

10" and lod using information on the relationship between dose and response. The 

lod risk level shall be used as the point of departure for. . . multiple contaminants 

at a site or multiple pathways of exposure." 

Two other sources of guidance are potentially relevant for determining a 

specified lifetime excess cancer risk. These are: 

The National Oil and Hazardous Substances Pollution Contingencv: Plan Final 

- Rule (FR 8667, March 8, 1990, a.k.a the National Contingency Plan [NCP]) 
guides EPA to consider a range between lo4 and lod as an acceptable 

lifetime excess cancer risk (LECR) under CERCLA 

OSWER Directive 9360.1-01, Interim Final Guidance on Removal Action 

Levels at Contaminated Drinkine Water Sites (EPA, October 1987) guides 

EPA to consider an LECR of 10" as the benchmark at which the Agency is 

required to provide an alternate water supply. 
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Therefore, calculation of soil threshold concentrations at a hazard index of 0.1 

or the lo4 risk level is adequately health protective to accommodate the potential for 

risk contriiution from multiple contaminants and/or multiple sites. 

A.4.5 UNCERTAINTIES AND IMPACTS ON RISK CALCULATIONS 

Besides the possibility of contributions from multiple sites and/or 

contaminants, there are other sources of uncertainty in the risk based derivation of 

the, soil threshold levels. These uncertainties have been taken into consideration by 

mahizing the potential impacts, rather than assuming an avelage impact. 
! '  

The, bources of emissions (i.e., from excavation, drilling, vehicular &affic> 

where calculated assuming maximum probable parameters. For example, vehicle 

weight used in the formula to estimate emissions from light or heavy traffic is 

assumed to be at maximum loading. However, the vehicle may not I always be 

canying a full load, thus reducing the actual amount of dust emitted (and therefore, 

the off-site contaminant concentratio?). 

I 

The activities (and intakes) are assumed to take place 10 hours a day every 

day for five years. It is more likely that the work will occur over a fraction of th is  

period. In addition, different activities at each site (such as excavation and vehicular 

traffic) will result in different rates of emission. However, the soil threshold limit will 

be selected based on the activity emitting the most dust. 

The dispersion foxmula used to estimate the transport of contaminants to the 

I receptor is conservative since it does not take into account deposition of particulates 

from the plume or other contaminant removal mechahms. In addition, the distance 
to the receptor will in most cases be underestmated, resulting in an overestimate of 

the concentration at the receptor location. 

I 

1 
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The potential receptor is assumed to be at the site boundary at all times 
during which the work activities are occurring (every day for five years). The 
exposure scenario does not take into consideration the fact that the receptor may not 
always remain at the same location. The receptor may be indoors, away from home, 
or may have relocated permanently during the five year period. 

All potential carcinogens are treated as known (Group A) human carcinogens, 
whereas many are actually lower rank carcinogens which have been shown to cause 
cancer in animals but not in humans. It is possible that some of these are not human 
carcinogens. Non-carcinogens are assumed to affect the same organs for additivity. 
However, an organ affected by one substance may not be affected by a different 

substance. 

All the above considerations compound the margin of safety inherent in the 
assumptions made in Section k4.4. Therefore, it is very likely that the risks from the 

activities considered in this PPCD will be significantly lower than the levels that form 
the basis for the soil threshold levels. 

A.4.6 REFERENCES 

EPA, 1989. Risk Assessment Guidance for Superfund - Human Health Evaluation 
M a n ~ d ,  Part A, Interim Final. OSWER Directive 9285.70lA, Environmental 
Protection Agency, Office of Solid Waste and Emergency Response, Washington, 
D.C., December, 1989. 

EG&G Rocky Flats, Inc., 1989. Rocky Flats Environmental Report for 1989. 

40 CFR 300, U.S. Code of Federal Regulations, Title 40 Part 300, 'National Oil and 
Hazardous Substances Pollution Contingency Plan." U.S. Environmental Protection 
Agency, 1990. 
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A~PENDIX s 

CALCULATION OF SOIL THRESHOLD LEVELS 
I 
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k5.1 INTRODUCTION 

Soil threshold levels have been calculated for each of the principal 

contaminants (Pa) that were screened in Appendix 1 and for each of four receptor 

distances. The calculation of soil threshold levels involves a correlation of emission 

factors and atmospheric dispersion with the risk values established in Appendix 4. 

A.5.2 DOSIMETRIC/RISK PERFORMANCE 0BJECl"W 

Calculation of soil threshold levels requires the selection of a risk-based 

performance objective which is acceptable considering potential contriiutions from 

multiple contaminants andlor multiple sites. As discussed in Appendix 4, soil 
threshold concentrations have been calculated at a hazard index of 0.1 or the lo4 risk 

level to the public. 

A.53 CALCULATION OF SOIL THRESHOLD CONCENTRATIONS 

The calculation of soil threshold concentration uses the receptor risk values 

calculated in Appendix 4, normalized to the 0.1 hazard index or lo4 risk level. These 

soil threshold levels take into account the different emission rates resulting from the 

various activities considered (drilling, excavation, traffic, etc.). These threshold levels 

also take into account the dilution in airborne concentrations from the source to the 

receptor by application of Turner's equation for atmospheric dispersion. This is done 

by back-calculating from the end result (limiting off-site airborne concentrations) to 

the source of this concentration (emission of contaminated soil by mechanical 

activity). Back-calculation is commonly employed in the CERCLABARA and RCRA 
process for establishing acceptable concentrations of con t a m i n a n t s i n m a l l  

media. The technique is also widely used in other environmental-regulatory programs 
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(NESHAPS, establishing discharge limits under NPDES regulations, etc.). This 

technique can best be illustrated by the following example. 

k5.4 EXAMPLE OF CALCULATION 

The first step in the calculation of soil threshold levels begins with an 

assessment of the concentration of the contaminant in air that would result in a 

Lifetime excess cancer risk (LECR) of lo4 for carcinogens or a Hazard Index of 0.1 

for non-carcinogens. Since the majority of the principal contaminants are 

carcinogens, the example will be based on beryllium. The major difference between 

carcinogens and non-carcinogens is that the risk is spread out over 70 years for the 

former, but the dose is distributed over 5 years (the period of work activities assumed 

in the PPCD) for the latter. 

From Table A.4-2, the slope factor for beryllium is listed as 8.4 per mg/kg/day. 

For a 70 kg individual, this converts to 0.12 per mg/day. Therefore, the individual 

cannot inhale more than 8.3 x 10" mg/day for the LECR not to exceed lo4. The 

exposure is assumed to occur over 5 years (or 1825 days), but the risk is averaged 

over 70 years resulting in a total limiting inhaled mass of 0.21 mg beryllium. From 

Table A.4-1, the receptor is assumed to inhale 1.2 m3/hr of air during the exposure 

period (10 hr/day for 1825 days), for a total of 22,000 m3. However, the wind is 

assumed to blow in the direction of the receptor 40 percent of the time. Thus, the 

volume of potentially contaminated air inhaled by the receptor is assumed to be 8,800 

m3. Therefore, the average concentration of beryllium in this air must not exceed 2.4 

x mg/m3. This is the number listed in Table A.7-3 for beryllium and does not 

depend on the location or type of activity that results in this release. 

To assess the release rate of beryllium that would result in the above 

concentration at the receptor location, atmospheric dispersion must be taken into 
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account. In this example, it is assumed that the activity causing the release occurs in 

Zone B, assumed to be 2.9 km from the receptor location on the site boundary. The 

lateral and vertical dispersion factors for Turner’s Equation are 182 m and 64 m, 

respectively (Table k3-1). The average windspeed was estimated to be 4.7 m/sec. 

These factors are multiplied together with the number pi to obtain 1.7 x 1 6  m3/sec 

(see Turner’s Equation, Section k3.2 in Appendix 3). This number is then multiplied 

by the limiting concentration, 2.4 x lo5 mg/m3, to obtain the maximum allowable 

release rate of the contaminant, 4.2 mg/sec (or 4200 pg/sec). 

Assuming that the activity under consideration is drilling, the estimated release 

rate of dust is 0.25 kg per well over 10 hours (see Section k2.2  in Appendix 2). 

Converting to seconds and grams, this is 0.007 g/sec of dust. 

I 

I 

The beryllium soil threshold level for drilling in Zone B is obtained by dividing 

the limiting contaminant release rate by the estimated dust emission rate. In this , 
example, the result is 6 x 1 6  pg/g as shown in the Zone B Table in Attachment 

k5.1. 

Similar mathematics are involved in deriving all the other soil threshold levels 

for each contaminant, activity and zone considered. 

ASS TABULATION OF SOIL THRESHOLD LEVELS 

The calculated threshold soil concentration for each of the receptor distances 

(0.5 km, 1.6 km, 2.9 ban and 4.4 lun, corresponding to Zones A, By Cy and OU-3, 

respectively) are shown in Attachment k5.1. The tables in this attachment , 
summarize the soil threshold levels calculated based on the activities described in 

Appendix 2. The actual calculations were performed as part of the Zones A, B and 

C and Operable Unit 3 calculations in Appendix 3. For chemicals with both 
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carcinogenic and noncarcinogenic quantified threshold calculations, the more limiting 

(lower concentration) will be applied. Threshold values exceeding lo6 pg)g indicate 

that under the assumed site conditions (Le., nature of activity, soil moisture, wind 

speed, etc.), the benchmark risk to an off-site receptor will never be exceeded. This 

is due to the fact that the concentration of a contaminant is unable to exceed lo6 
pgg; thus, the soil threshold level will not be reached. 
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ATTACHMENT A51 

SOIL THRESHOLD LEVELS - 
ZONES A, B, C & OU3 

Summary of Calculations in 
Attachments k 3 . 3  through k3.6 to Appendix 3 
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SOIL THRESHOLD LEVELS - ZONE A 

ACTIVITY 

NOTE Threshold values exceeding 1EO6 uglg indicate that under the assumed site conditions (i.e.. nature of adivity, soil moisture, wind speed, etc.), 
the acceptable risk to an off-site receptor will never k acceded This is due to the fact that the concentration of a contaminant can never e x c a d  1E06 udg; 
thus, the soil threshold level will never be reached. 
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SOIL THRESHOLD LEVELS - ZONE B 
ACTIVITY I 

NOTE: Threabold values exceeding 1EM ug/g indicate that under the assumed site conditions (i.e., nature of activity, soil moisture, wind speed, etc.), 
the acceptable risk to an off-site receptor will nevu 
tbus, the soil threshold level will never be reached. 

acceded This is due to the fact that the concentration of a contaminant can never exceed 1E06 148;  
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SOIL THRESHOLD LEVELS - ZONE C 

I ACTIVITY I 

NOTE Threshold values exceeding 1EO6 uglg indicate that under the assumed site conditions (Le., nature of activity, soil moisture, wind aped, etc.), 
the acceptable risk to an off-site receptor will never k acceded This is due to the fact that the concentration of a contaminant can neycr exceed 1E06 uglg; 
thus. the soil threshold level will never be reached. 

' 
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SOIL THRESHOLD LEVELS - OPERABLE UNIT 3 

I ACTIVITY 

NOTE Threshold values exceeding 1Eo6 uglgindicate that under the assumed site conditions (i.e.. nature of activity, soil moisture, wind speed, etc.), 
the acceptable risk to an off-site receptor will never be aceeded This is due to the fact that the concentration of a contaminant can never exceed 1E06 uglg; 
thus, the soil threshold level will never bereached. 
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. APPENDIX 6 

DISPERSION PREVENTION TECHNIQUES 



A.6.1 INTRODUCTION 

This appendix discusses the measures that can be used to control the dust and 
vapors which may be produced during remedial investigations in work areas classified 
as Stage 2 at RFP. The measures will be summarized here since they have been 

desmied in detail in various EPA publications, particularly the Dust Control 
Handbook (EPA 1985). A two step process was used to identify control measures. 

First, the control measures which are commonly used (or logically could be used) for 
the activities involved in a remedial investigation were evaluated by reviewing the 

literature and interviewing RF'P personnel. During this process, unproven 
technologies and control technologies incompatiile with the operations being 
performed were eliminated from consideration. For example, use of a protective 
enclosure for a roadway and use of vacuum truck to decontaminate topsoil were 
ruled out. The second step of the process was to evaluate or rank the control 
measures which are technologically feasible for each dust or vapor producing activity, 

e.g., excavation, well drilling, etc. 

The methods of control were first ranked in terms of effectiveness and their 
implementability. Each measure was scored on a scale of 0-4, with 4 being the 
highest, for each of the two attributes. Cost considerations were only applied as a 
tie-breaker. This screening process parallels EPA RI/FS guidance (Guidance for 
Conducting Remedial Investigations and Feasibility Studies under CER- EPA 
1988, OSWER Directive 9355.3-01). The scoring system is shown in Table A.6-1. 
Quantitative data were used as the basis of the rating, when they were available. 
However, for implementability and where quantitative data were not available, a 

reasonable judgement and/or qualitative descriptions from other studies were used. 
The scores for effectiveness and implementability for each control measure were 
added, with equal weight given to each, to determine the preferred method of 
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control. A score of zero in any category eliminated the control from consideration 

for the activity being investigated. 

Ineffective or not suited to 
application 

TABLE A.6-1 
SCORING SYSTEM FOR RATING CONTROL MEASURES 

Impossi+e to ikplement for this 
application 

SCORE I EFFECTIVENESS I IMPLEMENTABILITY 

Highly effective - 1  Easily implemented 

Implementable with some 
difficulty , 

Very effective 

~ e s s  effekive 2 1  Implementable with major 
dif6culty 

Not very effective I knplementable only with 
extreme difficulty 

0 

I 

k6.2 GENERAL CONTROL MEASURES 
I 

I 

There are a number of good operational practices which should be 

implemented for dust control at Stage 2 contaminated sites. These principles should 

be adhered to whenever possible and therefore are not considered below as 
alternatives. The following list of practices follow the Construction Dust Suppression 

Feasibility Study (Engineering-Science 1990) with some additions. These operational 

practices will be implemented to the extent practicable on any Stage 2 activity at RF'P 
by the Project Manager. , 

0 Minimize the number of times contaminated soil is moved or disturbed. 

0 Minimize the land surface area which is disturbed or cleared. 
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Proceed expeditiously once work is initiated. 

Protect the vegetative cover outside the construction area and restore 
vegetation in the area upon completion of construction activities. 

Minimize vehicle and equipment movement in the construction zone. 

Wheeled vehicles are preferred over tracked vehicles for dust 
minimization. 

Low profile activities, such as pushing or grading, are preferred over 
batch drop or dumping operations. 

Minimize mud and dirt carryout from construction sites to paved roads 
as a matter of good housekeeping. For example, muddy areas should 
be regraded or graveled. 

Limit vehicle traffic on unpaved roads. 

Speed on unpaved roads should be controlled. 

A63 DUST PRODUCING ACTMTJJIS 
DURING REMEDIAL INVESTIGATIONS 

Several dust producing activities are expected to occur at RFP during remedial 

investigation activities. 

A.63.1 Major Excavations 

These are large construction projects in which various types of earthmoving 

equipment are used and multiple operations are necessary to accomplish the 

excavation. An example is the french drain installation for the 881 Hillside Phase II- 
B Interim Remedial Action Project which will involve the following dust producing 

activities (Engineering-Science 1990): 
I 
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0 The top twelve inches of soil in the french drain trench area will 
be removed for temporary storage in a low covered pile. 

0 The topsoil from the innuent collection trench associated with 
the french drain will be removed and placed in a low covered 
pile. 

0 The balance (below topsoil) of the french drain trench and the 
I innuent collection trench will then be dug and only conventional 

dust control measures implemented. 

A.63.2 Minor Excavations 

These are typically short-term (1-3 day) projects in which only relatively small 

amounts of dirt are moved in a limited area. The prime example of this type of 

excavation is the test pit. Test pits are prepared by removing the first six inches of 

soil with a backhoe. This soil, which could be contaminated, is then stored in a 

covered pile. A pit 7 feet long, 5 feet wide, and 4 feet deep is then excavated by the 

backhoe. This operation is a material drop with no transportation of contaminated 

material, and it should be completed in one day, resulting in only a few trips by 

vehicles over potentially contaminated areas. , 

1 

A633 Drilling 

This activity consists of drilling test wells or monitoring wells in potentially 

contaminated areas, using a hollow-stem auger technique. The auger is removed and 

core samples are normally taken at six foot intervals. Once the drilling equipment 

is in place, only light vehicle traffic will cross contaminated areas. Contaminated drill 
cuttings may be placed in drums for disposal. 
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' 8  A.63.4 Unpaved Roadways 

Traffic over potentially contaminated roadways is expected to increase during 

remediation activities . The traffic may be either characterized as heavy or light in 

frequency. Light vehicular traffic is associated with minor excavations. 

A.6.4 DUST CONTROL MEASURES 

The following section discusses various control measures for the dust 

producing activities and indicates how the measures were selected. The measures 

considered for each activity are summarized in Table k6-2. 

A.6.4.1 Major Excavations (Inkrim Remedial Actions) 

The dust control methods rated for their effectiveness and implementability 

for major excavations were: area spray with water, area spray with a water-surfactant 

mixture, chemical dust suppressants (including foam), spray curtain, windscreen, and 

containment structures.. The emissions from heavy vehicle traffic are covered in a 

separate section for unpaved roads. The emission sources considered in this section 

are digging and material drop. 

(1) Area Spraying with Water. This method involves wetting the area prior 

to excavation and wetting frequently as new soil is exposed. A study done in 1984 

showed efficiencies for area spraying in the range of 62-70 percent for fine 

particulates during either traveling and scraping or dumping operations (EPA 1985). 

A-6-5 DRAFT 

I ! I 



' I  
I 
I 
I 

I 
1 
I 
I 

Preventive 
Measures 
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Major 1 Minor I Drilling 
Excavations Excavations 

TABLE A62 
P- MEASURES CONSIDERED FOR VARIOUS A-S 

Area Spraying 
with Water 

(m) (Test Pits) 

X X X X 

Unpaved 
Roads 

Area Spraying 
with Water/ 
Surfactant 

X X X X 

Chemical Dust X X 
Suppressants 

curtains 
spray X X 

Windscreens I X I X 

X X 

Not Applicable 
Applicable 

I Applicable 
I 

Containment 

Paving Not Applicable 

Not Applicable 

Therefore, area spraying with water was rated 'trery effective.'' Since this measure 

is commonly employed at construction sites and wetting can be performed with 
readily available equipment (water truck) and materials, a rating of "easily 
implemented" was assigned. In the recently completed 881 Hillside construction 
project, area spraying was successfully employed as a dust control measure. The total 
for this control method was 7 points. 

(2) Area Spraying with a WaterSurfactant Mixture. Surfactants, such as 

soaps, detergents, and various commercial products, reduce the surface tension of 

water and allow better penetration. Theoretically the use of water with a surfactant 
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should increase the efficiency of the treatment over water alone; but, since the 

primary purpose of the surfactant is to reduce water consumption, both treatments 

are considered to be "very effective." Wetting can be performed with the same 

available equipment as with water spraying. However, there is a potential for 

workers to be exposed to concentrated chemicals for which there is evidence of 
adverse effects in animals (EPA 1985). In addition, these may be occasions;where 

the surfactant could contaminate the soil and compromise the validity of analytical 

results and/or enhance contaminant mobility in soils. Therefore, a rating of 

"implementable with some difficulty" was assigned. The total for this treatment was 

6 points. 

(3) Chemical Dust Suppressants. Except for use in conjunction with a 

spray curtain (see below) or as a treatment for the work area (see k6.4.4, Unpaved 

Roads), chemicals were not considered to be appropriate for use during digging 

operations because the area treated is continuously disturbed, greatly reducing their 

effectiveness. In addition, some of the drawbacks expressed in the use of surfactants 

apply here as well. Since a rating of 'hot suited to application" was assigned, 

chemicals were not rated for their implementability for this application. 

(4) Spray Curtains. A spray curtain consists of a series of nozzles which 

produce a Ylat" spray around a dump location (usually a truck). The liquid from the 

nozzles captures and moistens the particulates as they fall through the curtain. Since 

the potentially contaminated topsoil will probably be transported to temporary 

storage piles or the burial trenches by scrapers, this control could not be 

implemented for the initial phase of construction. Trucks will transport soil during 

excavation of the trenches and spray curtains were considered for this phase. In the 

same study cited above for area spraying (EPA 1985), results were reported for the 
I 

both a water/surfactant spray and a chemical foam c d .  The 

spray was slightly more efficient than the chemical foam (56 versus 

effectiveness of 

water/surfactant 
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41 percent for fine particulates). However, neither method was as efficient as area 

spraying. Based on these results spray curtains were rated as "less effective." This 

application would also be slightly more difficult to implement than area spraying since 

a spray curtain would have to be purchased or fabricated. Therefore it was rated as 
"implementable with some difficulty." The spray curtain was given a value of 5 

points. 

I 

( 5 )  Windscreens. Windscreens were studied as an alternative means of 

dust control for the Hillside 881 Project in Engineering-Science's Study (1990). Due 

to the size of the construction zone, a design incorporating two screens 160 feet long 

by 21 feet high and two screens 120 feet long by 21 feet high were considered. The 

study noted that rough terrain in the 881 hillside area could reduce the effectiveness 

of the windscreens by creating turbulent air flow and it suggested that windscreens 

be supplemented with other control means. Data on the effectiveness of windscreens 

are mixed. Some studies (EPA 1985) noted a reduction in total suspended 

particulates and inhalable particulates by 75 percent and 60 percent, respectively. 

However, another study indicated that windscreens did not reduce concentrations in 

the less than 10 micrometer respirable-size range. It was concluded that windscreens 

would probably be effective in reducing wind erosion of large particulates from 

disturbed areas and storage piles, but may not be effective in reducing off-site 
concentrations. Therefore, windscreens were rated as 'hot very effective." No 

adverse health effects for workers, other than the normal hazards of construction, are 

anticipated for the use of windscreens. However, the design studied in Engineering- 

Science (1990) also required 38 relocation operations, which will generate additional 

dust. This application was rated "implementable with major difficulty." The 

windscreen rating was 3 points. 

. 

(6) Containment Structure (tent). A ribbed fabric structure was selected 

for analysis by  Engineering-Science (1990) for the 881 Hillside Project. Since the 
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influent collection trench is wider than the largest standard size, a custom design was 

necessary. Because of the potentially windy conditions, it was assumed that the 

structure would be placed on concrete pilings placed on 15 foot centers. Due to the 

uneven terrain, each relocation of the structure along the trench would require a 

custom installation, with a new set of pilings of differing lengths and additional 

materials to ensure a good seal with the ground. No figures were presented for 

control efficiency in the study. It is doubtful that 100 percent efficiency could be 

achieved, particularly in a structure to be built over a trench. Even if the efficiency 

of the structure itself is high, the additionalldust generated during the construction 

of the pilings for numerous relocations and the relocation activities themselves offset 

its effectiveness. For these reasons, the containment structure was rated as 'Gery 
I 

I effective" rather than "highly effective." Worker safety is a major concern in I 

, implementing this control because contaminants from the soil and pollutants from 
vehicle exhausts will be confined by the'structure. Class C worker protection was 

assumed for cost analysis purposes in the study, resulting in decreased worker 

efficiency, heat stress, and lost productive time. In addition, upon completion of 

activities, the structure will probably have to be disposed of as a hazardous waste. 

As a result the use of a containment structure was rated as "implementable only with 

extreme difficulty." The total score was 4 points. 

1 

A.6.4.2 Minor Excavations (test pits) 

The methods which were rated for their effectiveness and implementability for 

minor excavations were: area spray with water, area spray with a water-surfactant 

mixture, chemical dust suppressants (including foam), spray curtain, windscreen, and 

containment structure. The emission sources considered in this section are digging 

and material drop. 
1 

I I  
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(1) Area Spraying with Water. This method is employed in the same 
manner as discussed for major excavations and is expected to be "very effective" and 

''easily implemented". This method was successfully implemented in the 881 Hillside 

construction project, as discussed in the previous section. The total for this control 

method was 7 points. 

(2) Area Spraying with a Water-Surfactant Mixture. The surfactant may 

interfere with the chemical analysis of results from the test pit. For this reason, a 

rating of "not suited to application" was assigned, and surfactants were not rated for 

their implementability for this application. 

(3) Chemical Dust Suppressants. Chemicals also may interfere with the 

broad range of chemical analyses associated with the test pits. In addition, chemicals 

are not considered to be appropriate for use during digging operations because the 

treated area is continuously disturbed, greatly reducing their effectiveness. Since a 

rating of ''not suited to application" was assigned, chemicals were not rated for their 

implementability or efficiency for this application. 

(4) Spray Curtain. Spray curtains have found application in the loading of 

trucks but not during excavation (see discussion of spray curtains for major 

excavations, above). Since test pits will be constructed by a backhoe placing the 

excavated soil near the pit for later reuse, a rating of "not suited to application" was 

assigned and spray curtains were not rated for their implementability or efficiency for 

this application. 

(5) Windscreens. As discussed in conjunction with major excavations, data 

on the effectiveness of windscreens are mixed (EPA 1985). Since they may not be 

effective in reducing off-site concenkations, windscreens were rated as "not very 

effective." In order to study the implementability and efficiency of this control for 

I 
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test pits, a windscreen was designed to protect the pit itself and separate piles of 

contaminated topsoil and clean soil. Additional length was added to account for up 

to a 45 degree change in wind direction. The result was a windscreen 8 feet high by 

44 feet long. This application was rated "easily implemented." The total score for 

this method was 5 points. 

(6)  Containment Structure. In order to study this alternative for test pit 

construction, the minimum size of nibed fabric structure to contain a backhoe, the 

test pit, and the temporary storage piles was computed to be a structure 30 feet by 

40 feet by 15 feet high. No figures for control efficiency are available for this 
alternative, but, as discussed above, it is doubtful that 100 percent efficiency could be 

achieved. Even if the efficiency of the structure itself is high, the additional dust 

generated during the construction of the structure and numerous relocations reduce 

its effectiveness. For these reasons, the containment structure was rated as 'trery 
effective" rather than "highly effective." Worker safety and hazardous waste disposal 

considerations result in a rating of "implementable only with extreme difficulty." The 

selected structure could be moved on wheels in special channels to increase the 

efficiency of relocations or, if more than one test pit is active at a given time, 

additional structures would be constructed. In either case, the containment structure 

was rated as having significant implementability considerations. The total score was 

4 points. 

A.6.43 Drilling 

The preventive measures considered for drilling activities were area spraying 

with water, area spraying with water mixed with a surfactant, chemical dust 

suppressants (including foam), and windscreens. Containment structures were not 

considered for a variety of reasons, including the low emissions from drilling, the 

confined area of activity, the height of the drill rig, and the higher moisture 'content 
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of subsurface soil. The emissions from light vehicle traffic are covered in a separate 

section for unpaved roads. The emission sources considered in this section include 

drilling and auger removal. 

(1) Area Spraying with Water. The emissions from drilling will occur in a 

limited area in the vicinity of the bore hole over a short period (one day or less). 

This ar'ea could be sprayed by a hand-held device, or an array of spray nozzles could 

be fabricated. This treatment, k e d  successfully in the past, is expected to be "very 

effective" and "easily pplemented". The total for t@s conqol method was 7 points. 

I 
I I I 

(2) Area Sprahg with a Water-Surfactant Mixture. Surfactants may 

interfere with the analysis bf results from drilling. For this reason, use of a surfactant 

was scored as "not suited to application" and surfactants were not rated for their 

implementability1 for this application. I 

I 
I 

I 

(3) bhemical Dust Suppressants. Chemicals may also interfere with the 

analysis of results from drilling. Since a rating of 'hot suited to application" was 
assigned, cherpicals were not rated for their implementability or efficiency for this I 

application. I 

(4) Windscreens. Since they may not be effective in reducing off-site 

concentrations, windscreens were rated as "not very effective." In order to study the 

implementability of this control, the same design postulated for test pits was assumed. 

This application was also rated "easily implemented'' for drilling. The total score for 

this method was 5 points. 
I I 

I 
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A.6.4.4 Unpaved Roads 

The dust control methods of choice are spraying with water, spraying with 

water mixed with a surfactant, chemical dust suppressants, and paving (EPA 1985). 
Although it is not commonly thought of as a dust control measure itself, proper 

roadway preparation enhances the above measures by ensuring that good compaction 

can be achieved. Sampling to determine if the aggregates are present in the proper 

sizes and proportions to give good compaction should be undertaken prior to using 

any unpaved, potentially contaminated road for heavy vehicle traffic. If the proper 

aggregate sizes and proportions are not present, the missing sizes can be added or 

a chemical dust suppressant can be chosen which will provide optimum control for 

the roadway conditions. The value of each of the control measures for unpaved 

roads is discussed below. 

(1) Spraying with Water. Watering once per hour has an effectiveness of 

50 percent. Watering twice as often will raise the effectiveness to 75 percent; and 

effectiveness near 100 percent has been obtained with applications of 0.125 
gallonshquare yard every 20 minutes (EPA 1985). The application rate must be set 

so that contaminated water runoff is not a problem. The use of water was rated 

'trery effective." The equipment needed to apply this treatment, a water truck or 

calibrated spray bar, and equipment operators are readily available. However, the 

frequency of application is significantly higher than for chemicals which may only 

need to be applied every few weeks. Therefore, this treatment was scored 

"implementable with some difficulty". The total score for this application was 6 

points. 

(2) Spraying with Water Mixed with a Surfactant. The addition of the 

surfactant merely increases the penetration of the water into the roadbed. With the 

same level of watering, the use of a surfactant should increase the effectiveness of the 

I 
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treatment. Since surfactants are normally added to reduce water consumption, the 

effectiveness is considered to be the same (EPA 1985). The use of water with a 

surfactant was rated "very effective." The equipment used to apply this treatment is 

the same as for water-only treatment, and similar application frequency requirements 

apply. The exposure to certain concentrated surfactants prior to dilution is a concern 

for workers' safety, but no major environmental effects were noted (EPA 1985). 
Therefore, the treatment was rated "implementable with some difficulty." The total 

score for this application was 6 points. 

(3) Chemical Dust Suppressants. In addition to surfactants used in 

conjunction with watering, there are three categories of products based on their 

method of dust control and chemical similarity: salts, adhesives, and bitumens. 

These products may be applied topically to the road surface or mixed in with the top 

layer of aggregate. A survey of the products available in 1983 showed that the 

effectiveness varied widely with the number of days since the last application, the 

application rate, traffic volume, vehicle size, the receiving surface, and testing 

methodologies. Efficiencies of 80 percent or greater were achieved within the first 

week after the initial application. Subsequent applications should be more effective, 

but no data was available (EPA 1985). Thus, chemical dust suppressants as a class 

were rated "very effective." A spray bar is preferred over a water truck for 

application of liquid chemicals to ensure the correct application rate, and mixing 

chemicals with the top layer of soil is more difficult than topical applications. In 
general, the chemicals used for dust suppression are neither toxic nor mobile in the 

environment (EPA 1985); however, this application may require worker protection. 

The introduction of additional persistent chemicals into the environment may cause 

other regulatory considerations at RFP. Because of these factors, the use of chemical 

dust suppressants was rated "implementable with major difficulty." The wide variety 

of chemicals available, each with a different application rate and long term 
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effectiveness, makes a comparison with other dust reduction methods difficult. The 

total score for chemicals was 5 points. 

(4) Paving. The Handbook of Dust Control (EPA 1985) notes a reduction 

of 98.5 percent in the base emission factor for paved versus unpaved roads. Paving 

was rated %ghly effective" in reducing dust from roads. However, since multiple 

sites would each require temporary roads during remedial investigations, this solution 

was rated "implementable with extreme difficulty." Compared to other dust control 

measures this option was rated as having significant labor requirements. The total 

score for paving was 5 points. I I 

I 

I 

k6.5 CONCLUSIONS AND RECOMMENDATIONS 

The ranking of preventive measures by activity are shown in Table A.6-3. If, 

based on the proposed activity, contaminant concentrations in the work area are such 

that a Stage 2 area is declared, the Project Manager will select and justify the choice 

of preventive measures that will be applied, starting with the highest ranking option. 

The results indicate that area spraying with water should be employed when soil 

activity levels are above the threshold. Monitoring, in accordance with Appendix 7 
guidance, must be used to venfy the effectiveness of the treatment. If an adequate 

water supply is available, water alone should be as effective as a water-surfactant 

mixture. The use of chemical dust suppressants is only recommended for unpaved 

roads with dust produced by heavy traffic which cannot be controlled by watering. 

Descriptions of chemical dust suppressants are included in Table A.6-4. For the 

major excavations, if the source of emissions appears to be truck loading operations, 

watering with a spray curtain 'should also be considered. If monitoring results 

indicate that watering alone is insufficient, then some means of reducing the wind 

speed in the vicinity of the dust-producing activity should be considered for digging 

or drilling operations. Paving is an option in the case of unpaved roads. 

I 

I 
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Preventive Major Minor 
Measures Excavations Excavations 

(881 Hillside) (Test Pits) 

Area Spraying 7 7 
with Water 

TABLE A.6-3 
POINT RANKING AND APPLICATION OF PREVENTIVE MEASURES 

FOR VARIOUS ACTIVITIES UNDER STAGE 2 

Drilling 

7 

Not Rated Area Spraying 
with Water/ 
Surfactant 

Not Rated 6 

Chemical Dust 
Suppressants 

spray 
curtains 

Not Rated Not Rated Not Rated 

5 Not Rated Not Applicable 

Windscreens 

Containment 
Structure 

3 5 5 

4 4 Not Applicable 

11 paving 1 Not Applicable I Not Applicable I Not Applicable 
I 
I 
I 
I 

Unpaved 
Roads 

I 
I 

6 

6 

5 

Not 
Applicable 

Not 
Applicable 

Not 
Applicable 

5 

USE OF THIS TABLE (STAGE 2 AREAS ONLY) 

e Identify activity to be performed (or if unpaved roads are present in the work 
area). 

e Select highest ranking preventive measure (or jus- use of another measure). 

e If monitoring results indicate that the preventive measure is not satisfactory, 
cease work activities and apply the next method. 

e If none of the preventive measures reduce airborne contaminant 
concentrations to acceptable levels, study alternative methods not included in 
this plan. 
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TAB= A64 
DESCRIPTION OF CHEMICAL SUPPRESSANTS AND SURFACTANT3 

METEOD OF 
APPLKATION COMMENTS SUPPI4lEl.t - 

Revegetated hillsides 
and light traffic roads 
(1 to 3 years) 

PRODUCT TYPEICOMPOSWION 

Coherex Cobitco, Inc. 
Denver, CO 

Emulsified Petroleum 
Resin 

Water Truck Resins are dust-binding 
portion, wetting solutions as 
Carrying and penetrating 
agents. Used successfdly at 
Eagle Mine for dust control on 
tailings pile during periods of 
non-construction. 

Same product as Coherex 
- 

Dustrol360 Q'Brien Ind. 
Clevehd, OH 

Emulsified Petroelum 
Resin 

Water Truck Revegetated hillsides 
and light traffic roads 
(1 to 3 years) 

Revegetated hillsides 
and light traffic roads 
(1 year) 

Buckley Powder 
Englewood, CQ 

Hydrophillic Waterborne 
Copolymer Emulsion 

Water Truck or 
Hydroseeder 

Develops a "plastic- like" 
coating over the soil surface. 
Allows the exchange of air and 
moisture, tends to reduce 
moisture evaporation at soil 
surface and is resistent to 
freeze-thaw. 

Marloc 

Roaa-oyl 

Dus-Top 

Water Truck Light to heavy traffc 
roads 
(? years) 

Used for dust control on haul 
roads. Bonding strength 
comparable to normal asphalt 
products. Prevents water 
erosion from run-off. 

Soil Stabilization 
Products Co., Inc. 
Merced, CA 

High Bonding Emulsion 
derived from natural pine 
tar 

Water Truck 
with spray bar 
or pressurized 
distribution 
spreader 

Light to heavy traffic 
roads 
(1 year) 

Product absorbs moisture from 
air and holds it. Base material 
must have sufficient 3/,,n minus 
aggregates and fines to ensure 
binding. Road base required 
preparation for 3-inch deep 
product penetration. 
Compaction afterward also 
recommended. 

WRR Ind. 
Salt Lake City, UT 

Magnesium Chloride 
(salt) 





METHOD OF 
TYPE/COMPOSlTION AT?PUCA!I'ION EFFECTIVENESS 

TABLE A64 
DESCRIPTION OF CHEMICAL SUPPRESSANTS AND SURFACI'ANTS 

COMMENTS PRODUCl' SUPPLlER 

Soil Seal Latex Acrylic &Polymer 
Soil Stabilizer 

Soil Stabilization 
Products Co., Inc. 
Merced, CA 

Tripolycate base material 
formulation 

~ 

Soil Master 
WR 

Dustdown70 

Terra Tack 

Water Truck 

Earth Systems 
Internation, Inc. 
Colorado Springs, 
co 

RBI 
Denver, CO 

Water Truck 

Fumic Acid Material 

Revegetated hillsides 

(18 months or less) 
only 

Water Truck Revegetation hillsides Used at Rocky Mountain 

Water Truck Revegetated areas Used by Mission Viejo 
with spray bar 
or hydromulch 

and light traffic roads Arsenal 

Revegetated hillsides 
and light traffic roads 
(18 months or less) 

Forms a crust by cohesive 
binding of surface particles. To 
be used in areas with no 
traffic. Prevents soil erosion 
and does not effect vegetation. 

Forms a m t  by cohesive 
bmding of soil particles. Crust 
thickness varies between f to 4- 
inch. Not generally considered 
an economic method of dust 
control where there is traflic. 
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APPENDIX 7 

AIR MONITORING REQUIREMENTS 

1 
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k7.1 INTRODUCTION 

Air sampling and monitoring will be performed in both Stage 1 and Stage 2 

work areas. Stage 1 refers to cases where the concentrations of hazardous substances 

(chemical or radiological) in an operable unit (OU) have been determined to be less 

than the soil threshold levels listed in Appendix 5 of the PPCD. Stage 2 refers to 

those cases where concentrations exceed the soil threshold levels. 

I Air monitoring procedures in the vicinity of a work site within an OU will be 
implemented to provide, assurance that off-site exposure concentrations are kept 

I 1 
I 

within the limits imposed by the risk analysis (Appendix 4). Both real-time and, for 

Stage 2 areas, cumulative (integrating) concentrations of contaminants in air will bel 

measured. Appropriate sampling and monitoring instruments will be selected I 

depending on the types of contaminants that are present or suspecteh to be present 

at the site. 

I 

I 

I 

The instruments used for the purpose jof monitoring off-site concentrations 

may be the same as those used to monitor worker exposures. - Concentrations of 

contaminants will be highest near the work site and decrease with distance. 

Therefore, these instruments will be most effective when placed as close as possible 

to the work site. The measured on-site concentrations will be scaled to the 

anticipated off-site concentrations by using a dispersion factor which takes into 

account the distance to the RFP boundary. This will provide assurance that the 

public, as well as the workers, are being protected. 

I 

i ' I  
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A72 RESPONSIBILITIES 

The following persons will be responsible for ensuring that the air monitoring 
program is implemented in accordance with the requirements presented in this 
appendix. 

The Project Manager (PM) will determine whether the site is subject to 
Stage 1 requirements or the more stringent Stage 2 requirements. This decision will 

be made on the basis of measured or suspected soil contaminant levels relative to the 

respective soil threshold levels (Appendix 5). The PM will also select the dust 
suppression measures required to minimize the generation of dust from intrusive 
activities (Stage 1 - Appendix 8 or Stage 2 - Appendix 6). The PM will measure 
soil moisture levels and determine whether wetting is necessary. Based on the 

prevailing wind direction, the PM will select the appropriate downwind location from 
the work site for the air sampling and monitoring equipment. In addition, the PM 
will monitor the instruments used to measure concentrations of airborne 
contaminants. The PM has the authority to stop work if any action levels or alarm 

settings are exceeded. The PM is also responsible for reporting the monitoring 
results and ensuring that the instruments are operable and diirated. Once air 

monitoring samples have been analyzed and reduced, they will be reported 
immediately to the PM. The PM is responsible for the interpretation of the air 

monitoring and sampling data obtained during the work. On the basis of these data, 
the PM will implement any additional dust suppression measures deemed necessary. 
The PM will also determine and resolve the cause of any measurements of airborne 
contaminant concentrations above action levels. 

! 
The Health and Safety Coordinator (HSC) will select the appropriate air 

sampling and monitoring equipment to be used at each site and determine the 

appropriate action levels or alarm settings requiring cessation of work activities. The 

I 
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HSC also ensures that radiological and industrial hygiene measurements are taken 
in accordance with established procedures. The HSC is assigned to the site by the 
Industrial Hygiene Manager and reports to the Project Manager. 

The Air Programs Representative (APR) will set up the anemometer and 
report wind conditions to the workers' supervisor, the HSC, and the PM as specified 

in the work procedures. 

A73 SELECTION OF AIR MONITORING AND SAMPLING EQUIPMENT 

Applicability of monitoring and sampling equipment will be determined in part 

by the confirmed or suspected chemical and/or radiological contaminant(s) in the soil. 

The following equipment will be used to implement the air monitoring program: 

0 Anemometers to measure wind speed and direction 

0 Instruments to measure soil moisture 

0 Real-time contaminant monitors 

0 High-volume air samplers 

Anemometers will be capable of measuring the average wind speed and 
direction over 15 minute intervals. 'If not so equipped, the PM will take frequent 

readings and compute the 15 minute averages manually. 

Soil moisture instruments will be capable of measuring moisture levels at or 

below the soil moisture threshold (as practicable) for the work activity. 

Real-time contaminant monitors will provide assurance that airborne 
contaminants do not exceed predetermined concentration levels over short periods 
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(Le., 15 minute averages). They will be under the observation of a field technician. 

Work will be suspended by the PM if the technician observes a reading above the 
predetermined limit. These monitors may be capable of measuring contaminant 

concentrations directly, but will most likely be capable only of indirectly measuring 
the concentrations (Le, dust concentrations or organic vapor concentrations). 

High-volume air samplers (hi-Vols) are integrating devices that will provide 

long-term average concentrations for Stage 2 work areas. ' Hi-Vols, in conjunction 
with appropriate analytical protocols can be used to iden* and quantify specific 
contaminants. Real-time TSP medurements will 6e the primw means of evaluating 
mitigative measures effectiveness. Sample analysis results will be used to confirm that 

contaminant concentrations were maintained below thk predetermined limits for the 
duration of the work activities. The required sampling frequency and analysis 
turnaround time will be determined by the1 PM, based on the soil contamination 
levels and instrument sensitivity. 

I 

I I 
I I 

I 

I 

I 

The following is a list of monitoring and sampling equipment that may be 

selected and each instrument's applicabfiIty. 

Monitoring EauiPment: 

The TSI Piezobalance, Model 3500, is used to monitor respirable aerosols. 
The Piezobalance measures the mass concentration of aerosols in the 0.01 to 10 

micrometer range. It requires two minutes for a measurement and displays the 
reading directly in milligrams per cubic meter (mg/m3). The Piezobalance (or 

equivalent) will be used extensively to provide real-timei monitoring of ,total 

suspended particulate (TSP). 

I 
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A vacuum pump draws aerosol into the instrument at a rate of one liter per 

minute (Umin). Particles greater than 3.5 micrometers pass through an impactor to 

a precipitator. The smaller particles are then charged and deposited on a sensor - 
a quartz crystal that oscillates at its natural frequency. The oscillating frequency of 

the sensor decreases by an amount that is proportional to the mass of particles 

deposited. The frequency change is detected periodically by a counter and the 

reading is displayed. After measurement is completed, the frequency change is 

converted to units of concentration, mg/m3, and displayed. . 

. 

High-Volume Samplers: 

Total suspended particulates in sizes up to 50 micrometers (pm) can be 

measured using high volume samplers. The high volume sampler draws ambient air 
into a covered housing and through a filter, and the total suspended particulates 

collect on the filter surface. The mass is computed by measuring both the mass of 

the TSP collected and the volume of air sampled. 

Model 217 - Laser Particle Counter: 

The particle counter measures two particle sizes simultaneously on two 

different channels. The range of particle size is 0.25 to 5.0 microns. Airborne 

particles are detected using a solid-state laser diode source and collection optics. 

Particles deflect light energy from the solid-state laser diode onto the collection 

optics. The collection optics focus the light on a photodiode that converts the bursts 

of light into electrical impulses. The pulse height is proportional to particle size. An 

audible alarm can be set to occur when the count exceeds a given limit. A printout 

shows the two selected particle sizes, the count for each size, count alarm limit, 

temperature, and relative humidity. 

. 

I 
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MINIRAMS: 

The Miniature Real-Time Aerosol Monitor (MINIRAM) Model PDM-3 is a 
personal-size airborne particulate monitor. It uses a pulsed GaAMs light-emitting 

source. The radiation scattered by airborne particles is sensed by a silicon- 
photovoltaic detector. An optical interference-type filter screens out any light with 
a different wavelength than that of the pulsed source. 

The MINIRAM measures the concentration of solid and liquid airborne 
particles from 0.1 to 10 micrometers in size. The concentration of aerosols is 

measured in units of milligrams per cubic meter (mg/cm3). 

The instrument is powered by a set of rechargeable Ni-Cd batteries that can 

provide continuous monitoring operation for over 8.5 hours, and it can retain stored 
information for approximately six months. An alarm system warns the user when the 

pre-set threshold concentration level has been exceeded. 

The MINIRAM, which measures TSP in real-time, will be used (along with the 
Piembalance) as a primary means of evaluating mitigative measures effectiveness. 

HNU Trace Gas Analvzer 

The HNU Trace Gas Analyzer is a portable photoionization detector that is 
used to measure the atmospheric concentration of trace gases. Molecules of gas 
absorb photons emitted,by the instrument’s ultraviolet (UV) light source and release 
electrons. The electrons travel to a collector electrode and create an electrical 
current which is measured and displayed as the corresponding concentration of gas 
in parts per million (ppm). The instrument’s range of detection is 0.1 to 2000 ppm. 
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An audible alarm can be attached to the instrument to give an 85 decibel 

signal when a pre-set concentration is exceeded. A recorder can also be attached to 

the readout assembly to provide a hard copy of the data. 

Photovac Miamtip Hand Held Air Monitor 

The Microtip measures the concentr-tion of airbornL ionizable gases in the 

range of 0.1 to 2000 ppm isobutylene equivalent. The sample inlet carries a gas 

stream to the ultraviolet light source. Photons generated by the U V  source 

ionize specific molecules in the gas stream. The ionized molecules move to the 

collector electrode and generate a current proportional to the concentration of the 

gas. The instrument is equipped with an alarm which signals when the pre-set value 

is exceeded. 

A.7.4 LOCATION OF AIR SAMPLING AND MONITORING EQUIPMENT 

Monitoring instruments will be placed as close as possible to the work area 

(about 5 - 10 meters) without interfering with the work activities. The selected 

location must be far enough so as to not be in the wake of buildings or machinery. 

Instrument can be placed closest for activities such as driUing which do not involve 

frequent movement of machinery. It is recommended that instruments be placed as 
far as 10 meters away when the activities involve excavation and vehicular traffic. If 

the wind direction appears to change substantially, or if the work location moves, the 

instrument(s) will be repositioned accordingly. Since the exclusion zone for work in 

a contaminated area typically extends 30 feet from the work site, an appropriate 

downwind location will be inside, or along, the exclusion zone boundary. 

Downwind real-time monitors and air samplers will be co-located to the extent 

possible. This will permit the PM to inspect several instruments simultaneously. 
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A.7.5 SELECTION OF ALARM SE'ITINGS OR ACTION LEVELS 

Alarm settings or action levels will be established for soil moisture, wind 

speed, and airborne contaminant concentrations. 

A.7.5.1 Soil Moisture 

Soil moisture will be maintained above a minimum value as determined by the 
PM. Typically, this minimum will range from about 10 to 15 percent, depending on 
the soil type, vegetation, and any dust suppression measures that may have been 
implemented. 

A.7.5.2 Windspeed 

Limits on average wind speed will be determined by the PM based on the type 
of dust-generating activities to be performed at the work site. Typically this limit will 

be set at 35 mph for drilling and small-scale excavation activities and 15 mph for 

other activities. . 

A.7.53 Airborne Contaminant Concentrations - Off-Site Exposures 

Measuring concentrations of contaminants emitted from Stage 1. or 2 work 
areas directly at the RFP boundary is not practical. This is due mostly to the 
atmospheric dispersion that significantly reduces 'airborne concentrations from the 

point of origin. Consequently, air monitoring to evaluate the mitigative measures 

effectiveness will be implemented near the emission source. This requires 

establishing an action level concentration that can be measured near the emission 

source which is related to an acceptable concentration at the site boundary. 
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To estimate the concentration at the site boundary, a dispersion factor was 
derived for each ofthe four areas (OU3, A, B, C). These factors are listed in Table 
A.7-1 and account for the dilution that occurs from the work area (10 meters from 

the source) to the site boundary based on the prevailing atmospheric stability (Class 

D). 

Table A.7-2 lists the limiting site boundary concentrations for the principal 

contaminants. These concentrations, derived from Appendix 5, represent the 
airborne levels associated with each compound's 1 x lo4 lifetime excess cancer risk 
or 10% of the exposure dose/reference dose quotient. These concentrations limits 
are independent of the type of activity or area in which the activity is conducted. To 

obtain the equivalent on-site concentration (Le., 10 meters away from the work area), 
these concentrations must be multiplied by the appropriate dispersion factor. In 
addition, if the instrument measures the contaminant carrier, a scaling factor must be 
applied. I€ dust is the contaminant carrier, this is accomplished by dividing the 
maximum on-site concentration of contaminant in air by the concentration of the 
contaminant in soil to obtain the limiting concentration of dust in air. This is 

repeated for each contaminant present in the soil. The action level is then set to the 
limiting (lowest) concentration of dust obtained by the above method. 

When occupational limits for the contaminant exist, the action levels as 
calculated in the next section will usually be more restrictive than those calculated 
based on off-site protection criteria. This is due to the significant atmospheric 
dispersion factor (three to four orders of magnitude) that occurs between the work 
site and the site boundary. However, there are some contaminants for which no 
occupational limits have been established. In such cases, the off-site concentration 
limits will be the only applicable criteria in setting the action levels. 
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Dispersion Factors Used in Calculating Off-Site Action Levels 

* For Zone A, B, and C, this conservatively assumed to be the RFP site 
boundary. 

* Factor by which airborne contaminant concentration decreases: work area (10 
meters from' source) to RFP boundary. 
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Table A.7-2 

SITE BOUNDARY LIMITING CONCENIRATIONS 
EPA Ttreshold Lewls I L. E. C .R I HI - I Threshold Conc. I Threshold Conc. 

Radlonudldes 
Uanlum 233 8 234 
Uanlum 235 
Uranium 238 

Plutonium 239 & 240 
Trltium (gas)* 
Strontium 89 
Stmntlum 90 
Cesium 137 
Radium 226 
Radium 228 
Non-Radionuclldes 
Arsenic 
Barium 
Berylllum I 
Cadmlum 
Chmmlum 111 
Chromium VI 
Manganese 

Hexachlcrccyclohemw (alph) 
Hexachlorooyclohexane (beta) 

AITIKlClUm 241 

Mercury 

Heptachla 
Heptachlor Epoxide 
Aldrln 
Dieldrin 
DDT 
Chlordane (alpha, gamma) 
Toxaphene 
VOCs 6 Semi-VOCs I Chlaofotm 
1,1,1 -Trichloroethane 
Carbon Tetrachlmlde 
Benzene 
Toluene 
Dichlaomethane 
Xylenes 
MEK 
1,2-DIchlaoethane 
Bromornethane 
Carbon Diqulfide 
1 , l  -Dlchlaoethene 
1,l -Dichloroethane 
Vlnyl Acetate 
1,3- Dichloroprope ne 
1 ,l ,2-Trlchlwethane 
Bromoform 
Tmchlaoethene 
Chlombenzene 
Ethylbenzene 
Styrene 
Vlr;ryt C hlorlde 
1,P-Dlchlaoethane 
1,2-Dichlaopmpane 
1,1,2,2-Tetrachiaoethane 
2-Chlaoethyl Ether 
1,4-Dichlaobsmene 
1 ,2-Dichlmabenzene 
Nitrobenzene 
Hexachloroethane 
1,2,4-TrlchIaobemene 
Hexachlorobutadie ne 
Hexachluocyclopentadlene 
2,4,6 -Trichiorophenol 
I Hexachlorobemene 

pCl/m3 
4.2E-03 
4.6E-03 
4.8E-03 
2.9E-03 
2.8E-03 

3.9E-1 
2.OE+00 
2.3E +00 
3.8E-02 
1 BE-01 

4.1 E-06 

2.4E-05 
3.3E-05 

5.OE-05 

1.5E +03 

ma/m3 

3.2E-05 
1.1 E-04 
4.5E-05 
2.2E-05 
1.2E-05 
1.3E-04 
6.OE-04 
1.6E-04 
1.9E-04 

2.5E-03 

1.6E-03 
6.8E-03 

1 .OE-0 1 

mdm9 

2.2E-03 

1.7E-04 

1.6E-03 
3.6E-03 
5.2E-02 
1.1 E-01 

1 .OE-01 
7.OE-03 
2.2E-03 
1.6E-03 
1 .OE-03 
1.9E-04 

1.5E-02 

2.6E-03 

1.9E-02 

mdm3 

1.5E-03 

8.3E-06 
8.3E-06 
1.7E-04 
1.3E-04 

mdm3 

4.4E +OO 

8.8E-01 

1.3E-01 
1.3E +OO 

2.9E-02 
4.4E-03 

1.5E +OO 
8.8E-02 
8.8E-03 

1.3E +OO 

7.3E-02 
4.4E-01 

2.9E-01 
5.8E-01 
8.8E-03 

4.4E-02 

2.9E-04 

1.3E-041 



. 
IE 
1 
u 
t 
I 
C 

An example derivation of an action level based on off-site concentration limits 

is given in Section 7.7 along with a comparison to the worker protection action level 

derived for the same contaminant. ‘ 

A.7.5.4 Airborne Contaminant Concentrations - Occupational Exposures 

Occupational exposure control is governed by the individual site specific health 

and safety plan. Details regarding the establishment of action levels and monitoring 
programs are detailed therein. The following discussion is provided to familiarize the 

reader with the method used at IUT for monitoring worker exposure to hazardous 
waste site contaminants. In general, to protect the workers, alarm settings or action 

levels will be calculated based on occupational concentration limits (DAG, TLV- 
TWAs, PEL, etc.). Concentration measurements are normally taken in the worker’s 
breathing zone. 

As mentioned above, the alarm settings and/or action levels for airborne 

emissions normally will be calculated at 10 percent of the occupational concentration 
limits when the instrument measures the contaminant directly. If the instrument 

measures a contaminant d e r  (e.g., dust), the alarm will be set at a concentration 

equal to the ratio of the contaminant’s limit in air (10% of DAC, PEL, TLV, etc.) to 

the measured or estimated concentration of the contaminant in soil. 

If measured concentrations are between 10 and 100% of the DAC or TLV, 
appropriate respiratory equipment will be used or other measures taken to reduce 
worker exposures. Any concentrations measured above the occupational limits will 

result in a suspension of work activities and the application of mitigative measures. 

Details of the worker protection program will be contained in the site-specific health 

and safety plan. 
I I 
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PU-239 

AM-241 

U-238 

u-235 

U-234 

CS-137 

H-3 

The derived air concentrations are listed in Table k7-3. Local Air Monitoring 

Trigger Levels for plutonium are listed in Appendix 8 (Attachment Two, Table 1.0). 

Occupational limits for non-radionuclides can be obtained from a current ACGIH 

TLV Book or the list of OSHA PEb.  

2 E-12 pCi/ml 

2 E-12 pCi/ml 

2 E-11 pci/ml 

2 E-11 pCi/ml 

2 E-11 pCi/ml 

7E-8 pCi/ml 

2 E-5 LLW 

TABLE A73 

Derived Air Concentrations 

Note: The values for derived air concentrations PAC) are based on either a stochastic dose limit 
of 5 rem or a nonstochastic dose limit of 50 rem per year, whichever is more limiting (DOE Order 
5480.11) 

A.7.6 WORK START/STOP CRITERIA 

Work will not start  or will be temporarily halted under any of the following 

circumstances: 

0 Soil moisture levels below the practicable threshold; 

0 Average wind speeds in excess of the threshold for two consecutive 15- 
minute periods; 

0 Real-time monitor alarm or readings above the occupational or off-site 
action level; or 
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0 Air sample analysis showing concentration above the action level. 

Under normal operating conditions (Le., above the soil moisture threshold and 
below the wind speed threshold), no additional dust suppression methods should be 
required for Stage 1. Monitoring will be conducted to ensure compliance with 
occupational standards and to confirm that predicted rates are not exceeded. Since 
the 10x11 action levels are based on a back-calculation of dispersion to the site 

boundary, they are independent- of the predicted emission rates. Airborne 
concentrations in excess of action levels or alarm settings will result in the suspension 
of activities until the cause is determined. This may require: a) repair of the monitor 
or sampler if found to be defective; b) changing the alarm settings and/or action 
levels if found to be miscalculated or too conservative; c) re-evaluating the 
dispersion/emission model; and/or d) re-analysis of the contaminant concentrations 
in soil. The conclusions obtained from such an assessment may require that the area 
be reclassified as a Stage 2 work area. 

Stage 2 dust suppression measures (in addition to soil moisture and wind 

speed controls) will be taken prior to the start of operations to reduce the probability 
of exceeding the action levels. However, airborne contaminant concentrations in 

Stage 2 areas could increase above the action levels. Should monitors alarm and/or 
action levels be exceeded, additional dust suppression measures will be applied in 

accordance with the guidance presented in Appendix 6. 

Work will start when the following conditions, where applicable, have been 

met: 

e Minimum practicable soil moisture criterion is achieved; 

0 Average wind speeds are below the threshold for two consecutive 15- 
minute periods; and 
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0 The cause for the monitor alarm or instrument readings above the 
action level has been determined and resolved. 

117.7 EXAMPLE ACI'ION LEVEL CALCULATION 

The following example is included to indicate how air monitoring action levels 
will be derived. This example assumes the drilling will occur in Zone A and that the 

principal contaminants are Pu-239 (1000 pWg) and beryllium (0.5 mg/g). 

Based on the zone, activity, and contaminant concentrations, the PM would 
declare this a Stage 1 area since the soil threshold levels for drilling in Zone A are 

28,000 pCi/g h-239 and 244 mg/g beryllium (see Appendix 5 for soil threshold 
levels). 

The off-site action levels are calculated as follows. From Table A.7-1, the 

dispersion factor for work conducted in Zone A is 12,000. The off-site concentrations 
limits for Pu-239 and beryllium, obtained from Table A.7-2, are 2.8E-03 pCi/m3 and 
2.4E-05 mg/m3, respectively. Note that these concentrations are two to three orders 
of magnitude lower than the comparable occupational limits. To obtain the 
equivalent on-site concentration limits (prior to dilution from work-site to the RFP 
boundary), the off-site limits are multiplied by the dispersion factor for Zone A. This 

results in concentration limits of 34 pCi/m3 and 0.29 mg/m3 for Pu-239 and beryllium, 

respectively, at 10 meters or less from the work site. 

In this example, the off-site public is protected by an additional margin of 
safety when occupational limits are applied to the contaminants. To further expand 
on this point, the equivalent dust concentration action levels based on off-site 

concentration limits are 34 mg/m3 (based on 1000 pWg Pu-239 in soil) and 580 

mg/m3 (based on 0.5 mg/g of beryllium in soil). The occupational (shut-down) action 
level of 2 mg/m3 (10 times the concentration listed in Table 1.0 of Attachment Two 
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to Appendix 8) is 17 times lower than the 34 mg/m3 off-site action level. This 

example is illustrated in Figure 7-1. 

~ 7 . 8  SUMMARY AND ACIION'CHECKLIST 

The following checklist is intended to summarize the requirements of the air 

sampling and monitoring plan to be applied to each work site. Note that these steps 

are to supplement the worker protection measures in the site-specific Health and 

Safety Plan. 

Determine the type of dust generating activities that will occur at the 
work site. 

Determine the area of the plant (OU3, A, B, or C, as defined in the 
PPCD) in which the activities will occur. 

Obtain measured (or estimate) concentrations of contaminants in the 
soil. 

Compare these concentrations to the most limiting soil threshold levels 
for the activity and plant area (listed in Appendix 5). 

If contaminant concentrations are below the soil threshold level, 
declare a Stage 1 work area; no additional dust suppression measures 
beyond maintaining minimum soil moisture levels will be required. 

If contaminant concentrations are above the soil threshold level, 
declare a Stage 2 work area; decide which dust suppression measures 
will be most effective based on location of work area and amount of 
contamination. 

Based on the contaminants present in the soil, select the monitoring 
and sampling equipment to measure airborne concentrations. For 
Stage 2 work areas, Hi-Vols are required. Determine the required 
sampling frequency and analysis turnaround times. 
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10 meters I 1.6 km 

DRILL RIG WORKER WITH SITE BOUNDARY PUBLIC 
AIR MONITOR 

U 
CONTAMINATED SOIL OFFSITE ACTION LEVEL: 

OCCUPATIONAL ACTION LEVELS: 

0.2 mg/m3-- USE RESPIRATORS 
2.0 mg/m3-- CEASE ACTIVITIES 

CONSIDER ALTERNATIVES 

NOTE: soa treshold for drilling in zone A 
is 28,000 KUg, therefore, this 
is a stage 1 activii 

ATMOSPHERIC DISPERSION 
FACTOR 

12,000 X 

1 Os LECR CONCENTRATION 
UMIT 

2.8 x lo5 pCVm3 
OR 

2 . 8 ~ 1 0 ~  mg+n3 
CONTAMINATED DUST 

(9 1000 wig 

FIGURE 7.1 
EXAMPLE OF ACTION LEVEL 

CALCULATION FOR AIR MONITORING 



'E 
E 

e 

e 

e 

e 

e 

e 

e 

0 

0 

e 

0 

e 

e 

Based on the contaminant concentrations in soil and/or the airborne 
concentration limits (both occupational and off-site) and the instrument 
capabilities, set instrument alarm levels and determine action levels. 

Establish minimum soil moisture and maximum wind speed criteria. 

Venfy that all monitoring and sampling instruments, including 
anemometer and soil moisture probes, are operable and calibrated. 

Measure soil moisture levels and, if necessary, wet the work area until 
the minimum soil moisture levels have been achieved. 

For work in a Stage 2 area, apply the selected dust suppression 
measures. 

Determine the prevailing wind direction and place the anemometer 
and the air monitoring and sampling equipment downwind and within 
10 meters of the work area. 

Power the instruments and verify their proper operation. 

Begin work activities. 

Monitor the instruments periodically to ensure that all parameters are 
within established action levels. 

If the prevailing wind direction changes to the extent that the 
instruments are no longer downwind of the work site, or if the work 
site moves, relocate the instruments accordingly. 

Temporarily cease activities if average wind speeds exceed pre- 
established. limits; resume activities when winds abate. 

Cease work activities if any of the concentration measurements exceed 
the action levels or alarm settings; analyze air sampling media; 
determine and resolve the cause of the excursion; and resume 
activities. 

Evaluate and report the results of routine air sampling analyses 
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k7.9 REFERENCES 

DOE Order 5480.11 December 21, 1988. Radiation Protection for Occupational 
Workers. 
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ATTACHMENT 7-1 

AIR MONITORING CHECKLIST 

The following checklist provides procedural guidance on implementing the air 
sampling and monitoring plan in the PPCD. Note that these steps are to supplement 
the worker protection measures in the site-specific Health and Safety Plan. 

0 List the type of dust generating activities that will occur at the work site (as 
defined in the PPCD). 

Activity 1: 

Activity 2: 

Activity 3: 

Activity 4: 

0 Enter the area of the plant (A, B, or C, or OU3 as defined in the PPCD) in 
which the activities will occur. 

Area: 

0 Obtain measured (or conservatively estimate) concentrations of contaminants 
in the soil. Reference laboratory log number or write "Estimated". 

Contaminant Concentration (units. Source 
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0 Compare the concentrations entered above to the soil threshold levels (STL) 
for the activity and plant area (PPCD, Appendix 5).  

Concentration in Soil 
Con taminan t MeasuredEstimated 

0 Are soil concentrations of all contaminants below the STLs? 

S T L  

2 DRAFT 
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Circle answer: YES NO 

If answer is YES declare a Stage 1 work area (see Appendix 8 of PPCD for 
guidance). No additional dust suppression measures beyond maintaining 
minimum soil moisture levels will be required. Skip to the next step. 

If answer is NO declare a Stage 2 work area. List dust suppression measures 
which will be most effective and/or implementable based on location of work 
area, activity to be performed and amount of contamination. Determine 
required air sampling frequency and analysis turnaround time. Justify your 
choice (see Appendix 6 of PPCD for dust suppression choices). 

Dust suppression measure: 

Justification: 

Sampling frequency: 

Analysis turnaround time: 

Justification: 



I 

0 Based on the contaminants present in the soil, circle the monitoring and 
sampling equipment that will be used to measure airborne concentrations 
(refer to Appendix 7). Venfy that all instruments, including anemometer and 
soil moisture probes, are operable and calibrated. 

Instrument 
I 

0 

Anemometer 
Piezobalance 

RadeCo High 
Volume Sampler 

Moisture Probe 

HNU OVA 

Miniram 

Other: 

Based on the contaminant concentrations in soil and/or the ahborne 
concentration limits and the instrument capabilities, set instrument alarm 
levels (if equipped) or determine action levels, both for occupational and off- 
site shutdown criteria (see Section 7.7, Appendix 7 of PPCD for an example). 
If contaminant is measured directly, enter action level for the contaminant. 
If measured indirectly, also enter actiodalarm level for the contaminant 
carrier (e.g., maximum allowable dust concentration). This will be the ratio 
of action level to contaminant concentration in soil. If the instrument 
measures more than one contaminant, enter most restrictive action level. 

Measured Contaminant Carrier Action Level 
Instrument Parameter Action Level (if amlicable) 

3 
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0 From above list, circle the lowest action level if an instrument is used to 
monitor more than one contaminant or if both occupational and off-site 
concentration limits apply. Circle the category listed below which forms the 
basis for the action level: 

OCCUPATIONAL LIMIT OFF-SITE CONCENTRATION LIMIT 

0 Establish &mum soil moisture and maximum wind speed criteria. 

Minimum soil moisture: % 

Maximum wind speed: mPh 

0 Measure soil moisture level and, if necessary, wet the work area until the 
minimum moisture level has been achieved. 

Soil moisture: % 

Wettingneeded? YES NO 

If YES, spray work area with water and repeat measurement. This activity 
should be conducted under the supervision of the project manager. 

Final soil moisture: % 

0 For work in a Stage 2 area, apply the selected dust suppression measures. 

0 Determine the prevailing wind direction and place the anemometer and the 
air monitoring and sampling equipment downwind and within 10 meters of the 
work area. 
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Wind blowing from: 

Wind speed: mPh 

Distance of instruments from work area: m 

Power the instruments and verify their proper operation. 

Begin work activities. Monitor the instrumens periodically to ensure that all 
parameters are within established action levels. 

I 

I 
I 

If the prevailing wind direction changes to the extent that'the instruments are 
1 no longer downwind of the work site, or if the work site moves, relocate the 

instruments accordingly. 1 

Temporarily cease activities if average wind speeds exceed pre-established 
limits during two consecutive 15-minute intervals; resume activities when winds 
abate below limit for two consecutive.15-minute intervals. 

l i  
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I o If any of the concentration measurements exceed the action levels or alarm 
settings : 

i 

o 

CEASE ALL WORK ACTIVITIES 

Analyze air sampling media 

Determine and resolve the cause 

After cause has been determined and resolved, obtain approval to 
resume activities 

Document the occurrence, cause and resolution 

Evaluate and report the results of routine air sampling analyses. 
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APPENDIX 8 

INTERIM PLAN FOR PREVENTION 
OF CONTAMINANT DISPERSION 
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INTERIM-PLAN FOR PREVENTION OF 
CONTAMINANT DISPERSION 

1) OBJECTIVE 

The objective of this Interim-Plan for Prevention of 
Contaminant Dispersion (IPPCD) is to establish procedural 
requirements to mitigate potential hazards, on an interim 
basis, to persons located offsite as a result of contact 
with emissions resulting from intrusive remedial 
investigation activities. 

2) SCOPE 

Procedural requirements identified herein are applicable to 
certain intrusive actions taken at the 16 Operable Units 
( U O s )  as part of the RFI/RI and IRA activities described in 
the Inter-Agency Agreement (IAG). Intrusive activities 
which fall within the scope of this IPPCD are those with the 
potential for producing appreciable quantities of suspended 
particulates (AQSP), primarily through mechanical actions. 
Intrusive activiti,es potentially susceptible to producing 
AQSP include: 

o Monitoring well and soil/rock borehole installation. 

o Excavations such as trenching or test-pitting using 
powered equipment. 

Additionally, heavy vehicular traffic associated intrusive, 
RFI/RI activities shall be considered as susceptible to 
producing AQSP. By contrast, activities such as surface 
soil sampling with hand implements are not considered as 
susceptible to producing AQSP. Attachment One identifies 
activities for which Standard Operating Procedures (SOPS) 
exist that will likely require application of the 
requirements identified herein. Special consideration shall 
be given to Interim Remedial Action (IRA) construction- 
related activities that could require handling large 
quantities of soil. 

Procedural requirements identified herein must be evaluated 
on a case-by-case basis to determine their potential impact 
on other IAG objectives. For example, it is possible that 
applying certain dispersion techniques, such as wetting, 
could compromise sample integrity and limit the usefulness 
of the data for which the sampling was intended. 

I ' I  
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The requirements identified in the IPPCD shall remain in 
effect until the final PPCD is approved or until 
modifications are approved and documented in the Site- 
Specific Health and Safety Plan (SSH&SP). 

3) RESPONSIBILITY 

The EG&G RFI/RI Project Manager (PM) shall be responsible 
for assuring that activities conducted at his/her OU are 
performed in accordance with the requirements identified 
herein, as well as other relevant procedures including the 
Environmental Monitoring and Assessment Division Standard 
Operating Procedures (i.e., the SOPs). 

The Remediation Programs Division (RPD) Manager will be 
responsible for follow-up and auditing of the PM. 

0 

4 ) PROCEDURAL REQUIREMENTS 

A pre-startup activity review to evaluate the potential for 
intrusive actions producing emissions of AQSP containing 
hazardous substances shall be conducted by the PM and the 
Activity Field Supervisor. 
performed by a subcontractor, the subcontractor's Activity 
Field Supervisor shall participate in the review. 

If the activity is being 

The pre-startup activity review involving intrusive 
activities where there is significant potential for 
producing AQSP containing hazardous substances shall be 
documented by completion of a Radiolodcal/H&S Work Permit 
(HSP 6.05) and an Excavation Permit (HSP 6.01). HSP's 6.05 
and 6.01 are attached. 

If the review establishes that there is significant 
potential for producing AQSP containing hazardous 
substances, the requirements identified below, as well as 
relevant SOPs, shall govern the activity. 

4.1) SPECIFIC REQUIREMENTS 

Activities where there is significant potential for 
producing AQSP containing hazardous substances shall not be 
conducted when the following conditions exist: 

o Sustained wind speeds above 15 miles per hour (mph) 
as measured by a site-located anemometer in the case 
of construction-related excavation, earth moving or 
other dust generating operations. Sustained winds . 
above 15 rnph exist when the 15-minute average wind 
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speed exceeds 15 mph for two consecutive 15-minute 
periods. 

o Sustained wind speeds above 35 miles per hour (mph) 
as measured by an anemometer located in the 
construction yard at the 881 Hillside in the case of 
drilling and related investigative activities. 

When visible particulate matter emissions are 
observed originating from the intrusive activity. 

Soils moisture 'content .less that 15 percent (to the 
extent practicable) on roadways adjacent to the 
activity area as measured with a Soiltest "Speedy 
Moisture Tester" or equivalent instrument. Soils 
can be wetted to increase the moisture content to 15 
percent if necessary. 

o 

o 

o When Total Suspended Particulate (TSP) 
concentrations measured in the vicinity of the 
activity exceed the site-specific trigger levels. 
Site-specific trigger levels are developed for key 
occupational contaminants of concern in each Site- 
Specific Health and'Safety Plan. 
Figure 1 prgvent typical site-specific trigger 
levels for Plutonium. 

,Table 1 and 

4 . 2 )  ADDITIONAL REQUIREMENTS 

o In the special case of excavations, the top 6" of 
soil will be moved (i.e., scraped) and placed in a 
low pile and covered with a tarp or other suitable 
covering to prevent resuspension of particulate. 

containing potentially hazardous substances such as 
temporary piles from excavations, actions to prevent 
the emission of visible particulate matter will be 
applied as necessary. Such actions may include, but 
are not limited to, the application of dust 
suppressants and/or use of covers. 

The potential for spreading contamination will be prevented 
through conscientious decontamination, material handling and 
monitoring practices. 
identified as follows: 

o In the case of construction-related materials 

SOPS for these practices are 

o SOP 1.3; General Equipment Decontamination 

o SOP 1.4; Heavy Equipment Decontamination 

I .  
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o SOP 1.5; Handling of Purge and Development Water 

o SOP 1.7; Handling of Decontamination Water and Wash 
Water 

o SOP 1.8; Handling of Drilling Fluids and Cuttings 

o SOP 1.9; Handling of Residual Samples 

o SOP 1.10; Receiving, Labeling and Handling of Waste 
Containers 

o SOP 1.12; Decontamination Facility Operations 

o SOP 1.13; Containerization, Preserving, Handling, 
and Shipping of Soil and Water Samples 

o SOP 1.15; Use of Photoionizing and Flame Ionizing 
Detectors 

o SOP 1.16; Field Radiological Measurements 

4.3) AIR QUALITY MONITORING REQUIREMENTS 

Air quality monitoring requirements for activities where 
there is a significant potential for producing appreciable 
quantities of suspended particulate include the following: 

o Site perimeter and community Radiological Ambient 
Air Monitoring Program (RAAMP) . 

o Local monitoring of Total Suspended Particulate 
(TSP) at individual activity worksites shall be 
conducted using a TSI "Piezoba1ancetL Model 3500 
Aerosol Mass Monitor, real-time instrument (or 
equivalent). Local TSP measurements, in conjunction 
with site-specific trigger'levels, will be used to 
guide the PMIs evaluation of the potential hazards 
associated with activity related emissions. 

o 

. construction, local TSP monitoring may be augmented 

In the special case of earth-moving activities 
related to Interim Remedial Action (IRA) 

with local high volume (Hi-Vol) air sampling. The 
determination to use Hi-Vol air sampling as well 
pertinent analysis, sampling duration, and quality 
control requirements, will be made at the pre- 
startup activity review. 

4 
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o Additional worker health and safety monitoring as 
required by the Site-Specific Health and Safety 
Plan. 

Attachment Two provides additional information on these air 
monitoring requirements and identifies responsibilities for 
their implementation under the IPPCD. 

Additional requirements that govern activities where there 
is a significant potential for producing appreciable 
quantities of suspended particulate include the following: 

o Excavated soils that are not promptly backfilled 
shall be covered with a tarp or similar cover to 
prevent resuspension of particulate. 

practicable. 
o Vehicular traffic will be minimized to the extent 

o Vehicular traffic shall not exceed 5 mph. 

o Roadways will be watered as necessary. . 

Restarting intrusive activities is the responsibility of the 
PM. Restart will be allowed when the condition that 
prompted cessation of intrusive activities has been 
alleviated. For example, if intrusive activities were 
halted because average wind speeds exceeding 15 miles per 
hour for two successive 15 minute periods were recorded, 
then restart can occur when an average of two successive 15 
minute periods (i.e. 30 minutes) of less than 15 miles per 
hour is recorded. Another example is the cessation of 
intrusive activities resulting from the observation of 
visible particulate emissions originating from an activity 
such as vehicular traffic across an access path. 
case, the PM may resume traffic across the area of emissions 
after preventive actions (such as wetting) have resulted in 
the elimination of visible particulate emissions. Restart 
following shutdown as a result of exceeding the site- 
specific trigger level will not occur until consistent TSP 
measurements below the trigger level are observed. 

In this 

Activity-specific requirements will be evaluated periodically to 
determine their effectiveness at preventing dispersion of 
contaminants from activities where there is a significant 
potential for producing appreciable quantities of suspended 
particulate. 
documented in the Site-Specific Health and Safety.Plan. 

Modifications to these requirements will be 

5 

I I I I 1 



I 
8 
I 
I 
1 
I 
I 
I 
II 
# 
1 
I 
8 
I 
1 
1 
I 
I 
I 

ATTACHMENT ONE 
STANDARD OPERATING PROCEDURES 

TO CONSIDER FOR IMPLEMENTATION 
OF THE IPPCD 

I SOPs for Activities Likely To Be Impacted By the IPPCD 

SOP 3.2 Drilling and Sampling Using Hollow-Stem Auger 
Techniques 

SOP 3.3 Isolating-Bedrock from Alluvium With Grouted 
Surface Casing . 

SOP 3.4 , Rotary Drilling and Rock Coring 

I1 SOPs That Affect IPPCD Activities 

SOP 1.1 
SOP 1.3 
SOP 1.4 
SOP 1.5 
SOP 1.6 
SOP 1.7 

SOP 1.8 
SOP 1.9 
SOP 1.10 

SOP 1.12 
SOP 1.13 

SOP 1.15 

SOP 1.16 

Title To Be Determined 
General Equipment Decontamination 
Heavy Equipment Decontamination 
Handling of Purge and Development Water 
Handling of Personal Protective Equipment 
Handling of Decontamination Water and Wash 
Water 
Handling of Drilling Fluids and Cuttings 
Handling of Residual Samples 
Receiving, Labeling and Handling of Waste 
Containers 
Decontamination Facility Operations 
Containerization, Preserving, Handling, and 
Shipping of Soil and Water Samples 
Use of Photoionizing and Flame Ionizing 
Detectors 
Field Radiological Measurements 
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ATTACHMENT TWO 
IPPCD AIR MONITORING REQUIREMENTS 

RESPONSIBILITIES TECHNICAL SUPPORT 

I RADIOACTIVE AMBIENT AIR MONITORING PROGRAM (RAAMP) 

The RAAMP has been in operation since the early 1970's. It 
consists of a network of 28 air sampling stations located on the 
RFP (Onsite Samplers), locations on the RFP perimeter (14 
Perimeter locations) and 14,samplers located in the community 
surrounding the RFP (Community samplers). Laboratory analysis 
for specific radionuclides is obtained from the samples acquired 
at these locations. The Colorado Department of Health (CDH) 
monitors a similar independent network of air samplers at RFP and 
in adjacent community locations. 
environmental surveillance, reporting, and compliance. 

The scope of the RAAMP is . 
The RAAMP is managed through the Air Programs Group (APG) of the 
Environmental Monitoring Division (EMAD).  EMAD is a division of 
the RFP Environmental Management Department. The EMAD APG 
Manager directs the RAAMP Manager in the functioning of the 
network. 
network to ensure compliance with environmental protection 
requirements contained in DOE Order 5400.1 "General Environmental 
Protection Programg8. 

The RAAMP Manager is responsible for maintaining the 

Specific responsibilities of the RAAMP Manager that are relevant 
to the IPPCD include the following: 

o 

o Schedule weekly air sampler inspection, biweekly air 

Prepare a monthly ambient air report for inclusion in the 
RFP Monthly Environmental Monitoring Report. 

sampler filter collection, required sampler' maintenance, 
air sampler calibrations, and purchase supplies required 
for RAAMP air sampler operation and sample collection. 

Scheduling the analysis of sample filters and screening 
analytical results. 

Calculate the air sample volume data with the sampler 
calibration information. 

o 

o 

11 LOCAL MONITORING OF TOTAL SUSPENDED PARTICULATE (TSP) AT 
INDIVIDUAL ACTIVITY SITES 

Monitoring of Total Suspended Particulate (TSP) at individual 
activity sites has become a part of the Environmental Restoration 
Program at RFP since implementation of the 881 Hillside Phase 1-B 
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Restoration. At the time of Phase 1-B Restoration, concerns for 
public safety voiced by CDH, EPA and the public prompted 
development of a technique for measuring suspended particulate 
concentration on real-time basis. The technique has been refined 
slightly in the IPPCD so that Total Suspended Particulate (TSP) 
is monitored rather than RSP. The technique relies upon 
measuring suspended particulate matter in the immediate vicinity 
of the emission source and comparing the measurements with 
trigger levels developed in each Site-Specific Health and Safety 
Plan. The trigger level concentration is established to provide 
protection for workers potentially exposed to hazardous 
contaminants in soils. This measurement versus criterion 
approach, in conjunction with other'operational constraints (wind 
speed, soil moisture content, etc.'), has been applied 
successfully at the 881-Hillside Phase 1-B Restoration project. 

TSP monitoring (also referred to as ttLo-Vollt air samplers) is the 
responsibility of the individual Project Manager. 
Manager can either conduct TSP monitoring himself/herself or 
delegate the function to the Site Health and Safety Coordinator 
(SHSC). Normally, the SHSC performs TSP monitoring. The SHSC is 
assigned by the RFP Safety and Hygiene Department. 

Specific responsibilities of the SHSC that are relevant to the 
IPPCD include the following: 

The Project 

o Instrument calibration and maintenance. 

o 

o 

Performing the TSP monitoring activity. 

Reporting monitoring results to the Project Manager and 
maintaining required documentation. 

Real-time TSP monitoring will be conducted periodically over the 
duration of activities that have the potential for producing 
appreciable quantities of suspended particulate matter bearing 
potentially hazardous substances. 
at least twice daily. Additionally, emphasis will be placed on 
obtaining measurements at times when particulate emissions are 
expected to be greatest (i.e., initiation of intrusive 
activities, removal of augers, moving of bulk soils, etc.). 

Measurements will be conducted 

In cases of earth-moving activities related to IRA construction, 
the determination to use local Hi-Vol air sampling as well 
pertinent analysis, sampling duration and quality control 
requirements will be made at the pre-startup activity review. If 
the determination to employ local Hi-Vol air sampling is made, a 
representative from the EMAD APG will be assigned to the PM. APG 
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monitors meteorology and air quality for the Environmental 
Management Department. 
responsible for operation of the Hi-Vol system establishing any 
site-specific Hi-Vol monitoring and reporting air monitoring 
data. Once air monitoring samples have been analyzed and 
reduced, they will be reported to the PM. 

The APG representative will be 

When they are to be employed, Hi-Vol air samplers will be 
operational and checked before soil moving activities begin. 
Samplers will be calibrated and deemed operational by the APG. . 
Sample collection frequency; duration and analytical requirements 
will be established before soil mov'ing activities begin. As a 
'minimum, samples should be collected no less than twice monthly 
over the period of soil-moving activities. . 
IV ADDITIONAL WORKER HEALTH AND SAFETY MONITORING REQUIRED BY 

THE SSH&SP 

As required by the IAG and OSHA (29 CRF 1910.120), a Site- 
Specific Health and Safety Plan is to be developed for each 
Operable Unit (OU) prior to commencement of activities. Site- 
Specific Health and Safety Plans are prepared in accordance with 
the RFP Environmental Restoration Health and Safety Program Plan 
and Workbook. CDH and EPA have reviewed and commented on the 
Health and Safety Program Plan and Workbook. Each Site-Specific 
Health and Safety Plan identifies specific worker health and 
safety monitoring requirements for the various activities 
conducted at each OU. When intrusive activities are anticipated, 
the Site-Specific Health and Safety Plan will identify any 
additional monitoring requirements in addition to those specified 
by the IPPCD. 
safety monitoring requirements for the various activities is the 
responsibility of the SH&SC. 

Implementation of specific worker health and 
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1 TABLE 1 . 0  

LOCAL AIR MONITORING TRIGGER LEVELS 

FOR L J 9 P ~ ~ ~ ~ ~ ~ ~  IN SOILS 

0.1 

5 
10 a 

20 
40 1 
60 . 
8 0  
100 
2 0 0  
400 
600 
800 
1000 
1500 
2000 
5000 

@-. 
I 

Soil 1.8 Rem/yr. DAC/ 1.0 
I Activity TSP -3 

pci /gram w / m 3  ms/m3 -------- 
1060500 
106050 
10605 
1061 

106 
53 
27 
18 
13 
11 

5 
3 
2 

1.3 
1.1 
0 . 7  
0 - 5  
0.2 ' 

0.1 
0.05 
0.02 

-1 - 2-1 2 

----------- 
200000 ' 6 O-(AqJ 
20000' '. 

20 7 
10 
5 
3 
3 
2 
1 1 

0.5 
0.3 
0.3 

0.10 
0.04 / 

0.004 
80000 
100000 

0.013 0.003 
0.011 0.002 

Trigger levels are for Total Suspended Particulate matter (TSP) 
concentrations measured in the breathing zone as 8-hour, time- 
weighted averages. They are based on (1) the Derived Air 
Concentration (DAC)/10 which DOE recognizes as the criteria for 
implementing respiratory protection and ( 2 )  the RFP ALARA based 
recommended annual committed effective dose equivalent of 1.8 
Rem/year . 

Use of This Table 
I 
Identify the approximate soil activity in the area where 
intrusive activities are to be conducted. 

1) 



Identify the corresponding DAC/10 and annual committed 
effective dose equivalent (i.e., 1.8 Rem/yr.) trigger 
levels. 
trigger the following actions: 

A) Donning respiratory protection equipment: DAC/10 

Those values represent TSP concentrations that 

threshold 

B) Stop intrusive actions and reevaluate the activities, 
conditions, and precautionary requirements 

Measure TSP breathing zone concentrations during intrusive 
activities using a Piezometric Balance, Mini-Ram, or 
comparable real-time instrument. 

If measured TSP concentrations attain the trigger levels 
identified above , for a sustained period of time (15-30 
minutes), such that the 8-hour time-weighted average could 
be approached, follow the appropriate requirements 
identified above (A or B) and notify the Site Health ans 
Safety Coordinator. 

RFP ALARA practice dictates that reasonable measures be 
taken to keep exposures to radionuclides as low as 
reasonably achievable. 
control measures such as local wetting and exposure control 
mechanisms such as avoiding the leeward dust plume path 
should be considered, to the extent practicable, regardless 
of the TSP measurements. 

This implies that routine dust 

Environmental concentration measurements and estimates 
embody uncertainties and can vary at a given location. 
Thus, users of this table are encouraged to exercise 
conservative judgement regarding the selection of trigger 
levels. 

I I 
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HEALTH & SAFETY PRACTICES 

EGcG ROCKY FLATS e* 
HSP 6.01 
Page 1 o f  11 
Ju ly  31, 1989 
Rep1 aces: 09/01/87 

EXCAVATION PERMIT 

1. SCOPE 

This practice addresses the responsibilities and required activities 
for proper use of the Excavation Permit (see Figure HSP 6.01-1) in 
order to ensure that any excavation is made in a safe and proper 
manner and that required review by all responsible personnel is 
documented. 

2. APPLICATION 

The provisions of this practice apply to all excavations at Rocky 
Flats Plant, with the exception of emergencies. 
emergency, work may be started without an Excavation Permit with the 
approval of the Shift Superintendent. This work shall be documented 
and coordinated in the same manner as for a routine Excavation 
Permit, by the function performing the work, and a formal Excavation 
Permit request shall be initiated within 24 hours after the 
beginning of the emergency. 

In the case of an 

3. DEFINITIONS 

Permit Reauester 

Any responsible user who initiates an Excavation Permit (RF 46635) 
request. 

Job SuDervisor 

Operative manager of personnel who dig the excavation and shore, as 
requi red. 

Solid Waste Manaaernent Unit (SWMUL 

An inactive waste disposal area as defined in the Resource 
Conservation and Recovery Act (RCRA). These areas represent known 
and unknown hazards to human health and the environment. 

I 
I I 
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Page 2 of 11 Excavation Permi t 

1, LOCATIONPROJECT TITL5WCRK DESCRIPTION: 

CONTRACT0 R : 

AUTHORltATlCN NO: PERMIT NO: DRAWING NO: 

CONTRACT DWGSHEET NO: 

LOCATOR TAPE ISSUED' PERMIT UMITS (DU%lTIONIBOUNDARY) -- --. -- 
RADIATION MONITORING SURVCIIRESULTS. -- 

ISPROVALS 

RES?ONSlBLE JOB SUPERVISOR: -. 
0 P f .%TO R : 
EXCAVATlGN C30iiDINATOR: DATE: - 

-- 

Figure 'HSP 6.01-1. Excavation Permit 
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4. RESPONSIBILITIES 

4.1 Job SuDervisor/Construction Manaqernent (CMI Excavation Coordinator 

The Job Supervisor/CM Excavation Coordinator is responsible for the 
fol1 owing: 

0 1  

0 

0 '  

0 

0 

0 

Ensuring that a properly completed Excavation Permit is issued 
prior to the start of any excavation, or driving of rods deeper 
than two feet. 

Obtaining Excavation Permits for Contractors. 

Performing daily inspections of all plantsite excavations in 
process. 

Performing pre-entry inspections of excavations which require 
shoring or other means of protection. 

Reviewing the map of SWMUs provided by Environmental 
Restoration. Locations of SWMUs are to be considered 
approximate and caution should be used when excavating near a 
unit. 

Submitting a sketch of drawing(s) depicting the excavation 
site, along with the Excavation Permit request to Facilities 
Engineering (PCSE) for approval. The drawing(s) shall remain 
with the Excavation Permit request through the review and 
approval process. 

4 . 2  HhS Area Enaineer 

The H&S Area Engineer is responsible for the following: 

o Setting the limits of the Excavation Permit, using input from 
permit-coordinating activities. 

Determining the review/signature requirements for the 
Excavat i on Permi t . 
Determining, and indicating on the Excavation Permit, whether a 
survey by Radi ol ogi cal Operations i s requi red. 

o 

o 
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4 .3  

4 . 4  

5. 

5.1 

5.2 

5.2.1 

5.2.2 

Facilities EnqineerindPlant Civil Structural Enqineerina (PCSEl 

Facilities Engineering/PCSE is responsible for the following: 

o Reviewing and dispositioning the Excavation Permit request and 
its accompanying documentation. 

Assigning the Excavation Permit request a control number and 
providing the permit requester and CM Excavation Coordinator I 
with an updated Site Utility Drawing or sketch of the area. 

o 

o Accompanying the permit requester, CM Excavation Coordinator, 
and operator(s) on a walk-through of the worksite to: 

1) 
2) Discuss methods of execution. 
3) 

Visually inspect for obvious obstructions. 

Locate utilities by painting or staking their location. 

Environmental Restoration 

Environmental Restoration is responsible -for reviewing and approving 
excavations in any SWMU. i 

WORK ...- PRACTICES 

Submittinct. the Excavation Permit Reauest 

The Job Supervisor or CM Excavation Coordinator shall submit with 
the Excavation Permit request a sketch or drawing(s) depicting the 
excavation site to Facilities Engineering/PCSE for approval. 

Not i f i cat i ons 

Job Supervisor 

The Job Supervisor/CM Excavation Coordinator must be notified, at 
least 72 hours in advance, of all excavations prior eo the start of 
the job. 

Fire Department 

Notify the Fire Department for either of the following: 

o If excavations are expected to be deeper than nine feet 
l (X4336). 

In the event of fire, cave-in or medical emergency (X2911). o 

I I 
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. .  

5.2.3 

5.3 

5.4 

5.4.1 

5.4.2 

5.4.3 

5.4.4 

5.4.5 

Solid Waste Management Unit (SWMU) Notifications 

See Paragraph 5.4;.6 for SWMU notifications. 

Personal Protective EauiDment 

Required personal protective equipment shall be identified on the 
H&S Work Permit, per HSP 6.05, "Radiological/H&S Work Permits." 

PreDl anni nq 

Minimum Distance for Spoil Placement 

The spoil from any excavation shall be placed a minimum of four feet 
from at least one side of the excavation lip. 
clear area for rescue equipment . This will allow a 

Excavating Near Security Fences 

When an excavation will be near or pass under a security fence, 
prior notification must be given to Plant Protection. 
ensure that appropriate security is maintained at all times. 

This shall 

Providing Safe Access/Egress to/from Excavations Deeper than 4-Feet 

Make adequate provision for safe access to and egress from any 
excavation deeper than four feet. 
travel distance to a maximum of 25 feet. 
length to extend from the bottom of the trench to at least 3 feet 
above the surface of the ground. 

Ladders shall be placed to limit 
Use ladders of sufficient 

Reviewing Drawings/Sketches 

Review reference drawings and/or sketches provided by PCSE. 
and locations of obstructions listed or indicated on reference 
drawings issued in conjunction with the permit are to be considered 
approximate. 

Depth 

Excavating Near Known Obstructions 

Excavation should be done with extreme caution when performed within 
3 feet (horizontal and vertical) of any known obstruction. 
Exploration to determine the exact location and depth shall be 
performed near existing utilities by probing or by digging with 
hand-held shovels. I 
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5.4.6 

5.4.7 

5.4.8 

5.4.9 

5.4.10 

I 
5.4.11 
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Excavating in SWMUs 

Read the description of the SWMU unit to obtain information on known 
or potential site hazards. 

L 

1) For Non-Emerqencv Immediate Need Excavation in SWMUs 

Notify Environmental Restoration, Industrial Hygiene, and 
Radiological Operations of the area and need as soon as 
possible. These groups shall determine appropriate worker and 
environmental safety precautions. 

2)  For Emerqencv Excavation in SWMUs 

Follow procedures for workers and environmental safety, as 
provided by Industrial Hygiene and Radiological Operations. 
Notify the Shift Superintendent. 

Excavating With Heavy Equipment 

When excavation is being performed with heavy equipment, a second 
person, in addition to the operator, shall be stationed within 
viewing distance of the excavation to visually verify any unusual 
changes in excavation material such as clay to sand, concrete, 
locator tape, etc. 

When Utility Line Burial is Involved. 

If utility line burial is involved, a metallic-backed, orange- 
. colored locator tape shall be installed with the utility line, in 
accordance with Facilities Engineering requirements. 

Noting Existing Utilities on the Site Utility Drawing 

As work progresses, the CM Excavation Coordinator shall note the 
location of existing utilities on the Site Utility Drawing(s), and 
whether that location differs from the drawing. All new utilities 
shall be annotated on the drawing. 

Encountering Unusual Substances 

If any unusual substances, odors, liquids or materials are 
encountered during excavation, notification shall be made to 
Environmental Restoration, Industri a1 Hygiene, and Radio1 ogical . _  

Operations. 

Protecting or Barricading the Excavation 

Adequately protect or barricade the excavation at 
Protection consists of physical barriers, such as 
planking, railing and warning/caution signs and 1 

all times. 
covers, fencing, 
ghts. 
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5 . 4 . 1 2  

5.5 

5.5.1 

5.5.2 

6. 

6.1 

6.2 

6.3 

Working Near Loads or Earthmoving Equipment 

Do not work under or near loads, or earthmoving equipment. 

SDecial Assistance 

Encountering Buried Objects or Suspect Liquids I 

Obtain Radiological Operations, Environmental Restoration, and 
Industrial Hygiene assistance if any buried objects or liquid from 
possible broken or leaking buried lines are encountered. 

Encountering Unidentified Obstructions 

When unidentified obstructions are encountered, immediately stop the 
excavation work and notify the responsible Job Supervisor or CM 
Excavation Coordinator to request assistance from Facilities 
Engineering (PCSE) to identify the obstructions. PCSE shall use 
this input to update the Master Site Utility Drawings. 

SHORING REQUIREMENTS 

Concurrence with OSHA Standard 

Shoring requirements shall concur with OSHA 29 CFR 1926. 

Shorinq and Shaping 

Unless the excavation is in solid rock, shore the sides of all 
excavations five feet’or more deep, or shape to the proper angle of 
repose at any location where personnel entry is required. 

SDecification 

The length of the shored or shaped work location must include the 
effective work zone, plus a safety zone equal in length to the depth 
of the trench on either side of the work zone. A trench shield may 
also be used when appropriate (see Figures HSP 6.01-2 and HSP 6.01- 
3) 

I I I 
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Figure HSP 6.01-2. Approximate Angle of Repose f o r  Sloping of Sides of 
Excavat i ons 

Figure HSP 6.01-3. One Example of Several Types o f  Sheeting 
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Use of  Trench Jacks 

Instead of wooden timbers, trench jacks may be used for shoring if 
they are used in accordance with the manufacturer's capacity 
specifications. 

Plywood or Wooden Sheeting 

Plywood or other wooden sheeting shall not be less than 3/4 inch; 
piling or shoring shall not be less than necessary to support the 
side of the excavation. For additional information, see OSHA 29 CFR 
1926, Subpart P, Table P-2. 

Use, of Prefabricated Hoveable Trench Shield 

Use of a prefabricated moveable trench shield may be substituted for 
shoring, if the specific appqication is approved by the H&S Area 
Engineer or the CM Excavation Cbordinator. 

ShorinQ an Entire Excavation 

If the entire excavation is to be shored, shore the excavation as 
the digging proceeds. 
excavation as the excavating equipment shall permit. Install . 
shoring from the top down; remove shoring from the bottom up. 

i 
Place the shoring as close to the end o f  the 

InsDection Freauencv and Protection Levels 

Inspect all excavations daily and especially after storms or other 
hazard-increasing occurrences; increase the protection against 
slides and cave-ins, as required. 

InsDect i on and ADDroval s Prior to Personnel Entry 

Prior to the initial entry by personnel into a shored excavation, 
the CM Excavation Coordinator, a representative from Occupational 
Safety, and the H&S Area Engineer must inspect the shoring and 
shoring technique and sign off on the posted copy of the Excavation 
Permit. If there is a change to the excavation or shoring 
configuration as the job progresses, this inspection must be redone. 

UDdatina the Drawina When Reauired 

Upon job completion, the CM Excavation Coordinator shall provide the 
updated drawing, marked with horizontal and vertical coordinates 
locating the line(s). 
Utility Drawing. 
coordinates, the CM Excavation Coordinator shall contact PCSE for 
assistance. 

PCSE shall, in turn, update the Master Site 
If difficulty is encountered in locating the XYZ 
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6.8 Add i ti onal Information 

For additional information on safety for excavations and trenches, 
see OSHA 29 CFR 1926. 

7. FORMS 

I 
8. 

I 
i 

RF 13010, ''Work Permit" 

RF 46635, "Excavation Permit" 

REFERENCES 

OSHA 29 CFR ,1926, "Construction Industry Standards" 

HSP 6.05, "Radiological/H&S Work Permit" 

RFP Inactive Waste Units, Reference: May, Chen and Associates 

I 
I 
I 
I 
I 
I I 
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RADIOLOGICAL/H&S WORK PERMIT 

1. SCOPE 

This practice establishes the requirements and responsibilities for 
issuing a Radiological/H&S Work Permit (see Figures HSP 6.05-1, 2, 
and 3) .  
precautions to be taken for the safety and health of personnel and 
the protection of property. 

A Radiological/H&S Work Permit identifies .the necessary 

2. APPLICATION 

Radiological/H&S Work Permits are required for jobs specified in 
Section 5. 

3. DEFINITIONS 

Job SuDervi sor 

The immediate supervisor of the employees performing the work. 
contractor work, the Job Supervisor is the Construction Management 
(CM) Coordinator. 

Resoonsi bl e User 

The supervisor who normally controls the area or equipment. 

Job Personnel . 

The employees actually performing the work described on the 
Radi 01 ogi cal/H&S Work Permit . 

For 

4. GENERAL RESPONSIBILITIES I 

4.1 Job Suoervisor 

The Job Supervisor is responsible for initiating a Radiological/H&S 
Work Permit when required, for coordinating the completion of the 
permit, for ensuring the overall safety o f  the job ,  and for 
complying with the requirements of this practice. 

I I , 
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RADIOLOCICAUHEALTH h SAFETY WORK PERMIT 
Instructions and requirements lor the use of ths lorn am amtained in HLS 6 05 RadnlogicaYHLS Work Pennit 

 JOB INFORMAnON (To be mmpletod by pb wporwor or poma mutator) 

ca Name Aum (x WO 8 

16s Room Date FlUV ( A W M )  To (*MIpM) 

,cope Of WO* 

- DESCRlPnON OF HAZARDS (To bo complot# by m u b b  US00 - - 7 

- Contammenl Pen 

SBA Hwm 
P!dStIc sloove 

PlaStK Hour0 

. .  Gbve Bag 

- .. Down Drah 
GB Exhaust - Other 

.- Air Mover 

- 
REOUlREMENTS - Stan ol job - On call - FuU time 

cantaminamn bveh and extent 

Gamma 
NeuvOn 
LnnltallDM 

RF'T Sinalum t 

Connmnamn levels Ntd enent 

Gamma 
NarVM 

RPT Signaiuro 

Figure HSP 6.05-1. Radiological/H&S Work Permit, Page 1 
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INSTRUCTIONS FOR COMPLETING RADIOLOGICAUHEALTH 81 SAFETY WORK PERMIT 
(Refer to M S  6.05. RadbloglcalMealh 6 WeCy Work Permlt procadurn for h ~ l l  explanation) 

This m b n  ts 10 be compieIed by the 
permil Inillstor. For Q)mtacmr 

JOB NAME Enter twne ol 
ALrm OR WOX: Emer acnhomatlon or rrork order number. 
BLDG and ROOM #: Enter the building and mom m b e r  invhlch W ~ w i l l  be performed. 
DATE. FROM &TO: Enter the Qm date ud t l t ’ ~ 6  forrrNchthe pemll hi valid. 
SCOPE OF WORK: Gter a brlef desaiptlon of the workto be pedmned drnbg Uw d m t b n  of Wa permlt. 

supervisor (Ihe hmmdale supervtsor ol the empbyaas performing the wodc) or a ddgnaled 
the Job supenisor hi the CM wordinator. 

as il appears on wrk  o d e r  or ammullon package. 

Thla maton ts to be completed by the rsspamJbk user(the supanrkiorvrho m(lMny onnmbtte arm or equ@mem). lndlcate what 
hiuards may be preset in the 6yQems on whkh the work will be peffonned snd In the w r m u n d ~  ama 

MATERIAL HAZARDS: Cheek- chemlcal and m8mhlhuards exbL wrhs Inanyolherhasrds Ihal M ne4 Ihted. 
ELECTRICAL HAZARDS: Check whe(her the subjeci systems wi l  be energked rrhen the wwk Is pSr(0nned. Check the whge lsvel 
H applicable and H a laser or mltmwave hazard ex8m 
HIGH TEMPMWH PRESSURE Indicate the IemperiPun, ud passum of the subl.c! uyalema. 
FIRE SUPPRESSION INTERRUPTION: Indicae I lhe flm wpprsssbn eyslem In the ama rrpl be brmpted  
OTHER HAZARDS AND PRECAUTIONS: Enter any OW hazurk and pmcaubm ma tb m appear elsewhere on the paml 

Thio seabn h to be completed by the H6S Area Engineer pnd, i the Job (nvobus w b l e  radbaclh comlnatbn, Radbbglal 
Pmtemion The W S  Anuc Engineer will dele- fl a Jobale Review bi requbed and ll Rad- Proledion lnpul hi requtsd and 
lndicate (LO al (he top of lhbi mbn 

PROlECTlVE APPAREL ckeckthe protecuve apparel required. Consider ndblogiil bumlfll. elearteal. and other day hznrdp 
when completing mb seafon 
CONTAMINATION CONTR0WENTILATK)N R E W I R E M ~ C h e c k a n y ~ c o ~ m b n ~  orvomi la t ionmquim~ 
RESPIRATORY RWIREMENTS: Check resplraior reqrhememls for dbbgkal and chemical hatards. 
RADIOWQICAL PROTECTION RWUIREMENIS: lndlcare LI Rad!&gkal Pmtoubn coverage Is requlred at the BM of Job owy. on 
an-on calr basis, or on the job fun ume. 
DOSIMETRY REOUIREMENTS: M e  dosbnery requlremermr. 
E L E C l R l W  PROTECTION RMUIREMDJT% The M S  Ama b g h w r  ehould 0onauE wlh Ihe Job wpwvkor in order to complete 
lhls senbn indicate elemrkal protecrlon rsqutred. 
RADIOLOGICAL PREJOB SURVEY: Radiological PmteCllOn will survey the work area, complete this seclbn and sign before the /Ob 
begins. 
RADIOLOGICAL POSTJOB SURVEY: Radbloglcal Protealon win sunmy the ama at lhe ompletbn d (he w. compleze this mion 
and sign. 
OTHER SPECIAL REQUIREMENTS: Any salecy requhmems nol covered by the checklists h ths sealon dl be noted here. 

The mMfiIy of this section is Io be compkted by the responsible user. The qWQbX6 concemhg lodroul and tagobl Is to be completed 
joinlly by the user and lob supervisor. 

V-- 

The work will be reviewed with all personnel that will be Involved in the job. They will then sign chat lhey undersand the permlt and Me 
requtremems. The job supervisor or responsible user will noiHy the building manager of the upcomN work and hitlal the perm&. me 
respomible user. job supervisor. H6S Area Engineer. and any M e r  H6S dlsdpline required by the Area Enginearwill sign the permit 
When appbble. the Radloio~ical Pmeclbn Foreman and comaelor supervSa will aiso aign mls sealon 

The permh can be enended beyond one shin only with the pemdssbn of the H6S Area Engiier. The Job supewkor(s) mug tour the 
work area each worklog shin ot each worklng day 10 ensure compliance wilh H 6 S  mquiremenrs and Inhiat Sedion VI of the whke copy 
and the card copy to indicae this was done. I 
DlSTRlBLITlON 

Distribute and retain a6 indicated. Po9 card at the jobshe. and remove and deamy the card when the permil has expired. 

Figure HSP 6.05-2. Instructions for Completing Radiological/H&S Work Permit 
(on back o f  RF 13010) 
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RADK)LOWCALMEMlH SAFETY WORK PERMIT - CONllNUED 

- PERM1 EXENSION 

WORK PERMIT EXENDED TO 

FIRE AND EMERGENCY - DIAL 2911 P a p 2 0 1 2  

Figure HSP 6.05-3. Radiological/H&S Work Permit, Page 2 

I 
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4 . 2  

4 . 3  

4 . 4  

4 . 5  

5. 

5.1. 

5.2 

5 . 3  

I 

ResDonsi ble User ; 

The Responsible User must comply with these requirements and is 
responsible for communicating to the workers any hazard that exists 
in the area. 

Job Personnel 

Job personnel shall comply with these requirements and the 
precautions specified on the H&S Work Permit. 

H&S 'Area Enaineer 

The H&S Area Engineer reviews and signs all Radiological/H&S Work 
Permits and ensures review by the H&S disciplines and the Fire 
Department, when necessary. 

ODerations Manaqer 

The Operations Manager, who is notified of all work covered.by a 
Radiological/H&S Work Permit shortly before the work begins, has the 
authority to modify or halt work plans. 

REQUIRED PERMITS AND REVIEW 

A Radiological/H&S Work Permit is required for the following jobs: 

Breakins the Primary Containment of a Radioactive System 

When breaking the primary containment of a radioactive system, 
except for routine work which is covered by an H&S-approved 
practice. 

Work permits for this type of work require concurrence from 
Radi ol ogi cal Operations . 
Work Usinq Breathins Air 

When personnel perform work using breathing air, i.e., self- 
contained or supplied air, except for work which is covered by an 
H&S-approved practice. 

I 
Work Inside Plenums, Ducts, Gloveboxes 

When personnel shall be working inside plenums, ducts, or 
gloveboxes. "Working inside" is interpreted as the entire body being 
inside the duct, glovebox or plenum. In such cases, the permit must 
be reviewed and signed by the Operations Manager as the Responsible 
User. 

I I I 
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5.4 

5.5 

5.6 

5.7 

5.8 

5.9 

5.10 

Work on Air-Handlinq Svstems, Air Stacks 

For any work on air-handling systems, includ 
systems, or work on air stacks, etc;, except 
of room-air exhaust ducts, heating, ventilat 

Glovebox and Hood Filter Chanqes 

For glovebox and hood filter changing. 

Work on Radioactive Sources 

\ 

ng opening of exhaust 
for pre-fi 1 ter changing 
ng, and supply plenums. 

For any work on radiation-producing devices or systems containing 
radioactive sources except alpha-mets and combos (combination 
hand/foot checking instruments). 

Exhaust and Plenum Filter Chansinq 

For exhaust and recirculating plenum filter changing. 

Physical Chancles to Potable Water or Process Drainase 

For any physical changes to potable water or process drainage. 

InterruPtion of Environmental SamDlers 

For interruption of environmental samplers. 

Work on ExDosed Electrical Systems 

For work on exposed electrical systems, as follows: 

o High voltage (>600 V-AC), energized or de-energized. 

o Repair of any energized electrical system. 

o Troubleshooting, testing, or calibrating any energized electrical 
system, except when both of the following two conditions are met: 

The work i s  performed by one of the following crafts: 
A1 arm/Tel ecommuni cat i ons Technician ; Auto Mechani c/Vehi cl e 
Modi f i cat i on Mec han i c (ve h i cl es on1 y ) ; El ectri ci an Techn i ci an ; 
El ectron i cs Techni ci an ; Lineman- El ectri ci an ; El ectri ci an ; 
Qualified Support Engineers; Metrology Technicians; 

and 

The craftsperson/qualified Support Engineer has been trained in 
safe work practices of electrical systems/equipment, is aware of 
electrical hazards and the necessary protective requirements, and 
the training is documented. 
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5.11 

5.12 

5.13 

5.14 

'5.15 

5.16 

5.17 

5.18 

Soecified Interruotion of Electric Power 

For interruption of electric power affecting more than the piece o f  
equipment being worked on, except for scheduled power outages. 

Soecified Nonroutine Hoistinq/Riaqins of Eauioment 

For nonroutine hoisting/rigging o f  equipment during construction or 
maintenance operations, such as gloveboxes, machinery, transformers 
or other critical equipment. 

Pos'sibil itv of Soecified Contaminant Release 

For any job where the possibility exists for a radioactive or 
hazardous contaminant release to the outside environment, either by 
air, liquids, or solids. 

Known or SusDected Bervllium/Asbestos Contamination 

Where beryllium or asbestos contamination is known or suspected to 
be'present or would be released during the work activity, except for 
routine production operations which are covered by an H&S-approved 
pract i ce. 

Potential for Hazard Exists 

Where a hazard is suspected to exist or could be created, such as 
work involving high pressure (greater than 15 lbs per sq. in.), high 
temperature (greater than 2 O O 0 F ) ,  caustics, acids, or other 
hazardous materi a1 s per HSP 9.07, "Written Hazard Communi cations 
Program. " 

Temoorarv Reassiqnment of Eauioment 

For temporary reassignment to Maintenance o f  the responsibility for 
an area or piece o f  equipment. 

Ooeratinq Mobile Cranes Outside Desiqnated Construction Area 

When operating mobile cranes outside o f  the designated construction 
area and near existing structures or recognized hazards, e.g., near 
overhead power lines and surfaces. I 

When Reauested bv the Oriqinator of the Permit 

If requested by the originator of the permit, any employee involved 
in the preparation or execution of the job, the Job Supervisor, the 
Responsible User, an H&S Area Engineer, any H&S discipline, or the 
Fire Department. 

I I 
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5.19 

5.20 

6. 

6 .1  

6.2 

6.2.1 

Paintinq with Flammable-Based Paints 

For any painting with flammable-based paints (see HSP/FLP 34.04). 

SDeci f i ed Ladder/Scaf fol d Work in a Control 1 ed Area 

All work performed in a Controlled Area from a ladder or scaffold 
not covered by an H&S approved procedure. 

RESPONSIBILITIES AND REQUIREMENTS 

Issuance 

The Job Supervisor shall ensure that a Radiological/H&S Work Permit 
is issued when required (see Section 5). 

How to Comolete the Radioloqical/H&S Work Permit 

Figure HSP 6.05-4 summarizes the activities in completing a 
Radiological/H&S Work Permit. 
permit are as follows: 

The instructions for completing the 

Section I: Job Information _.- 

This section is to be completed by the Job Supervisor. 
contractor work, the Job Supervisor is the CM Coordinator. 

For 

JOB NAME: 
construction package. 

Enter the name of job as it appears on the work order or 

AUTH OR WO#: Enter the authorization or work order number. 

BLDG. and ROOM#: 
work will be performed. 

DATE, FROM, and TO: 
permit is valid. 

SCOPE OF WORK: 
performed during the duration of the permit. 
work instructions such as an "A" or "B"  package, Job Safety Analysis 
(JSA) or other written instructions and submit to the H&S Area 
Engineer for review with the permit, including only that portion of 
the work to be covered by the work permit. Specify the location o f  
the worksite using established identifiers such as column numbers, 
glovebox numbers or electrical panel numbers. Fixed Price and CPFF 
construction contracts shall not require the "A" or "B" package for 
authorization work. 
shall be determined on a case-by-case basis by the H&S Area Engineer 
and Construction Safety. 
shall be determined on a case-by-case basis by the H&S Area 
Eng i neer . 

Enter the building and room number in which the 

Enter the start date and times for which the 

Enter a brief description o f  the work to be 
Identify any related 

The JSA or written instructions requirement 

Other activities requiring a work permit 
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I Complete Section I I 

lcomplete Section 1 1  & IVl 

I 
I Complete Section I I I  I 

!Job Review with Workers I 
I Sign Section V I 
I 
I 
I Pre-Job Survey* . I  
I I 

I 

I 
I Work Begins I 

I 
I Work Completed I 
I 

I 
I Post-Job Survey* I 
1 I 
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RESPONSIBILITY 

Job Supervisor 

Responsible User 

H&S Area Engineer 
and Rad i ol  og i cal Operat i ons 
Foreman* 

Job Supervisor 
and Job Personnel 

Radiological Operations 
Techno1 ogi sts 

. ’ Job Personnel 

Job Personnel 

Radiological Operations 
Technologists 

* Required only if working in an area of potential radioactive 
contamination. 

Figure HSP 6.05-4. Flowchart for Radiological/H&S Work Permit 
I I i 
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6.2.2 

6.2.2.1 

6.2.2.2 

6.2.2.3 

6.2.3 

6.2.3.1 

I 

Section 11: Description of Hazards and Section I V  - Preparation for 
the Job 

The Responsible User completes Sections I 1  and IV. 

In Section I 1  the Responsible User shall describe the hazards that 
may be present in the systems on which the work will be performed 
and in the surrounding areas. 

MATERIAL HAZARDS: Check what chemical and material hazards exist. 
Write in any other hazards that are not listed. 

ELECTRICAL HAZARDS: Check whether the subject systems will be 
energized when the work is performed. 
applicable and if a laser or microwave hazard exists. 

Check the voltage level if 

HIGH TEMP/HIGH PRESSURE: 
condition of the subject systems and if the system is a steam or 
hydraulic system. 

Indicate the temperature and pressure 

FIRE SUPPRESSION INTERRUPTION: 
area will be interrupted. 

Indicate if fire suppression in the 

OTHER HAZARDS AND PRECAUTIONS: 
precautions that do not appear elsewhere on the permit. 

Enter any other hazards and 

In Section IV the Responsible User shall answer the questions 
listed. 
Supervisor in answering the questions pertaining to lockout and 
tagout and coordination with Utilities and the Fire Department. 

The Responsible User may request assistance from the Job 

After completing Sections I1 and IV, the Responsible User may sign 
Section V .  
completed before signing it. 

The Responsible User may wait until the entire permit is 

Section I I I : Radi ol ogi cal and Nonradi ol ogi cal Safety Requi rements 

This section is to be completed by the H&S Area Engineer and, if the 
job involves possible radioactive contamination, Radiological 
Operations. Radiological Engineering review and approval is 
required for all work inside a Controlled Area, and for work 
involving radioactive materials or radiation producing devices 
outside a Controlled Area. I 

The H&S Area Engineer shall review the scope of the job, determine 
if a job site review i s  required, and indicate so at the top of 
Section 111. 

1.f a job site review is required, the Job Supervisor, Responsible 
User, H&S Area Engineer and any other necessary personnel shall 
visit the job site before completing the H&S Work Permit within 24 

I I 1 I I 
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hours before the job is to begin. They shall discuss the work to be 
performed and identify any hazards and safety precautions which must 
be taken. Relevant safety information from this review shall .be 
entered on the work permit. 

6.2.3.2 The HAS Area Engineer shall indicate if this job requires an "A"  
Package or a Job Safety Analysis (JSA) based on the following 
criteria: 

"A" Packaqe 

An . "A"  Package is required for specified Maintenance work as 
described in Maintenance Procedure 3.4, "Maintenance Department Work 
Packages," and for the following H&S-related applications: 

o All new authorizations, addenda and Field Change Orders which 

o Repair, replacement, modification, and/or installation work 

include site preparation, construction, and installation.' 

orders where radionuclide or hazardous contamination exist 
and/or primary containment is breached. 

o Repairs and replacements of all mechanical and electrical items 
where systems cannot be locked out. 

o Any construction work on roofs and unguarded elevated platforms 
over 16 feet above ground or any excavations deeper than five - 
feet. 

Job Safety Analysis 

A JSA consists of the basic 
hazards, and precautions wh 
Safety Analysis." A JSA is 
following criteria: 

job steps, identification of potential 
ch shall be taken, per HSP 2.11, "Job 
required for contractor work meeting the 

o Construction work on roofs and unguarded elevated platforms 
over 16 feet above the ground. 

o Construction work involving excavations deeper than five feet. 

o Construction work performed in a radiation Controlled Area or 
involving hazardous materials with an NFPA rating of 4. 

The H&S Area Engineer may request a JSA for any other work not 
meeting the above criteria if he/she deems it necessary to ensure 
that the job is completed safely. 
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6.2.3.3 

6.2.3.4 

6.2.3.5 

6.2.3.6 

The "A" Package or .JSA shall be available for the H&S Area Engineer 
to review before the job begins. 
activities not involving activities defined in Section 5 may be 
accomplished without a work permit. 

Preparatory and post-job 

Mu1 ti pl e Work Permits 

Jobs with several unrelated hazards may require the issuance of 
multiple work permits to authorize performance o f  specific work 
segments. When multiple work permits are utilized, the required "A"  
package or JSA shall have hold points to indicate when a work permit 
is required. 

Possible Radioactive Contamination 

If the job involves possible radioactive contamination, Radiological 
Operations input and a pre-job and post-job radiation survey are 
required. The H&S Area Engineer shall indicate this requirement at 
the top of Section 111. 

The remainder of Section 111 shall be completed by the H&S Area 
Engineer and Radiological Operations as follows: 

PROTECTIVE APPAREL: Check the protective apparel required. 
Consider radiological, chemical, electrical, and other safety 
hazards when completing thi s sect ion. 

CONTAMINATION CONTROL/VENTILATION REQUIREMENTS: 
contamination control or ventilation requirements. (Note: The need 
for a portable SAAM shall be noted on the "other" line o f  this 
section. ) 

Check any special 

RESPIRATORY REQUIREMENTS: 
radi ol ogi cal and chemical hazards. 

Check respirator requirements for 

RADIOLOGICAL OPERATIONS REQUIREMENTS: Indicate if Radiological 
Operations coverage is required at the start of job only, at the 
start and at the end, on an "on call" basis, or on the job full 
time. 

DOSIMETRY REQUIREMENTS: Indicate dosimetry requirements. 

ELECTRICAL PROTECTION REQUIREMENTS: 
consult with the Job Supervisor in order to complete this section. 
Indi cate el ectr i cal protect i on requ i red. 

RADIOLOGICAL OPERATIONS PRE-JOB SURVEY: 
Radiological Operations shall survey the work area, complete this 
section and sign. 

The H&S Area Engineer shall 

Before the job begins, 

I I I I I 
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RADIOLOGICAL OPERATIONS POST-30B SURVEY: Radiological Operations 
shall survey the area at the completion of the job, complete this 
section and sign. 

6.2.3.7 

, , 6.2.4 

1 6.2.4.1 

I 

6.2.4.2 

6.2.4.3 

6.2.5 

6.2.5.1 

6.2.5.2 

OTHER SPECIAL REQUIREMENTS: Any safety requirements (e.g., 
scaffolding or excavation shoring) not covered by the checklists in 
this section shall be noted here. 

After completing applicable parts of Section 111, the Radiological 
Operations Foreman shall sign Section V .  For those jobs requiring 
the support of Radiological Operations (RO), the RO Foreman shall 
review and sign Section V a second time, validating the work permit 
after the RPT has completed the pre-job survey, and before work 
commences. 

Section V - Approval Signatures 

The H&S Area Engineer shall review the entire permit and sign 
Section V .  

At this point, the first four sections of the Radiological/H&S Work 
Permit shall be complete except for the pre-job survey and final 
sign-off by the RO Foreman, when applicable. 
been signed by the Responsible User, the H&S Area Engineer, and when 
applicable, the RO Foreman. 

The permit will have 

The permit shall now be reviewed and signed by the Job Supervisor 
and, if the work is to be performed by.contractors, the contractor 
supervisor. 

The Job Supervisor shall notify the Operations Manager that the work 
is ready to begin and shall initial Section V .  

The Job Supervisor shall review the entire Radiological/H&S Work 
Permit with all job personnel, and shall emphasize the hazards 
(Section 11) and the safety requirements (Section 111). All job . 
personnel shall sign Section V and the work may begin. Any change 
o f  job personnel shall require that replacement personnel be briefed 
and that they sign in Section V .  

Section VI: Permit Extension 

The actual work shall proceed during the time specified on the work 
permit. Normally, a Radiological/H&S Work Permit is issued for on ly  
one shift of work unless extended by overtime and/or specifically 
approved by the H&S Area Engineer. 

The H&S Area Engineer may authorize an extension o f  the H&S Work 
Permit under extreme circumstances after the actual work has 
started. The extension date shall be entered on the form and the 
H&S Area Engineer shall sign Section VI. Extensions for CPFF and 

I 
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Fixed Price Authorization non-radiological work may be granted up to 
seven consecutive days when the permit is issued, including all 
three shifts of each day. 

6.2.5.3 For all Radiological/H&S Work Permit extensions granted, the Job 
Supervisor is required to review the work area daily to ensure 
compliance with health, safety and environmental standards. The Job 
Supervisor acknowledges that this review has been conducted by 
entering the date and his/her initials in the blanks provided. 
work is being performed on more than one shift, each Job Supervisor 
on each shift shall initial. Initials and dates shall be entered on 
the Job Supervisor's white copy of the permit and the posted card 
copy o f  the permit. 

If 

6.2.5.4 Extensions are subject to cancellation by the H&S Area Engineer if 
violations to the above requirements are cited. 

6.2.6 Changing Conditions 

6.2.6.1 If, during the life of the permit, conditions in the job area change 
or job personnel change, a new work permit is not necessarily 
required. 

o Minor Chanaes ' .- 

Minor changes in the work permit can be made as long as these 
changes are noted on the white copy and card copy of the permit 
and initialed and dated by the H&S Area Engineer and the 
changes are clearly understandable after the work permit is 
modified. Any changes must be reviewed with the job personnel. 

I 

o New Personnel 

Similarly, any new personnel added to the .job during the life 
of the work permit shall review the perm'it and sign the white 
copy and card copy of the permit. . '  

6.2.6.2 Major changes in personnel or job conditions, that cannot be clearly 
indicated on the existing work permit, may dictate that a new work 
permit be generated. 

6.3 Post-Job Survey 

If Radiological Operations was required on the job, a post-job 
radiation protection survey shall be performed when the job is 
completed. Prior to the release of an area or item, the survey 
shall indicate that the area or item has been returned to the fixed 
and removable levels, per ROI 3.1. The results must be recorded on 
the last Radiological/H&S Work Permit issued for the job (on the 
white and yellow copies of the form, as a minimum). 

! i 
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6.4 

6.4.1 

i i 

6.4.2 

6.5 

7. 

8. 

H&S Review 

Regul ar Shift 

The H&S Area Engineer shall review and sign all Radiological/H&S 
Work Permits and shall coordinate additional review by other H&S 
disciplines and the Fire Department, if required. All work 
requiring work permits must be scheduled through the Plan-of-the- 
Day (POD) meeting where applicable. Ideally, all work for the 
following day should be identified at the POD and available for 
review by H&S. 

Off-Shifts .i 
On off-shifts, the permit shall be reviewed and signed by the off- 
shift H&S Area Engineer on duty. Work scheduled for weekends shall 
be identified; at the Friday POD meetings where applicable. This 
work shall be reviewed after the POD meetings and the applicable 
work permits signed by the appropriate H&S disciplines by close-of- 
business (COB) Friday. If a work permit is more than 8-hours old 
when the woyk is scheduled to commence, the Job Supervisor shall 
review the permit to assure that it addresses current conditions. 

Another alternative to weekend work is to arrange with the weekend 
"on-call" H&S Area Engineer to be available at a specific time 
during the weekend to sign the permit. 
Area Engineer is available, Radiological Operations management or 
the Shift Superintendent can review the permit and sign for the H&S 
Area Engineer. 

In the event that no H&S 

Distribution, Retention, and Postinq 

Copies of the permit shall be distributed as indicated on the form. 
Permits shall be retained permanently with the job file by the Job 
Supervisor and for 30 days after the original issue date by the 
Responsible User and Radiological Operations supervision. The card 
copy of the permit shall be posted at the job site, removed, and 
destroyed after the permit has expired. 

FORM 

RF 13010, "Radiological/H&S Work Permit" 

REFERENCES 

HSP 2.02, "Plan For ALARA" 

HSP 2.08, "Lockout/Tagout" 
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HSP 24.01, "Safetx Responsibilities for Construction Contractors" 

HSP/FLP 34.04, "Appl i cation o f  F1 oor Pai nt and Seal er" 

Mtce 3.4, "Maintenance Work Packages" 

ROI 3.1, "Performance of Surface Contamination Surveys" 

I 1 

I For additional information on this practice, contact I 
I K. E. Cavin, Radiological Building Engineering, x5151, I 
I 
I or W .  R. Richardson, H&S Area Engineering, x2325. I 

_.- 
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