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

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

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

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

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

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

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

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

Rocky Flats Plant (RFP). 

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

a RCRA Facility InvestigatiordRemedial Investigation @FI/RI) or Interim Remedial 

Action (TM/IRA) consists of four key components: (1) estabbhment of soil 

threshold levels, (2) assessmenthelection of preventive measures, (3) establishment 

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

The PPCD presents criteria for designating intrusive RFI/Rl 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 wiu include the 

following: establishing wind speed thresholds, water spray soil applications, waste pile 
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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 RFURI 
intrusive activities such as M/IRAs will require additional preventive measures and 

airborne contaminant monitoring. The Stage 2 dispersion control measures will 

consist of Stage 1 methods plus additional suppression techniques such as extensive 

wetting, wind screens, spray curtains or paving. The selection of any particular 

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

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

monitoring, air sampling will provide an integrating record of the dust concentrations 

during the work activities. 

Site-specific implementation plans and monitoring programs will be developed 

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

will cease when the monitoring indicates unacceptable airborne concentrations of 

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

acceptable levels. 

The PPCD has been developed through a working committee consisting of 

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

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

through a series of working group sessions. 
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1.0 INTRODUCTION 

1.1 Backmound 

The Rocky Flats Plant (RF'P) is a federally owned nuclear weapons research, 

development, and production complex situated OB 6,550 acres of federal property 16 

miles northwest of downtown Denver, Colorado. The plant is managed and operated 

by EG&G Rocky Flats, Inc. (EG&G), a contractor to the U.S. Department of Energy 

(DOE). In August of 1990, the State of Colorado, the Environmental Protection 
Agency (EPA), and the Colorado Department of Health (CDH) entered an 

agreement with the U.S. Department of Energy (DOE) to ensure thorough 

investigation and appropriate response actions to environmental impacts and to 

ensure compliance with the Resource Conservation and Recovery Act and the 

Colorado Hazardous Waste Act. Under the terms of the Interagency Agreement 

(IAG), the site is broken into 16 operable units (OU) containing 178 Individual 

Hazardous Substance Sites (IHSS). Each IHSS has a unique set of contaminants 

ranging from a single hazardous substance to multiple potential contaminants 

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

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

document mandated by the LAG. The general guidance provided in the LAG led to 

several draft versions of the PPCD. 

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

The PPCD shall provide for the management of wastes associated with 
sites in such a manner as to prevent windblowing of hazardous or 
dangerous materials through techniques such as soil cover over 
hazardous and dangerous materials and/or use of appropriate wetting 
techniques which DOE shall include as part of the Plan, a proposal to 
evaluate the potential for and risk of windblown inorganic, radioactive, 
and organic hazardous constituents released from sites at the Rocky 
Flats Plant.. . 
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The PPCD draft version 1.0 was reviewed by the Colorado Department of Health 

(CDH) and the Environmental Protection Agency (EBA) Region W. The review 

resulted in a revised approach to develop a more project-specsc 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 Hedth (CDH), EPA DOE, and 

EGBrG. Approximately every three to four weeks, meetings were held to discuss the 
technical approach to fulfilling the purpose of the PPe6). 

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

An acceptable Plan will institute appropriate standards and procedures, 
establish monitoring programs to venfy the effectiveness of implementation 
procedures, establish decision processes9 and spec@ actions that will be taken 
based on those decisions. 

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

hazardous or dangerous materials. 

The PPCD has been organized in the following manner: Section 2.0 contains 
the entire plan in three subsections and includes a synopsis of the appendices. 

Section 2.1 provides the specific components of the PPCD. Section 2.2 includes a 
specific example of how the PPCD is intended to work. Section 2.3 describes the 
administrative responsibilities for executing the PPCD. The appendices which follow 

include the calculations, assumptions, and conclusions which contain significant 
information to support the various aspects of the PPCD. The document has been 

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

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

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

regarding the approval and implementation of the PPCD. 

1.2 Scope and Auulication 

The PPCD has been developed to ensure that the public is protected from the 

potential increased health risk associated with inhaling windblown hazardous or 

dangerous constituents from RFP. Several other federally mandated studies involve 

a similar scope of work; however, each study is directed at a specific stage of the 

RFI/RI process. The scope of the PPCD is to address the potential off-site public 

health hazards resulting from intrusive actions occurring durkg the RCRA Facility 

InvestigationBemedial Investigation (RFI/RI) and Interim Remedial Action 

(IM/IRA) activities. Protection of on-site populations, such as plant site general 

workers, is addressed under the RFP site-wide Health and Safety Program. Section 

1.2.1 descnies the applicability of the PPCD and further clarifies the document's 

scope. 

1.2.1 PPCD Applicability 

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

RFI/RI field investigation or IM/IRA. The RFI/RI field investigation refers to the 

RCRA/CERCLA-SARA investigation, remedial action alternatives assessment, and 

remedial action process. The investigation phase of an RFVRI includes the test pits 

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

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

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

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

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

compliance verification. The RFI/RI phase of this process includes activities directed 

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

Actions (IM/IRAs) are also considered. 

Table 1 identifies three specific stages of intrusive field activities that could 

occur during the RFI/RI process at RFP. Table 1 also identifies three populations 

of human receptors that could potentially be exposed to site related contaminants 

released during intrusive activities. Following is a brief functional description of these 

stages and populations: 

Table 1 

0 Remedial Investigation/Interim Remedial Action Period. During this 

period of RFI/RI activities, investigation-driven intrusive activities are 

being performed at the site. Such activities include: borehole and 

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

installations. Additionally, as indicated above, %M/IRAs may be 

conducted during this period. The latter are expected to result in 
higher emissions than RFI/RI activi~es. Overall, the emissions 

generated from the Remedial Investigation/ Interim Remedid Action 

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

large-scale remediation projects. 
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0 No Action Period. This segment of the RFmI process comprises 

periods when no intrusive field activities are being conducted; thus, 

contaminants are not being released as a result of such activities. 

Releases due to other actions or circumstances discovered during No 

Action periods will be addressed through initiation of IM/IRA's, as 

necessary to alleviate threats to public health or the environment. . 

Remedial Action Period. This period of activity occurs after approval 

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

remedial action period includes remedial design and remedial actions, 

and is often characterized by large-scale construction, earthmoving, 

and other heavy mechanized actions related to cleanup. Generally9 

emissions generated as a result of these activities will be of 

considerably greater magnitude than those associated with the 

Remedial Investigation/Interim Remedial Action Period. 

Offsite Public. This population of potential receptors is the general 

off-site public who could be exposed to emissions from intrusive 

RF'I/RI activities. For purposes of this assessment, this population is 

comxvatively assumed to live at the RFP site boundary. 

0 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 comprhe 

the population in this category. This includes workers involved in my 
stage of the environmental restoration program. 
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Inspection of Table 1 indicates that the hazards to the three potentially 

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

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

OU as part of the RFL/RI report. Potential hazards to each of the thee  potentially 

exposed populations as a result of implementing remedial action alternatives will be 

evaluated as short term impacts in the detailed analysis of alternatives risk 

assessments in the Feasibility Studies. EPA Guidance requires that short-term 

impacts of remedial action be evaluated as one criterion in the Feasibility Study 

(EPA, 1988). The PPCD addresses the potential hazards to the site boundary public 

resulting from intrusive activities during the Remedial hvestigation/Interim Remedial 

Action Stage. Site-specific Health and Safety P l w  (SSHSPs) will address potential 

worker hazards associated with intrusive activities conducted during the Remedial 

Investigation/Interim Remedial Action Stage. 

As indicated by Table 1, the hazards to plant site general workers as well as 

remediation workers will be addressed in the individual OU SSHSPs. Note that the 

PPCD and SSHSPs share the issue of worker health and safety. The PPCD draws 

heavily from the SSHSPs in establishing acceptable exposure levels for workers and 

in the establishment of monitoring requirements. 

The following paragraphs have been included to provide a clear explanation 

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

The general focus of each study has been presented below. 

1.2.2 Baseline Risk Assessment 

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

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

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

site general workers and the general public during the No Action Period. 
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The basic elements of the Baseline W k  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 iden* principal contaminants. The exposure assessment wilu 

iden* 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 

identiQ 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 €tom windblown contaminants will be assessed for each OU in 

accordance with the Risk Assessment Guidance for Superfund; Volume 1, Human 

Health Evaluation Manual (Part A). 

1.2.3 Feasibility Studies 

The Comprehensive Environmental Response, Compensation, and Liability 

Act (CERCLA) requires a remedial investigation and feasibility study for each facility 

included on the National Priorities List. The IAG among EPA, DOE, and the State 

of Colorado established the requirements for the performance of a feasibility study 

for each OU at RFP in order to ident9, evaluate, and select alternatives for the 

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

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

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

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

four basic components: 
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1. 

2. screening of alternatives; 

3. detailed analysis of alternatives; and 

4. selection of preferred alternative(s). 

development of alternatives for remediation; 

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 establkhed criteria to select an 
appropriate remedy. One evaluation criterion is short-term effectiveness. 

Assessment against this criterion examines the effectiveness of the alternatives during 

implementation of the alternative under consideration. Factors addressed under this 

criterion are: protection of the community during remedial actions; protection of 

workers during remedial actions; environmental impacts; and t h e  until the remedial 

action objectives are achieved. This evaluation will consider the potential impacts 

associated with conducting a remedial action program w e i w g  the results against the 

benefits. Each feasibility study will include an evaluation of the measures to be taken 

to protect the public and the surrounding environment &om windblown hazardous 

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

instructs the DOE to "prepare RCRA Facility InvestigatiodRemedial Investigation 

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

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

Guidance for Conducting - Remedial Investivations - 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 
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contain specific procedures for General Equipment Decontamination and many other 

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

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

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

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

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

Plant" (IAG, 1991). The PPCD includes specific procedures that 1) establish soil 

threshold levels, 2) determine the dust emission mitigation required when 

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

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

The PPCD uses simple airborne exposure and risk assessment techniques to 

evaluate the effectiveness of dust control measures. An emission model is used to 

predict the rate at which ContanainantS are released into the air from a source, and 

a dispersion model predicts associated concentrations in air at receptor points. A 

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

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

in selection of appropriate dust control measures. 

The PPCD references the most current information in determhing the uptake 

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

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

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

is discussed in Appendix 1 - Principal Contaminants. 

The application of the PPCD monitoring program coincides with the health 

and safety monitoring program currently being enforced at RFP. The primary 
purpose of the monitoring program is to provide real-time monitoring to verify that 

emissions resulting from intrusive activities are within acceptable guidelines. Figure 1 
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depicts a flow diagram whish outlines the key decision making process in executkg 

the PPCD. Activities conducted under Stage 1 are those activities performed at site 

locations which have site data indicating soil contaminant concentrations do not 

exceed the established risk-based soil thresholds. Activities conducted under Stage 

2 are those activities performed at locations where RFI/RI intrusive activities such as 

IM/IRAs will require additional monitoring surveillance and preventive measures. 

The Stage 1 contaminant dispersion control measures will include the following: wind 

speed measurements, water spray applications, moisture testing, waste pile covering, 

occupational health and safety monitoring using real-time total suspended particulate 

capabilities, and general administrative control measures such as vehicular speed 

limitations are detailed in the Interim Plan for Prevention of Contaminant Dispersion 

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

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

Stage has a specific monitoring program and implementation plan that venfy proper 

execution. 

Using existing data, the PM will determine if the OU specific (possibly MSS 

specific) contaminant concentration levels in soil are above the derived soil threshold 

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

(provides the dust concentration at the site boundary) and intake factors based on 

toxicity values obtained from EPA sources. Appendix 1 provides a discussion of 

selection of PCs. Appendix 2 discusses the intrusive activities considered. Appendix 

3 discusses the dispersion model and the calculation of soil threshold levels 

(summarized in Appendix 5). Appendix 4 discusses the performance criteria and 

intake factors used. 

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

associated with the RFI/RI field investigation or IM/LRA 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. 

The Stage 1 monitoring and dust suppression progams encompass normal day 

to day health and safety monitoring requirements- is supported by the RFP 
Environmental Restoration SOPS, Sitewide H&S plans, QU-specific H&tS 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 mp4 depending on the intrusive activity) and occupational 

real-time air monitoring will be conducted. As a minimmy the following dust 

suppression techniques will be performed/enforced for those activities categorized as 

Stage 1: 

soilwetting 

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 (Le., Stage 1). 
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The remedial investigation or interim remedial action activities would begin 

upon completion of the Stage 2 evaluation of dust prevention alternatives. This 
phase of the Stage 2 implementation process may take signdicant setup time and 

could result in sigmficant 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, “U) as 

deemed appropriate by the site Health and Safety (H&S) officer. The on-site real- 

time instnunentation will provide the information necessary to evaluate the adequacy 

of Stage 2 prevention measures and to venfy that the on-site workers are operating 

under acceptable conditions under Stage 1. 

13 



2.1 

2.0 THE PLAN FOR PREVENTION OF CO DISPERSION 

Specific ComDonents of the PPCD 

This section of the PPCD will descriie how the plan was developed and what 

assumptions were used to evaluate the risk of Windblown contamhants. "he PPCD 

was organized around four major tasks: 

1) Establish soil threshold levels; 

2) 
3) Establish monitoring requirements; and 

4) Develop implementation plan. 

Conduct a preventive measures assessment; 

These tasks were identified through a series of meetings with the 

EPA/CDH/DOE/EG&G representatives. The technical focus was jointly developed 

based on comments received from earlier PPCD versions and public information 

needs as witnessed in previous public comment periods. This draft of the PPCD has 

been written in a manner that explains the technical approach in a concise, easily 

understood, uniting style. Supporting data is found in a series of appendices along 

with a step by step approach to developing each task. 

A brief explanation of the individual task objectives and methodology is 

discussed in the following sections. 

2.1.1 Establish Soil Threshold Levels 

The RFT has a potential for numerous remedial investigation activities 

occurring at the same time with varying emission factors. In order to simplify and 

ensure PPCD application, soil threshold levels have been established for three 

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

14 



was chosen for Operable Unit 3 (OU3) for off-site releases (Drawing 2). OU3 

includes Individual Hazardous Substance Sites 199 (Contamination of the Land 

Surface), 200 (Great Western Reservoir), 201 (Standley Reservoir), and 202 (Mower 

Reservoir). Each area has a number of emission activities at various points within 

the modeling zones. A specific modehg point has been consewatively selected on 

the wind vector havhg 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 6). Additional conservatism was 

introduced into the modeling of exposure by assuming that human receptors are 

closer to the emission source than they actually are. The modeling zones were 

designated based on OU-specific workplans and remedial investigation schedules. 

Modeling Zone B contains the majority of remedial investigation activities planned 

over the next five years (IAG scheduled final Field Activity Finish, January 1997); 

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

and perimeter security zone. 

Emission scenarios under the scope of the PPCD were narrowed down to the 

specific activities that may produce appreciable amounts of fugitive dust. Those 

activities needed to be broad based in order to cover the range of RI and IM/IRA 

activities proposed over the next five years. It has been assumed that during the next 

five years, most of the RI type activity will occur, and the Remedial Action Stage will 

become the primary reference for intrusive activities in the following five years. 

2.1.1.1 Emission Scenarios 

The following scenarios were used for general descriptions of dust producing 

RFVRI type activities (see Appendix 6 for details of each of the scenarios described; 

Appendix 2 introduces emission factor models applied to the scenarios): 
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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 11, B, Interim Remedid Action Project. 

Minor Excavations: smaller construction projects involving a limited 

amount of soil displacement usually less than Bty cubic yards. 

Excavation activity typically involving a single backhoe digging a small 

trench. Example: Test Pit Installations. 

Drillin?: borings typically penetrate approximately 30 feet of vadose 

zone into the groundwater. Hollow-system augering has been proposed 

as the primary drilling method. The emission factor for drilling has 
been assigned a constant as presented in Appendix 2 - Estimation of 

Emission Rates. 

Vehicular Traffic on Unpaved Roadwavs: the volume of traffic 

associated with a particular RFI/RI activity will vary according to the 

type of excavation performed. Heavy vehicular traftic flow is assumed 

to be associated with major excavations. Light vehicular flow is 

associated with minor excavations primarily due to equipment needs 

and support team involvement. A sensitivity analysis of the vehicular 

traffic model is presented in Appendix 2, Estimation of Emission 

Rates. 

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

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

Appendix 2 provides a detailed analysis of the emission rate calculations for each of 

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

provided as well as the actual formula used. 
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2.1.1.2 Step by Step Process Explanation 

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

1) 
2) 

3) 

4) 

5) 

Iden* the principal contaminants (Appendix 1) 

Calculate activity-specific emission rates (Appendix 2) 

Disperse the contaminant to the site boundary (Appendix 3) 

Calculate the relative intake and resulting risk (Appendix 4) 

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

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 

RFURI workplans. Additional discussion regarding this development is discussed in 

Appendix 1. A comparison of tRe site data with the known information pertaining 

to slope factors for potential carcinogens and reference doses for noncarcinogens is 
then performed. 

The calculation of activity-specific (e.g., drilling, excavations, etc.) emission 

rates was then derived using EPA fugitive dust emission rates for various construction 

activities. Several conservative assumptions were applied in this step. For example, 

each excavation activity was assumed to occur all day (10 hour work day) for 365 

daysbear. Several other key assumptions are also listed in Appendix 2. 
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Step 3 

The dispersion of the contaminant to the RFP property site boundary was 
conducted using Gaussian Plume Dispersion modeling (Turner 1967). Appendix 3 

provides a complete discussion of the input parameters. The prevailing wind 
direction as indicated on the 1990 daytime wind rose was towards the southeast 

approximately 4-0 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 lo4 to 1 x lo6 lifetime excess cancer risk (40 CFR 300). The 106 risk level is 

used as the "point of departure" for multiple contaminants at a site or multiple 
pathways of exposure. In addition, assumptions that would err on the side of safety 
were consistently applied. Appendix 4, Risk Calculations, contains additional 
discussion regarding the treatment of parameter uncertainty. 
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Step 5 

Soil threshold levels were calculated by setting the acceptable risk value to a 

dosimetric/risk performance objective (see Appendix 5). An assumed soil 

concentration was input into the spreadsheet and resulted in a derived risk to a 

receptor downwind. The performance objective was defined by setting the risk level 

to 1 x 104 or the hazard index to 0.1. A soil threshold or concentration was then 

back-calculated by starting ffom the target (the performance objective) and 

calculating the source that would lead to this target. An example of such a back- 

calculation is provided in Appendix 5. The hazard index is defined as the estimated 

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

daily intake. Attachment 1 to Appendix 5 lists soil threshold levels for each 

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

will serve as the primary guidance table for evaluating the Stage I and Stage II 
mitigative measure and associated monitoring requirements. 

2.1.2 Preventive Measures Assessment 

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

technologies and processes associated with DOE and Superfund facilities and discuss 

the major attriiutes relative to RFI/RI activity described in previous sections. This 

section of the PPCD is an abstract of Appendix 6, Dispersion Prevention Techniques. 

The techniques developed are based upon the feasibility section of the Guidance for 

Conducting Remedial Investigations and Feasibility Studies under CERCLA (EPA 

1988). 

The primary reference used for identifying dust control measures was the Dust 

Control Handbook (EPA, 1985). A two step process consistent with R W S  guidance 

was used to evaluate the control measures relevant to RFP RFI/RI activities. Step 

one identified suitable technologies. Step two ranked the control measures which are 
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technically feasible and implementable to achieve the lowest achievable edssion rate. 

The ranking system was based primarily on effectiveness amd implementability 

consistent with guidance. Cost was given a lesser consideratiom. 

Selecting dust prevention control methods involved considekg specific 

measures to prevent the spread of contaminants while conducting WI6wp 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 m a l  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 Eauizsment Decontamination, and 

1.4 Heaw EauiDment Decontamination. Additional procedures that will minimize 

the potential for transportation of site-specific contaminants from one activity area 

to another are identified in Attachment One of the IPPCD (See Appendix 8). 

Included are procedures for handling of decontamination and wash waters, handling 

of drilling fluids and cuttings, and handling of residual samples. 

The evaluation criteria involved a ranking of the control measure 

implementability and efficiency. Specific control measure efficiency ratings were 

based on fugitive dust suppression. The specific relevance to RFP environmental 

conditions was considered in evaluating the implementability of each technique. 

Appendix 6 also provides a brief discussion of the dust producing activities 

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

emission activity. 
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2.1.2.1 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 higRest ranking. The discussion of tRe other alternatives can 

be found in Appendix 6. 

2.1.2.2 Minor Ekcavations 

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 
waste disposal requirements. Spraying with water was specified with recommended 
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applications of 0.125 gallons/square yard every 20 &Utes (EPA 1985). However, the 

utilization of chemical dust suppressants is reco ended when dust produced by 

heavy traffic cannot be controlled by watering. 

2.1.3 Monitoring Requirements 

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

instrumentation and methodology used for evaluating the airborne concentrations of 

hazardous and radioactive contaminants. This section summarizes the key elements 

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

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

2.1.3.1 RFI/RI Monitoring Program 

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

monitoring needs based on differing soil contaminant concentration levels. 

The administrative responsibilities fall primarily on the project manager in 

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

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

in detail regarding monitoring requirements is inherent throughout the documents. 

The RF'P 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 RF'P Health and Safety Program Plan (EG&G 1990a) and the FWP Health and 

Safety Plan Workbook (EG&G 1990b). Both of these documents have been 

reviewed by EPA and CDH and the responses to resulting comments have been 

submitted to both agencies. In addition to this guidance, EG&G has a Site-Specific 

H&S Plan under which the remediation subcontractor develops their own H&S Plan, 
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which in turn must be approved by the 

Specific program responsibilities will be described in Section 2.4 of this report. 

Safety m d  Hygiene Department. 

2.1.3.1.1 Stage 1 Monitoring 

Stage 1 monitoring occurs when the average sod contaminant concentrations 

are less than the soil threshold levels listed in Appendkc 5, Attachment k5.1. The 

primary elements of the Stage 1 monitoring program include: 

Windspeed 
e Soil moisture measurements 

0 Total suspended partkulate measurements 
0 Others as specified by the site-specific H&S Plan. 

As a minimum requirement for any RFyRI 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 

effectiveness of the selected mitigative measure. Worker breathing zone sampling 

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

As discussed in Appendix 7, public site boundary and worker start/stop criteria 

have been established. The stop work order will be given when the real-time 

instrumentation depicts a reading below the established soil moisture, or above wind 

speed, or TSP contaminant alarm levels which are based on RFP ALARA or H&S 

Action levels. The conditions for restart of activities are outlined in Section A7.6 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 RF'P. 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 biweeklyy composited by location, a d  mdyz,ed monthly for 

plutonium. (EG&G 1989). 

The nonradioactive and radioactive ambient air monitoMg programs will 

provide additional verification of the implementation and effectiveness of the PPCD. 

Results from these programs will be correlated to on-site occupatiomal 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 ume laboratory analysis which 

requires lengthy turnaround times. The PPCB monitoring plan will focus on real- 

time instrumentation and contaminant-specific detection limitations. 

2.1.4 Implementation Plan 

This section will desmie how the PPCD will be implemented including 

guidance from existing SOPS and the IPPCD. 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 

AS-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 RadiologicaYH&S Work Permit (RFP Health and Safety Procedure 6.05) and 

an Excavation Permit (RFP HSP 6.01) are completed at this time. Appendix 8, 

Interim Plan for Prevention of Contaminant Dispersion (PPCD) lists the relevant 

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

The WVRI workplan is also reviewed to venfl inclusion of the following 

startup prerequisites: 

Equipment is available to evaluate the wind speed. The latter must be 

below 15 mph or 35 mph, depending on the type of earth moving or 

other dust generating operations. Wind speed shut down criteria 

definition and responsible individuals will be identified within 

documents located in the project files. 

Equipment is available to evaluate soil moisture which must be above 

15 percent (or the extent practicable) prior to startup of intrusive 

activities. 

* Monitoring equipment capable of detecting the TSP Occupation 

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

with supporting operational procedures and qualified operators. 

Additional instrumentation may include: Piezobalances, Minirams, 
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Laser Particle Counters, €!NU, OVA and various portable radiation 

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

Site H&S Coordinator. 

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

work plan is amended (with justifications) and approved. 

Step 2 

The PM should consider the extent and applicability of the site 

characterization data. A preliminary data collection activity may be indicated if site 

characterization data are not adequate to make a reasonable hazard evaluation. 

Available site-specific (OU, IHSS, etc.) soil analytical data are reviewed. An OU may 

contain multiple IHSS, and the extent of site characterization data may be variable 

in terms of completeness and quality. This step involves comparing site-specific soil 

contaminant concentrations to those presented in the soil threshold summary tables 

(Appendix 5, Attachment AS-1). The RFI/RI activities (drilling, excavation, etc.) are 

selected from the table and correlated to the known contaminants. The most 

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

The decision is then made as to whether the activity will require Stage 1 or 

Stage 2 monitoring (see Appendix 7). If the activity is determined to be Stage 2, 
additional assessment will be required to select the appropriate contaminant 

dispersion control techniques and monitoring requirements. Each emission activity 

will be reviewed to select the appropriate preventive measure. Appendix 6 Table 

A.6-3 has summarized the most appropriate technique with rankings. The preventive 

measure is selected and implemented under the supervision of the PM. The PM will 

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

Stage 1 or Stage 2 monitoring requirements are identified based on the 

evaluation in Step 2. The site-specific H&S coordinator and the subcontractor H&S 

liaison meet and review the PPCD monitoring plan. Qther SOPS may be referenced 

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

fulfilled with supporting documentation located in either EG&G's or the 

subcontractor's project files. The basic monitoring and reporting requirements should 

be reviewed to verify adequate understanding and delineation of responsibilities prior 

to startup. 

Shutdown criteria are established based on the occupational action levels for 

hazardous materials and Local Air Monitoring Trigger Levels for occupational 

pMcipal 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 (Pua9 DAC/10) to 

provide protection for workers potentially exposed to plutonium contaminated soil. 

The Derived Air Concentration levels (DOE Order 5480.11) for plutonium will 

typically be the most restrictive occupational exposure level at RFP. 

Steu 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, vefifylng soil moisture content, monitoring 

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

suppression techniques. 

The real-time monitor@ data will venfy the effectiveness of dust 

If the TSP results indicate dust loading concentrations above the occupational 

action levels, intrusive activities will be stopped and reevaluated in term of 

precautionary and hpersion resumption requirements to protect workers. Similarly9 

intrusive activities will be stopped if the most restrictive principal contaminant 

shutdown criterion for the off-site publie 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 IV9 Additional Worker Health and Safety 

Monitoring Requirements by the SSH & SP, will be followed prior to the startup of 

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

2.2 Examde - PPCD Demonstration - 881 Hillside Monitoring - Well Installation 

This section provides an example of how the PPCD will work using actual site 

data. OU1 - 881 Hillside has been selected with monitoring well installation as the 

potential emission activity. 

2.2.1 Rocky Flats Plant Area Location 

The 881 Hillside monitoring well installations and their support activities will 

occur primarily in Zone B at the RFP. This zone has a dispersion distance of 2.9 km 
based on the conservative assumption that the center of activity for this zone falls on 

its boundary intersecting the vector leading to the nearest off-site receptor. This 

vector represents the average wind speed in the most common wind direction at RFP 

(Appendix 3 attachments). 
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2.2.2 Scenario Identification 

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

the following activities: 

e Hollow-stem auguring by a drill rig. 

assumed to be 0.2 m (8 in.) diameter by 9 rn (30 ft) deep. 

i d  well dimensions are 

e Traffic over unpaved roads, assumed to be 18 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 wen) will be 10 hours. This assumption 

enables the emission factors for the activities, I'n units of kg of soil edttedhvell drilled 

and kg of soil emittedhehicle kilometer traveled (VISI'), to be translated to a rate 

having units of mass/time. 

2.2.3 Emission Rate Estimation 

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

aforementioned activities (Tistinic, 1984). 

Well Drilling 
Emission Factor = 0.25 kg/well 
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Vehicle Traffic 

Emission (kg”l7) = K (6.7) (412) (S/48) (W/2.7)0-7 (w/4)05 (365-p)/365 

K = aerodynamic particle size multiplier (0.45) 
S = sfit content of road surface material (%) 
S = mean vehicle speed ( ldh r )  
W = mean vehicle weight (Mg) 
W - - mean number of wheels 
P number of days with at Peast 0.254 mm of precipitation 

per year. 
= 

These models were obtained from a memorandum through the CDH, Air Pollution 

Control Division prepared by Mr. Tom Tistinic, a public health engineer. The 

memorandum addresses fugitive particulate emissions through a compilation of 

emission factors recommended for use in estimating emissions from mining activities. 

The content of the memorandum was derived primarily from the EPA’s Compilation 

of Air Pollutant Emission Factors (AP-42). Recent discussions with the Colorado 

Department of Health have confirmed the agency’s preference for using the models 

presented in the memorandum. 

Appendix 2 of this report provides a detailed discussion on the applicability 

of the models to the activities expected to occur at the RFP. 

2.2.4 Identification of Principal Contaminants (OU Specific Data) 

The initial screening for principal contaminants at RFP is discussed in 

Appendix 1. Specific soil action level concentrations were determined for the 

principal contaminants (PCs) included in Table 2.3.1. The table is divided into 

radionuclides, non-radionuclides (solids), and volatile organic compounds (VOCs) and 

semi-VOCS. Slope factors and reference doses (RfDs) are also shown where 

applicable. Note that additional discussion including slope factors and RfDs is in 

Appendix 4. 
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Table 2.3.1 
Phase II Listing of RFP Potential Contaminants 

with Established Slope Factors and Reference Concentdons 

Principal Costari.r~tr (PCr) L.E.C.R 
Sope Factors 

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

Arsenic 
Barium 
Beryllium 
Cadmium 
Chromium 111 
Chromium VI 
Manganese 
Mercury 
Hexachlorocyclohexane (alpha) 
Hexachlorocyclohexane (beta) 
HepIchlor 
Heptachlor Epoxide 
Aldrin 
Dieldrin 
DDT 
Chlordane (alpha, gamma) 
Toxaphene 

Chlodorm 
1,l.l -Trichloroethane 
Carbon Tetrachloride 
Ben=ne 
Toluene 
Dichloromethane 
Xylenes 
MEK 
1 3 -  Dichloroethane 
Bromomethane 
Carbon Disulfide 
1.1 - Dichloroethene 
1,l-Dichloroethane 
Vinyl Acetate 
1.3 - Dichloropropene 
1,1,2-Trichloroethane 
Bromoform 
Tetrachloroethene 
Chlorobenzene 
Ethylbenzene 
styrene 
Vinyl Chloride 
1,2- Dichloroethane 
1 3 -  Dichloropropne 
1,1,2,2-Tetrachioroethane 
2-Chloroethyl Ether 
1,4 - Dichlorobenzene 
1,2 - Dichlorobenzene 
Nitrobenzene 
Hexachloroethane 
1,2,4 -Trichlorobenzene 
Hexachloro butadiene 
Hexachlorocyclopentadiene 

- 

epex) A -1  
2.70E-08 
2.50B-08 
2.40E-08 
4.DOE-OS 
4.110E-08 
7.80E- 14 
2.90E- 12 
5.60E- PI 
4.90E - 1 P 
3.00E - 09 
6.50E- 10 

S.OOE+OI 

8.4OE+ 00 
6.10E+00 

4.POE 9 00 

6.30E-k 00 
1.80E900 
4.50E+00 
9.10E+00 
1.70E + 01 
1.60E+00 
3.40E - 0 1 
1.30E+00 
l.lOE+OO 

8.10E-02 

13OE -01 
3.00E-02 

2.00E-03 

9.10E-02 

P.20E+ 00 

1.30E-01 
5.70E-02 
X90E -03 
1.80E - 03 

2.00E-03 
2.90E - 02 
9.10E-02 
1.30E-01 
2.00E-01 
1.10E + 00 

1.40E-02 

7.80E-02 

MI 
Pnh. RRC 

LtuLk&u 

6mikdwl 

%.00E-03 

5 .70E - 06 
5.70E-06 
1.14E -04 
8.60E -05 

3.00E+OC 

6.00E-01 
9.00E- 01 
9.00E-0: 
9.00E-01 

2.00E - 0: 
3.00E-OI 

l.OOE+O( 
6.00E-0; 
6.00E -02 

5.00E- 0: 
3.00E -0: 

2.00E-0: 
4.00E-0: 
6.00E -0: 

3.00E-0: 

2.00E-01 
~* 

2,4,6 - Trichloro phenol l.lOE - 02 
Hexachlorobenaene 1.60E + 00 



2.2.5 Soil Threshold Selection Process 

The 881 Hillside contaminants were identified using site-specific 

characterization data. The resulting compilation (Step 1I.I as shown in Figure 2) is 
a site-specific identification of the principal contaminants for the purpose of 

implementing the PPCD. The Phase III list is based on the positive identification 

of contaminants and their corresponding concentrations from OU-specific 

sampling and analysis efforts. The aforementioned selection process is detailed 

fwther in Appendix 1. 

A "List III" compilation of the PCs for the 881 Hillside Area is presented in 

Table 2.3.2. The PCs are listed with their highest observed and their average soil 

concentrations. 

2.2.6 Soil Data Comparison with Threshold Levels 

Table 2.3.3 compares existing concentrations of PCs along with the calculated 

threshold levels for well installation and support vehicle traffic in the 881 Hillside 

Area. The action levels come from the spreadsheets for these activities (see 

Attachment k3.4). This comparison demonstrates that none of the PCs exceed 

threshold levels. Therefore, this activity is considered to be under Stage 1 monitoring 

requirements. 
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TABLE 232 

SOIL PRINCIPAL c o m m m s  
OU1- 881 HILLSIDE 

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

0.590 pgg 
8.390 pg/g 
O.fI0 pg/g 
0.190 pg/g 
0.010 pg/g 
0.006 pg/g 
0.025 pg/g 

Arsehc 
Barium 
Beryllium 
cadmium 
Chromium (total) 
Manganese 
Mercuxv 

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

1 Radium 226 

24 S%@g 
810 Pdg 
1.9 Pdg 
6.6 CLdg 
28 Pa8 

2-07 Pg/g 

1.9 pci/g 
1.9 pci/g 

0.91 pci/g 
0.15 pci/g 
2.6 pci/g 

563 

1.7 pCi/g 

0.73 pCi/g 
NQ data 
No data 

I NQ data 

aQ$7 Pdi! 
0.099 pg/g 
0.030 pg/g 
0.0191 pg/g 
0.009 pgg 

0.015 pg/g 

8-7 Pg/g 
120 Pg/g 
0-9 Pg/g 
3.0 Pglg 
12 Pdg 

191 Pdg 
0.30 Pd!? 

0.006 pg/g 

0.96 pCi/g 
0.89 pCi/g 
0.25 pCi/g 
0.04 pCi/g 

0.27 pCi/g 
0.16 pCi/g 

No data 
No data 
No data 

0.02 pci/g 
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2.2.7 Mitigation Measure Identification 

As shown in Table 2.3.3, known concentrations for each of the PCs do not 

exceed the action levels. Therefore, Stage 1 mitigation measures me sufficient for 

both well drilling and vehicle traffic. Stage 1 mitigative measures include wind speed 

measurements, soil moisture testing, total suspended particulate real time 

measurements, and unpaved road wetting applications. 

2.2.8 Monitoring Program Initiation 

Monitoring requirements for the well installation activities of the 881 Hillside 

Area are discussed in Appendix 7. These activities will require Stage 1 monitoring 

which includes implementing air monitoring procedures in the vicinity of the work 

area to provide assurance that off-site releases are kept within the limits imposed by 

the risk analysis (Appendix 4). Both real-time and cumulative (integrating) 

concentrations of contaminants in air will be measured. Appropriate air sampling 

and monitoring instruments will be selected depending on the types of contaminants 

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

The IPPCD (Appendix 8) descriies monitoring requirements and specifies 

occupational action levels. The IPPCD 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 

checklist included in Attachment A.7-1 to Appendix 7. This checklist includes but is 

not limited to: 

40 



e Identification of potential dust generating activities; 

e Determination of contaminant concentrations in the soil; 

0 Determination of Stage 1 or 2 work area and control measures 

required. 

Selection of windspeed and soil moisture thresholds; 

0 Selection of monitoring and sampling equipment; 

0 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 SiteSpecific 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 

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/Qrganizational 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 Propsam 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 Hats office, 

EPA, and the Colorado Department of Health. 

Qualitv 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. 

cpualitv Assurance Coordinator (QAC) 

The QAC coordinates QA Program activities, provides technical support in 
quality affecting activities, and maintains an inventory of division SOPS and quality 

assurance documents. 

Air Promuns Representative 

The Air Programs Representative is assigned to the project by Environmental 

Monitoring and Assessment Division. The Air Programs group monitors meteorology 

and air quality of the Environmental Restoration Department. The Air Programs 

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

meteorological monitors. 

Environmental Restoration Health and 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 Health and Safety Officer is assigned to each Operable 

Unit: and ensuring that adequate safety support and review procedures are 

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

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

supplemental to the Site-Wide QA Project Flan. The assigned Quality Assurance 
Officer approves the plan and produces the project quality report. 

The QAO has the following additional responsibilities: 

0 Reviewing and tracking matters involving nonconformances and those 

requiring corrective action; 

0 Approving nonconformance and corrective action resolutions; 

0 Approving the Response Action Contractors QA plans and procedures; 

Supporting the RP Divisions Quality Coordinator as appropriate; 

Reporting issues involving matters adverse to quality to the ER 

Department Manager, and 

Issuing stop work in matters adverse to quality. 

The QC officer has the following responsibilities: 

Incorporating quality, inspection, and records requirements into EG&G 

internal Phase 1B project related plans, procedures and instructions 

which affect qualiv, 

0 Performing surveillance activities of the work being performed; 
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0 Recommending corrective action on matters requiring corrective action 

resolution; 

* Ensuring the quality records of the project are forwarded to the 

records file; 

e Reporting issues involving matters adverse to quality to the RP 

Division Manager; 

0 Compiling a final Phase 1B Project Quality report to be submitted to 

the RP Division Manager, the ER Department Director, the ER 

Department QAO, and the records file upon completion of the project; 

and 

Coordinating quality matters with the ER Department QAO. 

2.3.3 Records Management 

Records management personnel shall generate a records index which identifies 

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

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

management personnel and/or EM Department supervision will 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 LAG. This 
includes all documents identified as being in the possession of the DOE or its 
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divisions, employees, agents, accountants, or contractors. M e r  the minimum 10-year 

period, DOE shall notify the EPA and the State of Colorado at least 45 days p~or 
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 h e .  
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APPENDIX 1 

PRINCIPAL coNTAMINms 



A.l.1 INTRODUCTION 

The principal contaminants listed in the Plan for Prevention of Contaminant 

Dispersion (PPCD) were identified during a three phase process. This process is 

illustrated in Figure A.1-1. The initial step developed an appropriate and 

comprehensive starting point (List I) for identifying principal con taminants. The 

second step screened the potential contaminants of List I against currently available 

health effects data. When appropriate health effects information existed for a 
potential contaminant (i.e., inhalation slope factors and/or reference concentrations), 

the constituent was carried on to a second list (bst II). The third step will condense 

List 11 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. 

A12 LIST I SEXZCTION 

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 WUCMS Activities, (EG&G, 1991) was selected as the starting point for 

identifymg the principal contaminants because it is the most comprehensive and 

representative list of potential environmental contaminants for the RFP. The 

Appendix B list was based on results of investigations conducted for the 

Comprehensive Environmental Assessment and Response Program (cEAR1p7 

presently the DOE Environmental Restoration Program) and from ongoing 

negotiations among the DOE, EPA, and the State of Colorado. The CEARP Phase I 

activities (1985-1986) included researching past waste management practices, 
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reviewing disposal records, and interviewing Rocky Flats personnel. These activities 

provided documentation for the DOE CERCLA program and for these EPA 

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

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

System evaluation. The findings were published in CEARP Phase 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 prin~pal contaminants 

at the REP. Chemical listings such as RCRA Appendix IX and the ChemRisk Task 

1 Report (ChemRislq 1991) were eliminated because they lacked the specificity to 

environmental contamination at the Rocky Flats Plant. 

The final consideration for List I selection was data availability since it is a key 

factor in successfully implementing the PPCD. The Appendix B list represents the 

constituents that are currently analyzed for in environmental samples collected at the 

RF". As a result, informed decisions can be made and implemented based on 

existing environmental characterization data for specific OUs. The Appendix B list 

(List I) is presented in Attachment A.f.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 cunent 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 (RfCk) and unit risk factors (slope factors) that have been verified by 

the RfC or CRAVE Workgroups. The data from IRIS is also compiled a n n d y  and 

presented in the HEAST. The health effects data evaluated for the PPCD were 

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

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

selected during the second phase of evaluation were those for which health risk 

information was verifiable in final drafts of Health Effects Assessment documents 

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

Environmental Effects Documents (HEEDS), Health Assessment Documents 

(HADs), and Air Quality Criteria Documents (AQCDS)? 

Because the purpose of the PPCD is to provide a consistent mechanism for 

assessing the potential for airborne transport of site-specific environmental 

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

pathway and ident-g only those constituents for which accepted inhalation RfCs 
and unit risk factors were available. List 11, Potential PMcipal Contaminants, is 

presented in Attachment k1.2 along with the pertinent health risk data. 

k13.1 REFERENCE CONCENTRATIONS (RfCs) 

As stated in the HEAST, EPA, 1991, the RfC is an estimate (with uncertainty 

spanning perhaps an order of magnitude) of the daily exposure to the human 

population that is likely to be without an appreciable risk of deleterious effects during 

a portion of the lifetime, in the case of a subchronic RfC, or during the lifetime, in 

the case of a chronic RfC. Subchronic inhalation RfCs were used for the List II 
constituent listing based on applicability to the modeling scenario selected for 

determining risk associated with potential contaminant dispersion. Uncertainty 

factors are factored into the RfC and reflect scientific judgement regarding the 

various types of data used to estimate RfC values (EPA, 1991). Uncertainty factors 

can be found in the cited references for List 11 development. 

Generally, the contriiuting elements to the uncertainty factor include (1) 

variations in human sensitivity when extrapolating from valid human studies involving 

subchronic or long-term exposure of average healthy subjects, (2) extrapolations from 

long-term animal studies to the case of humans, and (3) expansion from subchronic 

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

professional assessment of uncertainties of the study and database not explidy 

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

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

route of exposure (EPA, 1991). 

The RfC is used as a reference point €or gauging the potential effects of other 

exposures. Usually, exposures that are less than the RfC are not likely to be 
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associated with health hks, 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). 

A132 UNIT RISK FACTORS (SLOPE FACTORS) 

Quantitative carcinogenic risk assessments are performed for chemicals in 

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

below: 

Group A - 

Group B - 

Group C - 

Human Carcinogen (sufficient evidence 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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A.1.4 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 11 against existing 

characterization data to identify positively detected contaminants that are then 

carried over to List III. 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 11 constituents to List III. 

A.1.4.1 EXAMPLE LIST III GENERATION - OU 1,881 " D E  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 111 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. 

A.l.5 REFERENCES 

EG&G, 1991. Draft Rocky Flats Site-Wide Quality Assurance Pro,ect Plan for 
CEReLlvRuFs and RCRA RFUCMS Activities. Environmental Restoration 
Program, EG&G Rocky Flats, he. March. 

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

ChemRisk, 1991. 
Radionuclides Used at the Rocky Flats Plant, March. 

ChemRisk Task 1 Report, Identification of Chemicals and 
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EPA, 1991. Health Effects Assessment Summary 'kables, OERR 9200.6-303(91-l), 
JallUZUJC 

USDHHS. Integrated Risk Information System Database. U.S. Department of 
Health and Human Services. 
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TABLE kl-1 
PRINCIPAL CONTAMINANTS 

OU1- 881 HILLSIDE AREA 

Dichloromethane 0.590 pg/g 0.047 P d g  
2-Butanone 0.390 P d g  0.099 P d g  

1,2-Dichloroethane 0.010 pg/g 0.009 pg/g 
Bromomethane 0.006 Pdg 0.006 P d g  

Arsenic 24 P d g  8.7 P d g  
Barium 810 Pdt3 120 P d g  
Beryllium 1.9 P d g  0.9 P d g  
cadmium 6.6 P d g  3.0 P u g  
chromium (total) 28 Pgk 12 P& 
Manganese 563 P d g  191 P d g  
Mercury 2.07 P d g  0.30 P d g  

Strontium 89,90 1.9 pci/g 0.25 p w g  

Americium 241 0.15 pCi/g 0.02 p w g  

1, 1,l-Trichloroethane 0.110 &g 0.030 pg/g 
Tetrachloroethene 0.190 pg/g 0.071 pg/g 

Toluene 0.025 P d g  0.015 &g 

Uranium 233,234 1.7 pCi/g 0.96 pCi/g 
Uranium 238 1.9 pci/g 0.89 pCi/g 

Plutonium 239, 240 0.91 pCi/g 0.04 pCi/g 

Cesium 137 2.6 p W g  0.27 p w g  
Tritium 0.73 pCi/g 0.16 p w g  
Radium 226 No data No data 
Radium 228 No data No data 
Uranium 235 No data No data 
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I PRINCIPAL CONTAMINANTS - METALSflNORGANlCS 

Arsenic 
Barium 
Beryllium 
Cadmium 
Chomlum 111 
Chomlum VI 
Manmnese 

I 
M e 6 i  

PRINCIPAL CONTAMINANTS - RADIONUCLIDES 
I 

Uranlum Pj + 234 
Uranium 2 3  
Uranlum 238 
Americium 241 
Plutonium 239 + 240 
Tritium Qas) 
Strontlum 89 + & 
Strontium 90 
Cesium 137 
Radium p8 
Radium 228 

I 
PRINCIPAL CONTAMINANTS - M I A T I L E  ORGANICS 

I 
I 

1 
I 
I 

Chloroform 
1 ,l ,l -Trlchloroethane 

Benzene 
Toluene 
Dlchloromethane (Methylene Chlalde) 
Yenes 
Methyl Ethyl Ketone (2-Butanone) 
1,2- D lchloroethan e 
Bromomethane 
Carbon Disulfide 
1 ,l -Dlchloroethene 
1 ,l -Dlchloroethane 
Vinyl Acetate 
1 ,3-Dichloropropene 
i ,1 ,2-Trlchloroethane 
Bromoform 
Tehnchloroethene 
Chlorobemene 
Ethylbenzene 
styrene 
Vinyl Chloride 
1,2-Dichloroethane 
i ,2-Dichioropropane 
1,1,2,2,-TelrBchlomemane 

Carbon Tebachiorlde 

PRINCIPAL CONTAMINANTS - SEMNOIATllE ORGANICS 

bls(2-chlaoethyl)ether 
1,4-Dichlorobemene 
i ,2-Dichlorobemene 
NCobenzene 
Hatachlomethane 
1 ,2,4-Trlchlorobamene 
Hexachlombutadiene 
Hwmchlomcyclopentadiene 
2,4,6-TrichlorophenoI 
Hatachlombenzene 

intormation 
Source 

a,b 
a,b 
b 
b 
b 
b 

b 
a,b 

information 
Source 

b 
b 
b 
b 
b 
b 
b 
b 
b 
b 
b 

Intormation 
Source 

a,b 

a,b 
a,b 
a,b 
a,b 
a, b 
a, b 
a, b 
a.b 
a,b 

a, b 
a, b 

a,b 

a,b 
a,b 
aut) 

a,b 
a, b 
a, b 

b 
b 

b 

b 

b 

atb 

lmrmation 
Source 

a,b 
a, b 
a,b 
a 3  
a& 
b 
a,b 
a, b 
a,b 
a, b 

Inhahtion 
w9-1 
2.70E-08 
2.50E-08 
2.40E-08 
4.00E-08 
4.10E-08 
7.80E- 14 
290E-12 
5.60E-11 
5.00E- 10 
8.10E-08 
1.80E-08 

0.05 
0.3 

a - Integated Riek mrmat ion  System 
b - Health Effects Assessment Summary Tables I 



PRINCIPAL CONTAMINANTS - PESTICIDEWCBs 

Hexachlorocyclohexane (alpha) 
Hexachlorocyclohexane (beta) 
HeptachlW 
Heptachla Epmdde 
Aldrin 
Dleleln 
DDT 
Chlomne (alpha, gamma) 
Toxaphene 

IntormatJon 
source 

6.3 
I .8 
4.5 
9.1 
17 

1.6 
0.34 

1.3 
1 .I 
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ESTDlATION OF EMISSION RATES 



A.2.1 INTRODUCTION 

The developed activity scenarios were selected based on the expectation that 

their performance will contriiute significantly to dust generation at the Rocky Flats 
Plant. The activities were assumed to be common to four defined areas (Zones A, 
€3, 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 
RFL/RI intrusive activities such as trowel sampling and hand and small powered 
augers are insignificant emission sources. Presentation of this information to the 

working group resulted in the following activities: 

0 Drilling 
e Light vehicle traffic 
e Heavy vehicle traffic 

e Major excavation 
e 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 O H  "dust manual" as referenced in the working group 
committee.) Volatile Organic Carbons (VOCs) are assumed to be distdxted 

homogeneously through the well boring, and, conservatively, the VOCs in'the 

displaced soil are assumed to be completely volatilized and emitted from the soil 

during the well drilling. 

Light Vehicle Traffic Light vehicle traffic is general activity support trafEc (pickup 

trucks, security vehicles, etc.) traversing the site via unpaved roads. This classification 
of vehicle t r d c  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 (k- = K (1.7) (~112) (SI&) (W/2.7)OS7 ( ~ 1 4 ) ' ~  (365-p)/365 

"KT = 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) 
W = mean number of wheels 
P number of days with at least 0.254 mm of precipitation 

per year. 
= 

The values used for these variables in running this model were either assumed 
using good engineering judgement or obtained ftom various sources. The 

aerodynamic particle size multiplier, K, accompanied the model (Tistinic, 1984). The 
silt content, s, which is defined as that portion of the soil passing through a 200 mesh 

screen, was estimated to be 50 percent based on a soil survey for the area (Soil 

Conservation Service, 1980). The other variables were assumed to have the following 

values for purposes of completing the model: 
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Variable Assumed Value 

1 

2 (tie) 

4 

s 
W 

P 
W 

W, Mean Vehicle Weight Increase 

w, Mean No. of Wheels 

s, Silt Content Increase 

S, Vehicle Speed Increase 

Increase 

16 km/h (10 mph) 
2.7 Mg (=6000 Ibs) 
4 
40 

A simple sensitivity analysis (see Figure 1) performed on the variables of this 

model shows the effect of changes over the expected range of the variables. The 

slope of the line for a particular variable in a given unit range is an indication of the 

impact that changes in that variable have on the total emission factor 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 5 I P, Precipitation I Decrease II 
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FIGURE 1 

3 
Sensitivity Analysis - Vehicle Traffic Model 
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It has been assumed that the soil being disturbed by vehicle traffic contains no 

VOCs; therefore, this activity does not contriiute to potential VOC intake by off-site 

receptors. 

Heavy Vehicle Traf4Rc: Heavy vehicle traffic is identical to tight vehicle traffic with 

the exception that this classification of vehicle traffic assumes that the total vehicle 

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

Minor Excavation: Minor excavation refers to an excavation that requires a 

mhirnum 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: 

(s/5) (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 
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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 1/3 the bucket capacity for a Caterpillar Model 416 (Caterpillar, 1989). 

A simple sensitivity analysis (see Figure 2) performed on the variables of this 

model shows the effect of change over the expected range of the variables. Figure 

2 demonstrates that changes in moisture content have the greatest impact by far on 

the total particulate emission factor. The following list reflects the ran% of the 

variables with regard to impact on dust emissions. 

1 M, Moisture Content 

2 H, Drop Height 

3 U, Mean Wind Speed 

4 s, Silt Content 

II 5 I Y, Bucket Volume 

II Decfease 

VOCs are assumed to be distri’buted 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: 

A-2-6 



FIGURE 2 

Sensitivity Analysis - Backhoe Operations Model 
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1. Topsoil removal by scraper, transportation by scraper and unloading 
by scraper. 

2. Trench excavation by front-shovel excavator. 

These major actiGties are modeled for total particulate dust emission factors as 

fQUOWS (Tkthlk, 1984): 

Removal by scraper 

Emission (kg/Mg) = 0.019 kg/Mg 

Transportation by scraper 

Emission (kg")  = 2.2 E-6 (s)lA 

s = silt content, 96 
W = mean vehicle weight, Mg 

Unloading by scraper (Batch Drop) 

(s/5) (U12.2) (W1.5) 
Emission (kg/Mg) = K (0.0009) 

(M12)2 (Y/4.6)p 
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 glean vehicle weigRt) 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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M E M O R A N D U M  

To : 
Through : 

From: . 

S u b j e c t  : 

Date: 

A l l  I n t e r e s t e d  P a r t i e s  
Colorado Department  o f  H e a l t h ,  Air P o P f u t i o n  C o n t r o l  D i v i s i o n  

Tom T i s t i n i c ,  P u b l i c  H e a l t h  E n g i n e e r  

F u g i t i v e  P a r t i c u l a t e  E m i s s i o n s  

J u l y  2 ,  1 9 8 4  

-~ ~ 

A t t a c h e d  f i n d  t h e  updated c o m p i l a t i o n  o f  f u g i t i v e  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  recommended f o r  u s e  in 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 a v o i d  c o n f u s i o n  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 that t h e  EPA's 
Compi la t ion  o f  Air P o l l u t a n t  E m i s s i o n  Factors (AP-42) b e  u s e d  whenever 
a p p l i c a b l e .  Those  S e c t i o n s  o f  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 .  
when one  i s  needed and i s  n o t  i n c l u d e d  i n  AP-42. 

I n  some cases, we recommend a d d i t i o n a l  f a c t o r s  

When e s t i m a t i n g  e m i s s i o n s  t h e  factors f o r  t h e  speci f ic  material b e i n g  mined 
s h o u l d b e  used. 
f a c t o r s  l i s t e d  i n  t h e  W e s t e r n  S u r f a c e  C o a l  Mining  S e c t i o n .  However, i f  no 
e m i s s i o n  factor for a c e r t a i n  a c t i v i t y  is g i v e n  i n  a specific material 
s e c t i o n ,  you may refer  t o  a n o t h e r .  F o 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 factor 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 
will re fer  t o  the Unpaved Roads s e c t i o n .  

For i n s t a n c e ,  when p r o c e s s i n g  a coal  mine p e r m i t ,  u s e  a l l  

The f a c t o r s  are grouped i n t o  n i n e  m a j o r  s e c t i o n s  as  f o l l o w s :  

I. 

11. Western  S u r f a c e  Coal Mining 

111. Sand and G r a v e l  P r o c e s s i n g  

111. S t o n e  Quarry ing  and P r o c e s s i n g  

V. X e t a l l i c  M i n e r a l s  P r o c e s s i n g  ( u s e  f o r  molybdenum and uranium 

E m i s s i o n  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  

p r o c e s s i n g  ) 

VI. Unpaved Roads 

V I I .  Paved P,oads 

VIII. Aggregate S a n d l i n g  and S t o r a g e  Piles 
'! 
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IX. Appendices 

Am 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  

B. C o n t r o l  E f f i c i e n c i e s  

C. U s e f u 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  

F o l l o w i n g  some s e c t i o n s  are a d d i t i o n a l  f a c t o r s ,  par t i c le  s ize  
d i s t r i b u t i o n s  and o t h e r  d a t a  recommended f o r  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. 

2. 

3. 

4 .  

5. 

6. 

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  
model. F o r  t h i s  r e a s o n ,  emiss fons  should  b e  e s t i m a t e d  f o r  a 
minimum o f  t h r e e  p a r t i c l e  s i z e s ,  e .g .  .<30 um Cor T S P ) ,  < 1 5  o r  < l o ,  
and <5 o r  <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 a c c u r a c y .  

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  we c o u l d  
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 
c o n s i d e r e d  u n t i l  f u r t h e r  d a t a  i s  p r e s e n t e d  t o  t h e  c o n t r a r y .  (1) 

Days w i t h  r a i n  ( >  .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 
f r e e z i n g  ( d u r i n g  The e n t i r e  working day) should  be c o n s i d e r e d  when 
c a l c u l a t i n g  annual  e m i s s i o n s .  

G e n e r a l l y  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  h i - v o l  sampler, which are c o n s i d e r e d  t o  
be less  than  3 0  m i c r o n s  i n  s i z e .  

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  f o r  t h e  estimated year 
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 as 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 as 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 .  

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 .  
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SECTION 11. 

8.24 WESTERN SURFACE COAL MINING 
1 8.24.1 General  

There a r e  12 major c o a l  f i e l d s  i n  t h e  western s t a t e s  (excluding the  
P a c i f i c  Coast  and Alaskan f i e l d s ) ,  as shown i n  F i g u r e  8.24-1.  Together ,  
they accsurne f o r  more than 64 percent  of t h e  s u r f a c e  minable coa l  r e s e r v e s  

p:: 

coA% TYPE 

* 

2 
3 
L 
5 
6 

8 
9 
it 
11 
.-I 
I& 

Scrippable resemas 
C o d  f i e l d  (100 tons) 

Fort  Union 
Pordar River 
Sorth CenczaL 
Bighorn Basin 
Wled River 
E- Pork 
Ulnea 
Souchwescarn U t a h  
Sm Juan River 
Ratoa !ha. 
Denvrr 
Green River 

:3.5:9 
56, :3 

r11 underground 
rll underground 

I ,  000 
3 08 
2 3  

2,318 
Nl undertround 
Nl underground 

2.120 

Figure 8.24-1. Coal f ields  of the western L ' . S . 3  
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. .  
in the United S t a t e s . '  The 12 coal .  .fields have v a ~ y i n ~ - c ~ g r a ' c t e i 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 o 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 ,  milling e q u i p -  
ment ,  o p e r a t i n g  procedures  ~ 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  
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  vest- 
ern s u r f a c e  milie a r e  shown i n  F i g u r e  8.24-2. All o p e r a t i o n s  t h a t  i n v o l v e  
movement o f  s o i l ,  c o a l ,  o r  equipment ,  or e x p o s u r e  of e r o d i b l e  s u r f a c e s ,  
generate some amount o f  f u g i t i v e  d u s t .  

The i n i t i a l  o p e r a t i o n  is removal o f  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  t o  c o v e r  a p r e v i o u s l y  
mined and regraded area a s  p a r t  o f  t h e  r e c l a m a t i o n  p r o c e s s  o r  is p l a c e d  in 
temporary s t o c k p i l e s .  The exposed overburden ,  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 the 
overburden m a t e r i a l  i s  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  
OK a 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 is 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 e  end l o a d e r  l o a d s  t h e  broken  c o a l  i n t o  haul 
t r u c k s ,  and it i s  t a k e n  o u t  o f  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 ,  o r  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  rehandled  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 .  

At t h e  t i p p l e ,  t h e  c o a l  is dumped into a hopper t h a t  f e e d s  t h e  pr 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 
such 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  through a c o a l  s t a c k e r  onto  
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 ,  are 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  l o a d i n g  
f a c i l i t y  and i s  p u t  into rail c a r s .  A t  a c a p t i v e  m i n e ,  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 proceeds  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  a r e  smoothed and contoured  by 
b u l l d o z e r s .  T o p s o i l  i s  p l a c e d  on t h e  graded spoils, and t h e  land i s  pre -  
pared  f o r  r e v e g e t a t i o n  by f u r r o w i n g ,  mulching ,  e t c .  From t h e  time an a r e a  
i s  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 .  

8.24.2 E m i s s i o n s  , 

P r e d i c t i v e  e m i s s i o n  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  western  
s u r f a c e  c o a l  mines a r e  p r e s e n t e d  i n  T a b l e s  8.21;-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 roads .  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 o f  the observeu v a r i -  
a n c e  in e m i s s i o n  f a c t o r s  by r e l a t i n g  e m i s s i o n s  t o  threc s e t s  o f  s o u r c e  pa- 
r a m e t e r s :  l) measures o f  s o u r c e  a c t i v i t y  cr t n e r g y  expended ( e . g . ,  speed 
3nd w e i g h t  o f  a v e h i c l e  t r a v e l i n g  on an un?avc.? road); 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.g. ,  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  
o f  an unpaved r o a d ) ;  and 3)  c l i m a t e  ( i n  t h i s  c a s e ,  mean wind s p e e d ) .  

The e q u a t i o n s  may b e  used t o  e s t i m a t e  ;1nr : icui3tr  e m i s s i o n s  generated  
per u n i t  o f  s o u r c e  e x t e n t  ( e . g . ,  vehic le  dis:Ar!ce. :ra-;elzd or mass o f  mate- 
r i a l  t r a n s f e r r e d ) .  (YJ 
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The equations were developed t h r o u g h  field sampling var<ous western' surface 
mine types and are  t h u s  appl icab le ' to  any o f  the surface coal  mines located 
in the western United S t a t e s .  

In Tables 8.24-1 a n d  8.24-2, the assigned qual i ty  rat ings  apply w i t h i n  
the ranges o f  source conditions that  were tested i n  developing the equa- 
t i o n s ,  given i n  Table 8.2403. However, the equations are  derated one %e%- 
t e r  value (e .g. ,  A t o  B) if applied t o  eastern surface coal  mines. 

TABLE 8.24-3. TYPICAL VALUES FOR CORRECTION FACTORS APPLICiBLE TO TKE 
PREDICTIVE EHISSION FACTOR EQUATIONS 

Geometric Correction Number 
Source fac tor  of test  'iange mean U n i t s  

samples 

Blast ing 

Coal loading 
Bulldozers 

Coal 

Overhiden 

Drag i ine 

Scraper 

Lightjnedium 

Haul truck 
duty vehic les  

tloisture 
Depth 

Area 

Hoisture 

Moisture 
S i l t  
!lo i s  ture 
S i l t  
Drop distance 

Hois ture 
S i l t  
Weight 

Speed 

Moisture 
Wheels 
S i l t  l o a d i n g  

5 
18 

18 

7 

3 
3 
8 
8 

19 

7 
10 
15 

7 

7 
29 
26 

7. - 38 17.2 - 41 7.9 
2 - 135 25.9 
9 - 9,000 1,800 

1,oc ! - 100,000 19,000 
6 ~ 5  - 38 17.8 

4.0 - 22.0 
6.0 - 11.3 
2.2 - 16.8 
3.8 - 15.1 
1.5 - 30 
5 - 100 

0.2 - 16.3 
7.2 - 25.2 
33 - 64 
36 - 70 
8.0 - 19.0 
5.0 - 11.8 

10.4 
8.6 
7.9 
6.9 
8.6 
28.1 
3.2 

16.4 
48.8 
53.8 
11-4 
7.1 

0.9 - 1.7 1.2 
6.1 - 10.0 8.1 
3.8 - 254 4 0 . 8  
34 - 2,270 364 

% 

ft 
m* 
fez 
% 

% 
% 

m 

w 
b 
m 
k 
m 
f b  
x 
% 
R3 
tons 
kP h 
mPh 

% 
number 
g/m' 
lb / a c re 

a Reference 1 .  

I n  us ing  the equations t o  estimate emissions from sources i n  a spe- 
cific western surfacc c o a l  mine, it i s  necessary that  r e l i a b l e  values fcr 
correction parameters be determined f o r  the s p e c i f i c  sources o f  i n t e r e s t ,  
if :he 2ssrgned qual i ty  ratings o f  the equations are  t o  apply. For exam- 
p i e .  actual s i l t  content. o f  coal  or overburden measured a t  a f a c i l i t y  

- .  ;. . _ - - e  EYISSION FACTORS 

n 

5/83 



- r .9  4 . 
D. 

should be used instead o f  estimated values. I n  the event t h a t  s i t e  spe- 
c i f i c  values for correct ion parameters cannot be obtained, the appropriate 
geometric mean values from Table 8.24-3 may be used, b u t  the assigned q u a l -  
i t y  r a t i n g  o f  each emission f a c t o r  equation is reduced by one l eve l  ( e . g . ,  
A t o  B) .  

I 

I-. 
It 

Emission factors  for open d u s t  sources nob covered i n  Table 8.24-3 are  
i n  'Table 8.24-4. 
various western coal  mines. 

These factors  were determined through source t e s t i n g  a t  

The factors  i n  Table 8.24-4 for mine locations 1 t h r o u g h  V were devel- 
oped for  spec i f i c  geographical areas.  Tables 8 24-5 and 8 e 24-6 present 
charac ter i s t i cs  o f  each o f  these mines (areas) .  A "mine specific" emission 
fac tor  should be used only if  the c h a r a c t e r i s t i c s  o f  the mine for w h l c h  a n  
emissions estimate is needed are  very s imilar  t o  those of the mine f o r  
which the emission fac tor  was developed. The other (nonspecif ic)  emission 
factors  r e t e  developed a t  a variety  of mine types arid t h u s  are  applicable 
t o  any western surface coa l  mine. 

As an a l ternat ive  t o  the s ingle  vaiued emission fac tors  given i n  Table 
8.24-4 f o r  t r a i n  o r  t r u c k  loading and i'or t r u c k  o r  scraper unloading, two 
empirically derived emission factor  eq.iations are presented i n  Section 
11.2.3 of t h i s  doctment. Each equatioi! was developed for  a source opera- 
t i o n  ( l e e e ,  batch d r o p  and continuous d r o p ,  s e s p e c t i v e l y j ,  comprising a 
s ingle  dust generating mechanism which crosses industry l i n e s .  

Because the przdict ive  equations a l l o w  emissfor. fac tor  adjustment t o  
s p e c i f i c  source condit ions ,  the equations should be csed i n  p l a c e  cf the 
factors  i n  Tabie 8.24-4 for the sources ideatlfaeii  a b o v e ,  if emission e s i i -  
mates f o r  a s p e c i f i c  western surface coal mine 3 r e  needed. gowever, che 
generally h i g h e r  qual i ty  ratings assigned t o  the equations are applicable 
only if 1)  r e l i a b l e  values of correction parameters have been determined 
f o r  the spec i f i c  sources o f  i n t e r e s t  and 2 )  the correct ion parame:er values 
l i e  w i t h i n  the ranges tested in developing the equations. Table 8.24-3 
l i s t s  measured properties of  aggregate materials  which can be used t o  e s t i -  
mate correction paraneter vallies for the predict ive  emission factor  cqua- 
tions i n  Chapter 11, in the event t h a t  s i t e  s p e c i f i c  values are nct ~ . j z : l -  
able .  Use of  mean correct ion parameter values from Table % . 2 L A j  reduces 
the quality ratings of  the emission f a c t o r  eqcatians i n  Chapter l i  5:; one 
l eve l .  
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T A B L E  8 . 2 s - 0 .  UNCOKTROELED PARTICULATE EMISSION FACTORS FOR 
3PES DUST SOURCES AT WESTERN SURk'ACE CQAE MINES 

Source 

Oral hog Overburdm 

e o 4  

0 . 8 S b ~ r d e ~  0.erburd.o 

Truck hadrag by Overburdm 

a p l e c e u a t  

p a n s  above1 
(batch drop)e 

or coatfawvr drapIc 
Train loadios (batch b r l  

h Y  

V 

V 

m 
11: 

1.3 
0.59 

0.22 
0.nI 

O.OS8 
0 - 029 
0 . u  
0-22 

0.012 
0 . 0 0 0  

0.037 
0.011 

0.028 
0*01L 
0.0002 
O.OOO1 

1 
B 

E 
6 

f 
E 
0 
0 

C 
C 

e 
C 

D 
D 
D 
D 

berm d u p  truck Owe rburdm V 0,001 l b f f  t 
uoloadmg 0.001 k;/T E 

b l  IV 0.027 lb /T  E 
0.014 k i f  nc t 

I11 0.005 l b K  E 
0.002 wn; E 

XI 0.020 1bfT I 
E 
D 

0.010 k f l C  

0.0070 k;/Rg D 
0.066 1bfT D 

D 0.033 W a g  

b d  d s q  truck &.l V 0.007 1bfT 0 
uulmdang 0.W k d b  E 
(btd drop)' 

Scraper unloadps Topsoil IV 0.04 lb/T C 
(batch drpp) 0.02 kcf C 

(batch drop)' 

I 0 . 0 l l  lb/T 

&Y 

Vind erasion of Seeded laad,  An9 0.3a -dm 
butdcn, graded 0-*5 ?*I 

expored areas rcripped over 

o.arburdeo 

' R a n  o w e r r l s  I chrougb V r e f e r  t o  specific nioe loca t ioar  for vhacb the 
correspooding eursaoo fac tors  wre developed (Reference L). Tables 8.2b-1 
aod 8.1h-5 prerear c h a r a c t e r ~ r t a c r  of  each o f  there mmes. See text for  
correc t  U ~ C  o f  tbc9c "mine s p e c i f i c "  rsarsioo factors. The ocher f r c t o r r  
( f r a  Roferencc 5 ercepr f o r  overburden drillmg frm Reference 1) can be 
applacd to  aoy uercem aurface coal nine. 
f o u l  aurpendmd parraculatc (TSP) denotes vb.L i s  a a r u r e d  by standard h i E b  
v o l w  rupler  (lee Secrioo 11.2). 
Predictiur mias&on fac tor  equations, voacb gcoerally provrdr more sccurate 
e r c w c e s  of  C ~ A I I L O O I .  are presented i n  Chapter 11. 

c 
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SECTION P I  

WESTERN SURFACE COAL MINING 

Emissions i n  %bs/T - assumes m o i s t u r e  c o n t e n t  o f  4% o r  g r e a t e r  (See Section v >  I 

I Primary Crushing .02 ( 4 )  .0086 .0056 0 002 0005 

Secondary Crushing .06 ( 4 )  .0258 .0168 *006  0 0015 

T e r f t i a r y  Crushing .%8 ( 5 )  e 0 7 7 4  e 0504 .0%8 - 8045 
I 

Screenin :  .IO ( 4 )  .043 -028  .O%O e 0025 

I ,  Used " 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  c o a l  mining o p e r a t i o n  (See  
Appendix A) 
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SECTION 1x1 . *  

8 . 1 9 . 1  SAND AND GRAVEL PROCESSING 

8 . 1 9 . 1 . 1  P r o c e s s  D e s c r i p t i o n  1 -2 

D e p o s i t s  o f  sand and gravel ,  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- 
s u l t i n g  from 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 r o c k  o r  s t o n e ,  are g e n v r g l l y  
found i n  banks and p i t s  and i n  s u b t e r r a n e a n  and subaqueous beds.  Sand and 
g r a v e l  a r e  products  of t h e  weather ing  o f  rocks  and a r e  m o s t l y  s i l i c a .  
O f t e n ,  v a r i e d  amounts o f  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  m i n e r a l s  a r e  
p r e s e n t .  D e p o s i t s  are common throughout  t h e  country .  

.. 7- 

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  materials are exca- 
v a t e d  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 o r  
o t h e r  apparatus .  L i g h t c h a r g e  b l a s t i n g  may o c c a s i o n a l l y  b e  necessary t o  
l o o s e n  t h e  d e p o s i t .  The materials are 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,  b a r g e ,  t r u c k  or o t h e r  means. The p r o c e s s i n g  
o f  sand and g r a v e l  f o r  a s p e c i f i c  market  i n v o l v e s  t h e  use o f  d i f f e r e n t  com- 
b i n a t i o n s  o f  washers ,  s c r e e n s  and c lass i f iers  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 .  

8 . 1 9 . 1 . 2  Emiss ions  and C o n t r o l s  I 

Dust e m i s s i o n s  o c c u r  dur ing  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 .  G e n e r a l l y ,  t h e s e  materials a r e  wet or m o i s t  when handled ,  and 
p r o c e s s  e m i s s i o n s  are 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 ,  expec ted  
emiss ions  c o u l d  b e  s i m i l a r  t o  t h o s e  shown i n  S e c t i o n  8 . 1 9 . 2 ,  Crushed 
S t o n e .  ) C o n s i d e r a b l e  e m i s s i o n s  may o c c u r  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  s o u r c e  e m i s s i o n  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 ,  through 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 are p r e s e n t e d  i n  T a b l e  8 . 1 9 . 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  emiss ion  f a c t o r s  g i v e n  i n  T a b l e  
8 . 1 9 . 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 o f  t h i s  document. Each equat ion  was developed f o r  a s i n g l e  
s o u r c e  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 c r o s s e s  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  e q u a t i o n  ex- 
p l a i n s  much o f  t h e  observed v a r i a n c e  i n  measured e m i s s i o n  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  s o u r c e  parameters .  These  parameters  may b e  
grouped a s  1 )  measures o f  s o u r c e  a c t i v i t y  o r  expended energy ( e . g . ,  t h e  
speed and weight  o f  a v e h i c l e  t r a v e l i n g  on an unpaved 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 . g . ,  t h e  c o n t e n t  of 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 o f  
p r e c i p i t a t i o n  free days p e r  year,  when e m i s s i o n s  tend t o  a maximum). 

Because  p r e d i c t i v e  e q u a t i o n s  a l l o w  for e m i s s i o n  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  o f  t h e  f a c t o r s  g i v e n  i n  
T a b l e  3 . 1 9 . 1 - 1  whenever e m i s s i o n  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 r o c e s s i n g  f z c i l i t p .  However, t h e  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 i g n e d  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  parameters  have been determined for ihe specific 
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s o u r c e s  o f  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  
r a n g e s  t e s t e d  i n  d e v e l o p i n g  t h e  e q u a t i o n s :  Chapter  11 l i s t s  measured prop- 
er t ies  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 
gravel  i n d u s t r y ,  which c a n  b e  used t o  approximate  c o r r e c t i o n  parameter  Val-  
ues for the p r e d i c t i v e  e m i s s i o n  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  
speci f ic  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 Chapter  1 1  reduces  t h e  q u a l i t y  r a t i n g s  o_f,-the e m i s s i o n  f a c t o r  equa- - \*- 
t i o n s  by a t  least  one l e v e l .  2. 

S i n c e  e m i s s i o n s  from sand and g r a v e l  o p e r a t i o n s  are u s u a l l y  i n  t h e  
form o f  f u g i t i v e  d u s t ,  c o n t r o l  t e c h n i q u e s  a p p l i c a b l e  t o  f u g i t i v e  d u s t  
s o u r c e s  a r e  a p p r o p r i a t e .  C o n t r o l  t e c h n i q u e s  most s u c c e s s f u l l y  used’  for 
h a u 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 ,  p a v i n g ,  r o u t e  m o d i f i c a -  
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 . ;  for conveyors ,  c o v e r i n g  and wet d u s t  sup- 
p r e s s i o n ;  for 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 s o i l  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 ,  
unloading ,  e t c . ) ,  wet s u p p r e s s i o n  and v a r i o u s  methods t o  reduce f r 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 hinged boom s t a c k e r  
conveyors ) .  

Wet s u p p r e s s i o n  t e c h n i q u e s  i n c l u d e  a p p l i c a t i o n  o f  w a t e r ,  c h e m i c a l s  o r  
foam, u s u a l l y  a t  conveyor  feed and d i s c h a r g e  p a i n t s .  Such s p r a g  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  are  e s t i m a t e d  t o  reduce 
e m i s s i o n s  70  t o  95 p e r c e n t s 5  Spray  systems can a l s o  reduce  l o a d i n g  and 
wind e r o s i o n  e m i s s i o n s  from storage 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 
p e r c e n t .  Control e f f i c i e n c i e s  depend upon l o c a l  c l imat ic  c o n d i t i o n s ,  
s o u r c e  p r o p e r t i e s  and d u r a t i o n  o f  c o n t r o l  e f f e c t i v e n e s s .  T a b l e  1 1 . 2 . 1 - 2  
c o n t a i n s  estimates o f  c o n t r o l  e f f i c i e n c y  for v a r i o u s  e m i s s i o n  s u p p r e s s a n t  
methods for h a u l  roads .  

R e f e r e n c e s  €or S e c t i o n  8 .. 19 .1  i 

1. 

2. 

3. 

4. 

5. 

Air P o l l u t i o n  C o n t r o l  Techniques  for N o n m e t a l l i c  t l i n e r a l s  I n d u s t r y ,  
U. S. Environmental  P r o t e c t i o n  Agency, R e s e a r c h  T r i a n g l e  P a r k ,  N C ,  
August 1982. 

S .  Walker ,  “Product ion  o f  Sand and G r a v e l ” ,  C i r c u l a r  Number 57, Na- 
t i o n a l  Sand and Grave l  A s s o c i a t i o n ,  Washington,  D C ,  1954. 

F u g i t i v e  Dust Assessment a t  Rock and Sand F a c i l i t i e s  i n  the South 
Coas t  Air B z s i n ,  Southern  C a l i f o r n i a  Rock Products  A s s o c i a t i o n  and 
Southern  C a l i f o r n i a  Ready Mix Concre te  A s s o c i a t i o n ,  S a c t a  f l o n i c a ,  C A ,  
November 1979.  

C .  Cowherd, Jr., e t  31., Development o f  Emiss ion  FdCtOrS f o r  F u g i t i v e  
Dust S o u r c e s ,  EPA-451)/3-74-g37 , U. S .  Environmental  P r o t e c t i o n  A g e - 3 ,  
Research  T r i a n g l e  Park, NC, June 1974.  

R .  Bohn, e t  a l . .  F u R i t i v e  Emissions from I n t e g r a t e d  I r o n  an11 S t e e l  
P l a n t s ,  EPA-600/2-79-050,  C .  S .  t n v i r o n m e n t a l  P r o t e c t i o n  Agency,  
Washington,  DC, ?larch 1 9 7 8 .  
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SECTION I11 

SAND AND GRAVEL PROCESSING u 
For purposes of e s t i m a t i n g  e m i s s i o n s  we have expanded T a b l e  8.19.1-1 as f o l l o w s :  

?-&g To t a l  
< l o  urn e5 um c2.5 urn P a r t .  

1 
I U n c o n t r o l l e d  Dry Operat ion  T S P E 3 0  urn) e15 urn 

Continuous drop 0 
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  0 . 0 2 9  

1 S t a c k e r  ( l b / T )  0 . 1 3  0.083 0.06 0.0355 0 , 0 1 8 6  0 . 1 6 9  

0 . 2 4  I Batch  Drop 0 ( l b / T )  0.056 0.02 0.0024 0.0015 0.0009 

S t o r a g e  P i l e  0 
1 A c t i v e  ( l b / a c r e / d a y )  1 3 . 2  8.7 6.3 4 . 2  2.4 1 8 . 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 )  1 0 . 4  6.8 5.0 3.3 1 .9  1 4 . 2  

Haul Trucks  3 (lb/VMT) 33.0 13 .3  3.1 1 . 9  1.1 5 2 . 0  

Crushing,  s c r e e n i n g  d 
handling @ Neg . Neg . Neg . Neg . Neg . Neg . I 

I 
I 
I, 

' L i g h t  Duty Vehicles 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  as 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  Handling and S t o r a g e  Pi les .  

Assume part ic le  s i z e  d i s t r i b u t i o n  similar t o  b a t c h  drop ( S e c t i o n  VIII) s i n c e  
entra inment  due m o s t l y  t o  wind and n o t  a m e c h a n i c a l  a c t i v i t y .  

Use par t i c le  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  case w i l l  have 
t o  use p r o p o r t i o n s  s i n c e  g i v e n  10 um 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 .  

N e g l i g i b l e .  Material i s  u s u a l l y  m o i s t .  However, u n t i l  we r e c e i v e  a S e c t i o n  8 . 1 9 . 2  
from EPA f o r  purposes 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  for 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 .  

0 

I. 
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8.20 STONE QUARRYING AND PROCESSING 

Uncontrolled Settled out 
totale in plant, 

Iblton kg1MT % Type of process 

Dry crushing operationsbOc 
- 

Primary crushing 0.5 0.25 80 
Secondary crushing and screening 1 .E 0.75 60 
Tertiary crushing and 6 3 40 

Recrushing and screening 5 2.5 50 
Fines mill 6 3 25 

Miscellaneous operationsd 
Screening, conveying, 2 1 

and handlinge 
Storage pile losses' 

screening (if used) 

8.20.1 Process Description' 

Rock and crushed stone products are loosened by drilling and blasting them from their deposit beds and are 
3kiEoved with the use of heavy earth-moving equipment. This mining o f  rock is done primarily in open pits. The 
use %f pneumatic drilling and cutting, as well as blasting and transferring, causes considerable dust formation. 
Further processing indudes 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. D j i n g  operations, when 
used, can also be a source of dust emissions. 

Suspended 
emission 

Iblton kg1MT 

0.1 0.05 
0.6 0.3 
3.6 1.8 

2.5 1.25 
4.5 2.25 

8.20.2 Emissions1 

As enumerated above, dust emissions occur from many operations in stone quarrying and processing. Although 
a big portion of these emissions is heavy particles that settle out within the plant, an attempt has been made to 
estimate the suspended particulates. These emission factors are shown in Table 8.20-1, Factors affecting emissions 
include the amount of rock processed; the method of transfer of the rock; the moisture'content of the raw 
material; the degree of enclosure of the transferring, processing, and storage areas; and the degree to which 
control equipment is used on the processes. 

12/75 Mineral Products Industry 8.20- 1 
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SECTION ‘dV 

STONE QUARRYING AND PROCESSING 

E m i s s i o n s  i n  l b s / T  - assumes a m o i s t u r e  c o n t e n t  of l e s s  t h a n  4% ( S e e  S e c t i o n  

Activity <30 

Pr imary  Crushing 0.1 (1) 0.043 0.028 oe01  0.0025 

Secondary  Crushing  0.6 (1) 0.258 Om168 0.06 0.015 

T e r t i a r y  Crushing 3.6 (1) 1 548 1.008 0.36 0.09 

R e c r u s h  6 S c r e e n i n g  2.5 (1)  1 .075  0.7 0.25 0.0625 

0.45 0.1125 F i n e s  M i l l  4.5 (1) 1.935 1.26 

S c r e e n i n g  0,2 ( 6 )  0,086 0.056 0.02 0.005 
*! 

C o r r e c t i o n s  0 f o r  h i g h  m o i s t u r e ,  e . g * ,  > 4% - 
A c t i v i t y  

Pr imary  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 

All o t h e r  p r o c e s s  Factor X .15 

0 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 r o v i d e d  i n  Metall ic  ? ! i n e r a l s  ProcessL1-4 
S e c t i o n  V f o r  TSP and (10 urn and e x t r a p o l a t e d  t o  g e t  remain ing  sizes ‘r]. 

r e a s o n  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  TSP t o  <lo UP f o r  IC\.- 
m o i s t u r e  o r e  was c loser  t h a n  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 i n g  t h e  a v e r a g e  o f  t h e  coal mining s i z e  d i s t r i b u t i o n s  (ApFendix  T’ .- .. . 

a D e r i v e d  from v a l u e s  g i v e n  i n  S e c t i o n  V. 
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8.23 METALLIC NINERALS PROCESSING 

8.23.1 P r o c e s s  D e s c r i p t i o n a - '  

Metallic 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  t h e  mining o f  ore, 
e i t h e r  from open p i t  o r  underground m i n e s ;  t h e  c r u s h i n g  and g r i n d i n g  o f  ore ;  
t h e  s e p a r a t i o n  of  va%uable m i n e r a l s  from matrix rock through various cuncen-  
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  h a n d l i n g  and r e f i n i n g .  
g e n e r a l  flow diagram for metallic 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 l g u r e ,  b u t  a11 f a c i l i t i e s  w i l l  u s e  at least some of  t h e s e  operations 
i n  t h e  p r o c e s s  of s e p a r a t i n g  v a l u e d  m i n e r a l s  from t h e  leattix r o c k .  

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  steps necessary t o  r e d u c e  ore  t o  t h e  p r o p e r  s i z e  
w i l l  vary w i t h  t h e  type of ore. 
and molybdenum o r e s ,  may r e q u i r e  as  much as a ter t iary  c r u s h i n g .  S o f t e r  
ores,  such  as some uranium, b a u x i t e  and t i t a n i u m / z i r c o n i u m  ores, r e q u i r e  
l i t t l e  o r  no c r u s h i n g .  F i n a l  comminution o f  b o t h  hard and soft ores is o f t e n  
accompl ished  by g r i n d i n g  o p e r a t i o n s  u , i n g  media  s u c h  as b a l l s  o r  r o d s  o f  vat- 
i o u s  materials. G r i n d i n g  i s  most o f t e n  performed w i t h  an o r e / w a t e r  s b u r q ,  
which r e d u c e s  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 l i g i b l e  l e v e l s .  Gpnen d r y  grindtrig 
p r o c e s s e s  are used ,  p a r t i c u l a t e  e m i s s i o n s  c a n  be c o n s i d e r a b l e .  

Hard ores, i n c l u d i n g  some copper ,  g o l d ,  i r o n  

After f i n a l  size 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  ore  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 f rom t h e  matrix rock. 
A variety o f  p h y s i c a l  and c h e m i c a l  precesses i s  used tc c o n c e n t r a t e  the  
mineral. 
aqueous environment  which e l i m i n a t e s  particulate e z i s s i o n s ,  a l t h u g n  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  w e  separated by m a g n e t i c  czr e l e c t r o s t a t i c  
methods i n  a dry environment .  

Most o f t e n ,  p h y s i c a l  o r  c h e m i c a l  s e p a r a t i o n  i s  performed i n  an 

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  ~ 3 y  be d r i e d  t o  remove surfsce 
Drying i s  most frequently done i n  n a t i i r a i  gas f i r e d  r o t a r y  m o i s t u r e .  

d r y e r s .  C a l c i n i n g  or p e l l e t i z i n g  o f  some p r o d u c t s ,  s u c h  2s zlcr,ina o r  ircr. 
c o n c e n t r a t e s ,  are a l s o  perforned. E s i s s i c n s  from calcialng and ? t i l e r k i n g  
o p e r a t i o n s  are n o t  c o v e r e d  in 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 s u l :  from n e t a i l i c  m i n e r a l  plar.: cpe:ra=5ms . 
such  as c r u s h i n g  and d r y  g r i n d i n g  o f  o r e ;  d r y i n g  o f  c c n c e n : r a z e s ;  s:=rLng 
and r e c l a i m i n g  o f  ores and c o n c e n t r a t e s  from s t o r a g e  b i n s ;  t r a n s i e t  o f  
materials; and l o a d i n g  o f  E i n a l  p r o d a c t s  f o r  shiprne:ic. Far:;:.-:; -5 e c . L c s i x  
f a c t o r s  are provided i n  T a b l e  8 . 2 3 - 1  f o r  v a r i o u s  me:;-,ic zi :ezL FiZCcSS 
o p e r a t i o n s ,  i n c l u d i n g  pr inary,  secondary  2nd t e r t i a r y  crae:1:ng; i r y  gr inCLng;  
d r y i n g :  and material handl ing  and t r a n s f e r .  F u g i t i v e  c=?issiccs arc! aLso 
p o s s i b l e  from r o a d s  and open s t o c k p i l e s ,  f i c t o r s  fpr wki:h sre i n  S s c t i o r .  
1 1 . 2 .  
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F i g u r e  8.23-1. A metall lc  m i n e r a l  p r o c e s s i n g  p l a n t .  

' h e  emiss ion  f a c t o r s  i n  T a b l e  8.23-1 are f o r  t h e  p r o c e s s  o p e r a t i o n s  as 
a whole. 
w i l l .  r e q u i r e  severa, '  t y p e s  o f  equipment. 
w i l l  I n c l u d e  a hopper o r  o r e  dump, screen(s), c r u s h e r ,  s u r g e  b i n ,  apron 
f e e d e r ,  and conveyor b e l t  transfer p o i n t s .  E n i s s i o n s  f r o a  t h e s e  v a r i o u s  
pieces o f  equipment are o f t e n  ducted t o  a s i n g l e  c o n t r o l  d e v i c e .  
s i o n  f a c t o r s  provided i n  T a b l e  8.23-1 for pr imary ,  secondary  and tertiary 
c r u s h i n g  o p e r a t i o n s  are f o r  p r o c e s s  u n i t s  t h a t  are t y p i c a l  arrangements o f  
the above equipment. 

A t  most metallic m i n e r a l  p r o c e s s i n g  p l a n t s ,  e a c h  p r o c e s s  o p e r a t i o n  
A single c r u s h i n g  o p e r a t i o n  l i k e l y  

The enis- 

Emfssion f a c t o r s  are  provided i n  T a b l e  8.23-1 for two t y p e s  o f  d r y  
g r i n d i n g  opera: icns,  t h o s e  g r i n d i n g  o p e i a t i o n s  t h a t  i n v o l v e  a i r  conveying 
a n d l o r  a i r  c l a s s i f i c a t i o n  of material and t h o s e  t h a t  i n v o l v e  s c r e e n i n g  o f  
material w i t b o u t  a i r  conveying.  
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 e q u i r e  dry c y c l o n e s  f o r  e f f i c i e n t  
product r e c o v e r y .  The f a c t o t s  i n  T a b l e  8.23-1 are  for m i s s i o n s  a f t e r  
product r e c o v e r y  c y c l o n e s .  G r i n d e r s  i n  c l o s e d  c i r c u i t  w i t h  screens u s u a l l y  
do n o t  r e q u i r e  c y c l o n e s .  Emission f a c t o t s  are n o t  provided f o r  w e t  g r i n d e r s ,  
because  the h i g h  m o i s t u r e  c o n t e n t  i n  t h e s e  o p e r a t i o n s  can reduce  e m i s s i o n s  
Eo n e g l i g i b l e  levels. 

Grinding o p e r a t i o c s  t h a t  i n v o l v $ . a i r  
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The e m i s s i o n  f a c t o r s  f o r  d r y e r s  i n  T a b l e  8.13-1 i n c l u d e  transfer p o i n t s  
i s  i n t e g r a l  w i t h  the  d r y i n g  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 / z i r c o n i u m  p l a n t s  t h a t  u s e  d r y  c y c l o n e s  f o r  p r o d u c t  
r e c o v e r y  and for  emission c o n t r o l .  Ti tanium/zirconirrm sand t y p e  ores do n o t  
r e q u i r e  c r u s h i n g  o r  g r i n d i n g ,  and t h e  o r e  i s  washed t o  remove h m i c  and d a y  
material 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 s e p a r a t e  e m i s s i o n  factor i s  provided 
-0 
1 
1 
I 
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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 i t o r e d  in 
e n c l o s e d  b i n s  between p r o c e s s  o p e r a t i o n s .  The e m i s s i o n  factors provided in 
T a b l e  8.23-1 f o r  the handl ing  and transfer o f  material should  b e  a p p l i e d  to  
t h e  l o a d i n g  o f  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 e m i s s i o n  f a c t o r  w i l l  u s u a l l y  b e  a p p l i e d  twice to a storage 
o p e r a t i o n ,  o n c e  f o r  t h e  l o a d i n g  o p e r a t i o n  and o n c e  for t h e  r e c l a i m i n g  oper- 
a t i o n .  If material is s t o r a 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  e m i s s i o n  
factor should  be a p p l i e d  t o  each o p e r a t i o n  and should  a p p l y  to  t h e  material 
b e i n g  s t o r e d  at.each b i n .  
a p p l y  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  that are i n t e g r a l  v i t h  ~ 

c r u s h i n g ,  d r y i n g  o r  g r i n d i n g  o p e r a t i o n s .  

The m a t e r i a l  h a n d l i n g  and transfer factors do n o t  

A t  some l a r g e  metallic m i n e r a l  p r o c e s s i n g  p l a n t s ,  e x t e n s i v e ' m a t e r i d  
t r a n s f e r  o p e r a t i o n s ,  u i t h  numerous conveyor  b e l t  transfer points ,  may b e  
r e q u t 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  o f  a n o t h e r  
p r o c e s s  u n i t .  
t r a n s f e r  p o i n t  and should b e  based  on t h e  a m u n t  o f  material t r a n s f e r r e d  
through t h a t  p o i n t .  

ihe e m i s s i o n  f a c t o r s  f o r  n a t e r i a l  h a n d l i n g  and t r a n s f e r  should  b e  

These  emiss ion  factors should  b e  a p p l i e d  t o  each  such  conveyor  

The e n i s s i o n  f a c t o r s  f o r  materiel h a n d l i n g  c a n  a l s o  be a p p l i e d  t o  f i n a l  
product  loading: f o r  shfpncc t .  
each t r a n s f e r  p o i n t ,  ore dump o r  o c h e r  p o i n t  where material is a l l o w e d  t o  
fall f r e e l y .  

Again,  t h e s e  f a c t o r s  should  b e  a p p l i e d  t o  

T e s t  d a t a  c o l l e c t e d  i n  t h e  m i n e r a i  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  o f  o r e  can have a s i g n i f i c a n t  e f fec t  on e a i s s i o n s  from 
s e v e r a l  p r o c e s s  o p e r a t i o n s .  
t r o l l e d  e m i s s i o n  r a t e s ,  and s e p a r a t e  c n i s s l o n  rates are provided f o r  p r i m a q  
c r u s h e r s ,  secondary  c r u s h e r s ,  tertizrp c r u s h e r s ,  and nater ia l  handl ing  and 
t r a n s f e r  o p e r a t i o n s  t h a t  p r o c e s s  h igh  r,ois:ure o r e .  Drying and dry 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 or t o  iz-:ol*:c o n l y  low m o i s t u r e  material. 

E igh  m o i s t u r e  g e n e r a l l y  r e d u c e s  t h e  uncon- 

F o r  most metallic m i n e r a l s  covezed I n  t h i s  S e c t i o n ,  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 : e c ? ,  as m s s a r e d  a t  :he primary c r u s h e r  
i n l e t  o r  a t  t h e  mine, is I ;.eight -,ercen: CY  grzater.  Ore d e f i n e d  as h i g h  
m o i s t u r e  a t  t h e  primary c r u s h e r  i s  cresz...ed tc 3s high m o i s t u r e  o r e  a t  .=XI)' 

subsequent  o p e r a t i o n  f o r  which h i g h  f;oinr,:re f a c t o r s  2re p r c v i a e d ,  u n l e s s  a 
drying o p e r a t i o n  p r e c e d e s  t h e  o p e r a t i x  under c o c s i d e r a t i o n .  
as lot; m o i s t u r e  when a d r y e r  precedes  t h s  c p e r z c i c n  under c o n s i d e r a t i o n  o r  
when t h e  o r e  n o i s t u r e  a t  t h e  mine or prinary c r c s h e r  is less than  4 q e i g h t  
p e r c e n t .  

Ore i s  d e f i n e d  

S e p a r a t e  factors a r e  provided f c r  tz*s.i:e h a n d l i n g  o p e r a t i o n s ,  i n  that 
some t y p e s  of b a u x i t e  w i t h  a mois ture  csr.:ent 8s h i g h  as 15  co 18 weighc 
p e r c c n t  c a n  s t i l l  produce r e l a t i v e l y  h i ? ?  ernissis:ns dur ing  u t e r i 3 1  handl ing  
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procedures.  These e m i s s i o n s  could be e l i m i n a t e d  by adding s u f f i c i e n t  mois- 
t u r e  t o  t h e  o r e ,  but  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, t h e r e  i s  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 tate ,  and the low mois ture  emiss ion  f a c t o r s  g i v e n  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  o f  t h e  industry .  

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 obta 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  t h e s e  i n l e t  
streams 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  ac t iv i t i es ,  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  size s p e c i f i c  emissiorn factors 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 t h a  10vm 
aerodynamic d i a n e t e r ,  from a l i m i t e d  number o f  tests performed eo charac- 
terize t h e  p r o c e s s e s ,  are p r e s e n t e d  i n  T a b l e  8.23-1. 

I n  some p l a n t s ,  p a r t i c u l a t e  e m i s s i o n s  from m u l t i p l e  p i e c e s  o f  equipment 
and o p e r a t i o n s  are c o l l e c t e d  and ducted t o  a c o n t r o l  d e v i c e .  
examination o f  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 .  

T h e r e f o r e ,  

Emission f a c t o r s  f o r  p a r t i c u l a t e  matter equal t o  o r  less than 10vm from 
high mois ture  prieary c r u s h i n g  o p e t a t i o n s  and material handling and t r a n s f e r  
o p e r a t i o n s  were based on test r e s u l t s  u s u a l l y  i n  t h e  30 t o  40 weight p e r c e n t  
range. However, h igh  v a l u e s  were o b t a i n e d  f o r  h igh  m o i s t u r e  o r e  at both  t h e  
p r i a a r y  crushing  znd the material handling and transfer o p e r a t i o a s ,  and 
t h e s e  were included i n  t h e  average  v a l u e s  i n  t h e  Table .  
range occurred  i n  t h e  low a o i s t u r e  drying o p e r a t i o n .  

A similarly wide 

S e v e r a l  o t h e r  f a c t o r s  nre  g e n e r a l l y  assumed t o  affect t h e  l e v e l  of 
e m i s s i o n s  f r o 3  D 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 .  These i n c l u d e  o r e  c h a r a c t e r -  
i s t i cs  such as hardness ,  crystal 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 e s i g n  characterist ics ,  such as c r u s h e r  type, could  a l s o  af fect  
t h e  emiss ions  l e = . e l .  A t  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 
or' t h e s e  v a r i a b l e s .  

Erissiocs frce 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 u s u a l l y  c o n t r o l l e d  
wi th  wet scrubbers  or baghouses. F o r  moderate t o  heavy u n c o n t r o l l e d  eais- 
sicn rates 2 ~ 3 ~  c:Tkal dry o r e  o p e r a t i o n s ,  d r y e r s  and dry  g r i n d e r s ,  a wet 
s c r n 5 b e r  v F ~ 5  7resscre drop o f  1.5 t o  2 .5  k i l o p a s c a l s  (6 t o  10 i n c h e s  of 
water)  w i l l  r e d c c e  m i s s i o n s  by approximately 95 p e r c e n t .  With v e r y  low 
u n c o n t r o l l e d  e n i s s i o n  ~ ~ K O , S  t y p i c a l  o f  h igh  m o i s t u r e  c o n d i t i o n s ,  t h e  
percentago  reduct ion  w i l l  b e  lower (approximately 70 p e r c e n t ) .  

Over 2 v f d g  c -  . u q : e  o f  i n l e t  mass l o a d i n g s ,  a well designed and main- 
t z i n e d  b o ~ h n u s e  ~$1: reduce e n i s s i o n s  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  
c o n c z n t z a t i c n .  
c o n s i s t e n t l y  reduce e m i s s i o n s  t o  less than 0.05 grams p e r  dry  s tandard  c u b i c  
Iiletdr (0.02 grains per dry standard c u b i c  f o o t ) ,  wi th  an average c o n c e n t r a -  
t i o n  o f  0 .015 cldscz  (0.006 $r/dscf).  Under c o n d i t i o n s  o f  moderate t o  h i g h  
u n c o n t r o l l e d  e - i s a i c n  r i 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 

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  

?:inern1 ?roducts  !ndus:t\r 
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I 
t c o n t r o  led 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 -  

ulate emiss ions .  Because baghouses reduce emiss ions  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  c o n c e n t r a t i o n ,  p e r c e n t a g e  emission r e d u c t i o n s  would b e  less f o r  
baghouses on fac i l i t ies  v i t h  a low l e v e l  o f  u n c o n t r o l l e d  emiss ions .  
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SECTION VI 

11.2 .1  UNPAVED ROADS 

11.2.1.1 General  

€ 
I 
I 
1 
1 
I 

Dust plumes t r a i l i n g  behind v e h i c l e s  t r a v e l i n g  OR unpaved roads 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  

familiar s i g h t  i n  r u r a l  a r e a s  o f  the United S t a t e s .  
an unpaved road,  t h e  f o r c e  of  the whet's on t h e  road s u r f a c e  causes  pul -  
v e r i z a t i o n  o f  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 sur face  ' 
t u r b u l e n t  s h e a r  v i t h  t h e  sur face .  'F' t u r b u l e n t  wake behind t h e  v e h i c l e  
cont inues  t o  a c t  on t h e  road s u r f a c e  .er t h e  vehick has passed.  

11.2.1.2 Emissions and C o r r e c t i o n  PaL ieters 

The q u a n t i t y  of d u s t  emiss ions  f om a g iven  segment of unpaved road 
v a r i e s  l i n e a r l y  v i t h  t h e  volume of  t ff ic .  A l s o ,  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  emiss ions  depend on c r r e c t i o n  parameters  (average v e h i c l e  
speed,  average v e h i c l e  weight ,  averat  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 are) 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 s o c i a t r  i v e h i c l e  traffic.''' 

Dust emiss ions  from unpaved roz '; have been found t o  vary  i n  direct  
propor t ion  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  smaller than  75 micrometers 
i n  diameter)  i n  t h e  road s u r f a c e  mat : r i a l *  The s i l t  f r a c t i o n  is d e t e r -  
mined by measuring t h e  proportion of  l o o s e  dry s u r f a c e  d u s t  t h a t  passes a 
200 mesh s c r e e n ,  u s i n g  t h e  ASm-C-136 method. T a b l e  11.2.1-1 summarizes 
measured s i l t  va lues  for 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' 

Industry  Road use  o r  No. o f  t e s t  S i 1  t (%) 
s u r f a c e  m a t e r i a l  samples Range Hean 

I r o n  and s t e e l  
production P l a n t  road 13 4.3 - 13 7.3  

Taconi te  mining and 
process ing  Haul road 12 3.7 - 9.7  5.8 

S e r v i c e  road 6 2.4 - 7 . 1  ' 4 . 3  
Western s u r f a c e  c o a l  

7 m i n i n g  Access road 4. 4.9 - 5.3 5 . 1  
Haul road 21  2.8 - 18 6 . 4  
S c r a p e r  road 10 7.2  - 25 17 
Haul road 5 18 - 29 14 

Rural  roads Gravel  2 -  12 - 13 12 

E 
I 

( f r e s h l y  graded) 

Dirt 1 68 

a References  1-9. 8, 
U - > '  f 0 7  " d  

N is ce 1 13 neo us Sou r c t! s L1.2.1-1 
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The s i l t  c o n t e n t  o €  a r u r a l  d i r t  road w i l l  v a r y . v i t h - l d a t i a n f a a n d  i t  ' *  

should  bo measured. As a c o n s e r v a t i v e  a p p r o x i m a t i o n ,  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 in t h e  a r e a  can  b e  u s e d .  However, t e s t s  show t h a t  road 
s i l t  c o n t e n t .  is normal ly  Lover t h a n  t h e  surrounding  p a r e n t  soil, b e c a u s e  
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 e a g e  of c o a r s e  p a r t i c l e s .  

Unpaved roads  have a hard nonporous surface t h a t  u s u a l l y  d r i e s  q u i c k l y  
The temporary r e d u c t i o n  i n  e m i s s i o n s  b e c a u s e  o f  p r e c i p i -  a f t e r  a r a i n f a l l .  

t a t i o n  may b e  accounted  f o r  b y  n e g l e c t i n g  e m i s s i o n s  ora "wet" days (more 
than 0.254 mm (0.0'1 i n . )  o f  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  E m i s s i o n  F a c t o r  E q u a t i o n s  

The f o l l o w i n g  e m p i r i c a l  e x p r e s s i o n  may b e  used t o  estimate t h e  quae- 
t i t y  o f  size s p e c i f i c  p a r t i c u l a t e  e m i s s i o n s  from an unpaved r o a d ,  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 = e m i s s i o n  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  material (%) 
S = mean v e h i c l e  s p e e d ,  b / h r  (mph) 
W = mean vebicle w e i g h t ,  Hg (tons) 
w = mean number o f  wheels  
p = number o f  days  w i t h  a t  least  0 .254  uxu (0 .01  in.) o f  p r e -  

. c i p i t a t i o n  p e r  year 

The p a r t i c l e  size m u l t i p l i e r  (k) in Equat ion  1 var ies  w i t h  aerodynamic par- 
t i c l e  size range as f o l l o w s :  . 

Aerodynamic P a r t i c l e  S i z e  H 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 

The number o f  wet days  p e r  y e a r  (p) for t h e  g e o g r a p h i c a l  a r e 3  o f  i n -  
t e res t  should  b e  determined from l o c a l  climatic d a t a .  F i g u r e  1 1 . 2 . 1 - 1  
g i v e s  t h e  g e o g r a p h i c a l  d i s t r i b u t i o n  of t h e  mean annual  number o f  wet days 
p e r  y e a r  i n  t h e  United S t a t e s .  

E q u a t i o n  1 r e t a i n s  t h e  a s s i g n e d  q m l i t y  r a t i n g  if a p p l i e d  w i t h i n  t h e  

c ranges  o f  s o u r c e  c o n d i t i o n s  t h a t  were tested i n  deve loping  t h e  e q u a t i o n ,  as  
f o l l o w s :  

11.2.1-2 EMISSION FACTORS 5 / E 3  
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I 
1 
1 
1 
6 
I 
li 
J 
1 

Range of Source  Condit ions  for Equat ion 1 '- O D  - 0  ~ 

Road 
s u r f  ace 

s i l t  Mean v e h i c l e  Mean v e h i c l e  Mean 
c o n t e n t  weight  speed No, of 
(XI % t o n s  km/ h r  w h  wheels 

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  o f  Equat ion  1 a p p l i e d  t o  a s p e c i f i c  
paved road ,  it i s  n e c e s s a r y  that  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  
the specific 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  

un- 
f o r  
pro-  

cedu&s f o r  determining road s u r f a c e  s i l t  c o n t e n t  are g iven  i n  R e f e r e n c e  4 .  
In t h e  event that s i t e  s p e c i f i c  values 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 values from T a b l e  11.2.1-1 may be used ,  but  
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. 

Equat ion  1 was developed f o r  c a l c u l a t i o n  o f  annual  average 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 annual  s o u r c e  e x t e n t  i n  v e h i c l e  d i s t a n c e  
t r a v e l e d  (MT).  Annual average v a l u e s  for e a c h  of t h e  c o r r e c t i o n  param- 
eters are t o  b e  s u b s t i t u t e d  i n t o  t h e  equat ion .  Worst case e m i s s i o n s ,  cor- 
responding t o  dry 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 ir 
Equat ion  1 (which i s  e q u i v a l e n t  t o  dropping t h e  Last term from t h e  equa- 
t i o n ) .  A separate set  o f  n o n c l i m a t i c  c o r r e c t i o n  parameters and a h i g h e r  
than  normal VDT va lue  may a l s o  be j u s t i f i e d  f o r  t h e  worst c a s e  averaging  
p e r i o d  ( u s u a l l y  24  hours) .  S i m i l a r l y ,  t o  c a l c u l a t e  emiss ions  f o r  a 91  day 
season  of  t h e  y e a r  us ing  Equat ion 1 ,  r e p l a c e  t h e  term (365-p\!365 with the 
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 .  A l so ,  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  
parameters  and f o r  MT. 

11 .2 .1 .4  Contro l  Hethods 

Comon c o n t r o l  techniques  f o r  unpaved roads a r e  paving ,  s u r f a c e  t r e a t -  
ing with p e n e t r a t i o n  c h e m i c a l s ,  working soil s t a b i l i z a t i o n  chemicals  into 
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,  B S  a ccn-  
t r o l  t e c h n i q u e ,  is o f t e n  not  economical ly  p r a c t i c a l .  S u r f a c e  chemical  
t rea tment  and water ing can be  accomplished wi th  moderate t o  low c o s t s ,  b u t  
f r e q u e n t  re t rea tments  a r e  required .  T r a f f i c  c o n t r o l s  such a s  s p e d  l i n i t s  
and t r a f f i c  volume r e s t r i c t i o n s  provide moderate emission reducEions b u t  
may be  d i f f i c u l t  t o  e n f o r c e .  T a b l e  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  o f  t h e  fre2ae3cy 
o f  t rea tments  required, i s  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 oad s  2nd 1s c 

e f f e c t i v e l y  used only  where water and water ing  equipment a r e  a v c i i z > i e  :,:{. 

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 l o n  :oc~::-:.. c- 
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TABLE 11.2.1-3 e CONTROL tfETHODS FOR UNPAVED ROADS" 

C o n t r o l  method 

Approximate 
control 

e f f i c i e n c y  
(%I 

P a v i n g  
T r e a t i n g  s u r f a c e  w i t h  p e n e t r a t i u g  

Working s o i l  s t a b i l i z i n g  c h e m i c a l s  

Speed c o n t r o l  

c h e m i c a l s  

i n t o  roadbeg 

48 kph (30 mph) 
32 kph (20 mph) ' 

24 kph (15 mph) 

85 

50 

50 

25 
50 
63 

~~ ~ 

a Based on t h e  assumption t h a t  " u n c o n t r o l l e d "  speed i s  
typical ly  64 kph (40 mph). 
(13 and 40 mph), e m i s s i o n s  a r e  l i n e a r l y  p r o p o r t i o n a l  
t o  v e h i c l e  speed (see E q u a t i o n  1 ) .  

Between 21 and 64 kph 
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SECTION VI1 
-. 

11.2.6 INDUSTRIAL PAVED ROADS 

11.2.6.1 General 

Various f i e ld  s t u d i e s  have i n d i c a t e d  t h a t  dust  emiss ions  from indus- 
t r i a l  paved roads a r e  a major cotnponent of atmospheric  p a r t i c u l a t e  matter 
in t h e  v i c i n i t y  of i n d u s t r i a l  o p e r a t i o n s .  
found t o  c o n s i s t  p r i m a r i l y  of mineral matter, most ly  t r a c k e d  o r  depos i ted  
onto  t h e  roadway by v e h i c l e  traff ic  i tse l f  when v e h i c l e s  enter from an UIP- 
paved a r e a  o r  t r a v e l  on t h e  shoulder  of  t h e  r o a d ,  o r  when material is 
s p i l l e d  onto t h e  paved s u r f a c e  from haul  t r u c k  t r a f f i c .  

I n d u s t r i a l  t r a f f i c  dust  has been 

11.2.6.2 Emissions and C o r r e c t i o n  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 ob paved road var- 
ies l i n e a r l y  with t h e  volume of traffic.  I n  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  emiss ions  depend on c o r r e c t i o n  parameters  (road s u r f a c e  
s i l t  c o n t e n t ,  sur face  dust  loading and average  v e h i c l e  weight)  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 .  1-2 

Dust emissions from i n d u s t r i a l  paved roads have been found t o  vary i n  
direct  proport ion t o  t h e  f r a c t i o n  o f  s i l t  ( p a r t i c l e s  < 75 pm i n  diameter)  
i n  t h e  road sur face  The s i l t  f r a c t i o n  i s  determined by mea- 
s u r i n g  t h e  propor t ion  of  l o o s e  dry  s u r f a c e  d u s t  t h a t  p a s s e s  a 200 mesh 
screen, using t h e  ASTH-C-136 method. I n  a d d i t i o n ,  it has also been found 
t h a t  emiss ions  vary i n  d i r e c t  propor t ion  t o  t h e  s u r f a c e  dust  loading . lD2  
The road sur face  d u s t  loading i s  t h a t  l o o s e  material which can be  c o l l e c t e d  
by vacuuming and broom sweeping the t r a v e l e d  p o r t i o n  of t h e  paved road. 
T a b l e  11.2.6-1 summarizes measured s i l t  and loading  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 P h V S a  

S i 1  t (X) Loading 
Trave l  Range Hean 

Industry  lanes  Range Mean kg/km lb/mi kg/km l b / m i  

I r o n  and 
s tee1 
product ion 2 1.1 - 13 . 5 . 9  18 - 4,800 65 - 17,000 760 2,700 

~~~~ ~ ~ ___ 

a 
R e f e r e n c e s  1 - 3 .  Based on nine  t e s t  samples.  

5 / 3 3  Miscel laneous Sources 
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11.2.6.3 P r e d i c t i v e  E m i s s i o n  F a c t o r  E q u a t i o n  -- 
The q u a n t i t y  o f  p a r t i c u l a t e  e m i s s i o n s  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 

dry  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 a v e l e d ,  may be  e s t i m t e d ,  
w i t h  a r a t i n g  o f  B or D (see b e l o w ) ,  using  t h e  f o l l o w i n g  e m p i r i c a l  expres- 
s i o n :  

c' 

where: E = e m i s s i o n  f a c t o r  
k = par t i c le  s ize m u l t i p l i e r  ( d i m e n s i o n l e s s )  (see below) 
I = i n d u s t r i a l  augmentat ion f a c t o r  ( d i m e n s i o n l e s s )  (see below) 
n = number of t r a f f i c  l a n e s  
s = surface m a t e r i a l  s i l t  c o n t e n t  (X) 
E = surface d u s t  l o a d i n g ,  kg/km ( lb / rn i le )  (see below) 
W =  a v e r a g e  v e h i c l e  w e i g h t ,  klg ( t o n s )  

The p a r t i c l e  s i z e  m u l t i p l e t  (k) above varies with aerodynamic size range as 
f0lPows : 

Aerodynamic P a r t i c l e  Size M u l t i p l i e r  (k) 
f o r  Equat ion  1 

0.86 0.64 0.51 0.32 0.17 

To determine  p a r t i c u l a t e  e m i s s i o n s  € o r  a s p e c i f i c  p a r t i c l e  s ize  r a n g e ,  use  
t h e  a p p r o p r i a t e  v a l u e  o f  k shown above.  

The i n d u s t r i a l  road augmentat 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  
a c c o u n t  h i g h e r  e m i s s i o n s  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 w i t h  unpaved s h o u l d e r s .  I = 1.0  for 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 .  
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  for 
paved roads a t  a c e r t a i n  i n d u s t r i a l  f a c i l i t y .  

A v a l u e  o f  I between 1 . 0  and 

The equat ion  r e t a i n s  ihe q u a l i t y  r a t i n g  o f  B i f  a p p l i e d  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  ( I  = 1.0)  and i f  a p p l i e d  w i t h i n  the 
range  o f  s o u r c e  c o n d i t i o n s  t h a t  were tested i n  deve loping  t h e  e q u a t i o n  a s  
f o l l o w s :  

11.2.6- 2 5/83 
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Silt 
con t e n t  

(XI 
S u r f a c e  l o a d i n g  No. of 

k g / h  lb /mi  1 e l a n e s  
V e h i c l e  weight  
Mg t o n s  

5.1 - 92 42.0 - 2,000 149 - 7,100 2 - 4  2.7 - 12 3 - 13 
If I > 1 . 0 ,  t h e  r a t i n g  o f  t h e  e q u a t i o n  drops t o  D b e c a u s e  of t h e  a r b i t r a r i -  
n e s s  i n  t h e  g u i d e l i n e s  for e s t i m a t i n g  I .  

A l s o ,  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  ob E q u a t i o n  1 a p p l i e d  t o  a spe* 
cific i n d u s t r i a l  paved r o a d ,  i t  is 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  pa-  
rameter  v a l u e s  for t h e  specif ic  road in 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  procedures  for determining  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 o a d i n g  are  g i v e n  in R e f e r e n c e  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  for c o r r e c t i o n  parameters  cannot  b e  o b b 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 .6 -1  may b e  u s e d ,  b u t  t h e  q u a l i t y  r a t i n g s  of t h e  
e q u a t i o n  are reduced by one l e v e l .  

R e f e r e n c e s  for S e c t i o n  1 1 . 2 . 6  

1. R. Bohn, e t  a l . ,  F u g i t i v e  Emiss ions  from I n t e g r a t e d  Iron and S t e e l  
P l a n t s ,  EPA-600/2-78-050, U .  S .  Environmental  P r o t e c t i o n  Agency, 
R e s e a r c h  T r i a n g l e  P a r k ,  Ne, March 1978. 

2.  C. Cowherd, J r . ,  e t  a l . ,  Iron and S t e e l  P l a n t  Open Dust Source Fugi- 
t i v e  E m i s s i o n  E v a l u a t i o n .  EPA-600/2-79-103, U. S .  Environmenta l  Pro- 
t e c t i o n  Agency, R e s e a r c h ’ T r i a n g l e ’  P a r k ,  NC,‘ Hay 1979. 

3. R. Bohn, E v a l u a t i o n  o f  Open Dust S o u r c e s  i n  t h e  V i c i n i t y  o f  Buffalo, 
New York, U .  S.  Environmenta l  P r o t e c t i o n  Agency,  New York, NY, March 
1 9 7 9 .  
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11.2.3 AGGREGATE HANDLING AND STORAGE PILES 

11.2.3.1 Genera l  

I n h e r e n t  i n  o p e r a t i o n s  that use  m i n e r a l s  i n  aggregate form i s  t h e  
maintenance of  outdoor  s t o r a g e  piles.  S t o r a g e  p i les  are u s u a l l y  l e f t  un- 
c o v e r e d ,  p a r t i a l l y  b e c a u s e  of t h e  need for 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  o f  s t o r a g e .  

Dust e m i s s i o n s  o c c u r  a t  several p o i n t s  i n  t h e  s t o r a g e  cycle,  d u r i n g  
m a t e r i a l  l o a d i n g  o n t o  t h e  p i l e ,  dur 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  l o a d o u t  from t h e  p i l e .  
i n g  equipment i n  t h e  s t o r a g e  p i l e  a r e a  i s  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  . 
11.2.3.2 Emissions and C o r r e c t i o n  Parameters  

The movement of t r u c k s  and load-  

P 

The q u a n t i t y  of d u s t  e m i s s i o n s  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 a g g r e g a t e  p a s s i n g  through t h e  s t o r a g e  cycle. A l s o ,  
e m i s s i o n s  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 :  age  of  t h e  p i l e ,  m o i s t u r e  conten:  axd  
p r o p o r t i o n  of aggregate f i n e s .  

When f r e s h l y  p r o c e s s e d  a g g r e g a t e  i s  loaded onto a s t o r a g e  p i l e ,  its 
p o t e n t i a l  f o r  d u s t  e m i s s i o n s  i s  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 -  
g a t e d  and r e l e a s e d  t o  t h e  atmosphere upon exposure  t o  a i r  c u r r e n t s  f rom 2:- 

g r e g a t e  t r a n s f e r  i t s e l f  O K  high winds. As the a g g r e g a t e  w e a t h e r s ,  hcw- 
ever, p o t e n t i a l  for d u s t  e m i s s i o n s  is g r e a t l y  reduced.  Y o i s t u r e  c a u s e s  ag-  
g r e g a t i o n  and c e m e n t a t i o a  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 l e ,  and t h e  drying 
p r o c e s s  i s  very slow. 

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  e m i s s i o n s  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  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  a g g r e g a t e  m a t e r i a l . '  The s i l t  c o n t e n t  is ae- 
termined 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  passe: 
through a 200 mesh s c r e e n ,  u s i n g  ASTM-C-136 method. T a b l e  11 .2 .3-1  suI;sa- 
rizes measured s i l t  and m o i s t u r e  v a l u e s  for i n d u s t r i a l  a g g r e g a t e  r n a t e r i h l s .  

11.2.3.3 P r e d i c t i v e  Emiss ion  F a c t o r  Equat ions  

T o t a l  d u s t  e m i s s i o n s  from a g g r e g a t e  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 f  

1 .  Loading of a g g r e g a t e  onto  s t o r a g e  p i l e s  ( b a t c h  or cont inuous  Lr:.? 
o p e r a t i o n s ) .  

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  o f  p i l e  s u r f a c e s  and ground a r e a s  around p i i . . s .  
4. Loadout of a g g r e g a t e  for shipment o r  for r e t u r n  t o  the F C C ~ ~ ' ~ :  

s e v e r a l  d i s t i n c t  s o u r c e  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  cycle :  

s t r e a m  ( b a t c h  o r  cont inuous drop o p e r a t i o n s ) .  

. .  5!93 ! l i s ce l laneous  S o u r c e s  - -  - 
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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 -  

v o l v e s  dropping t h e  m a t e r i a l  onto  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  loading  o u t  from t h e  p i l e  t o  a t r u c k  w i t h  a front.  enl l o a d e r  
a r e  examples o f  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  is an example o f  a cont inuous  drop o p e r a t i o n .  

The q u a n t i t y  o f  p a r t i c u l a t e  e m i s s i o n s  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  o f  material 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  of 
C ,  u s i n g  the f o l l o w i n g  e m p i r i c a l  e x p r e s s i o n *  : 

E = k(0.0018) (lb/ t o n )  
($ (9"'" 

where: E = e m i s s i o n  f a c t o r  
k = p a r t i c l e  s i t e  m u l t i p l e r  ( d i m e n s i o n l e s s )  
s = material 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 (ft) 
M = m a t e r i a l  mois ture  c o n t e n t  (%> 
Y = dumping d e v i c e  c a p a c i t y ,  m3 (yds) 

The p a r t i c l e  size m u l t i p l e r  (k) f o r  Equat ion  1 v a r i e s  w i t h  aerodynamic par -  
t i c l e  s ize ,  shown i n  T a b l e  11.2.3-2. 

TABLE 11.2.3-2. AERODYNAMIC PARTICLE SIZE 
MULTIPLIER (k) FOR 
EQUATIONS 1 AND 2 

Batch  drop 0 . 7 3  0.48 0 .36  0 . 2 3  0,13 

Continuous 
drop 0.77 0.49 0 . 3 7  c.21 0.11  

The q u a n t i t y  of p a r t i c u l a t e  e m i s s i o n s  generated  by a cont inuous drop 
o p e r a t i o n ,  p e r  ton of m a t e r i a l  t r a n s f e r r e d ,  m y  br  estirnzted, w i t h  a r a t i n g  
o f  C ,  us ing  the f o l l o w i n g  e m p i r i c a l  e x p r e s s i o n " :  

51 93 ?I i s c e 1 1 a neo u s So 1 1  r c 2 :: 
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S i l t  Moisture  
Equat ion c o n t e n t  c o n t e n t  

(XI (%> 

where: E e m i s s i o n  f a c t o r  
le = p a r t i c l e  s ize m u l t i p l i e r  (d imens ionless )  
s = material s i l t  c o n t e n t  (X) 
U = mean wind speed, m/s (mph) 
M = drop h e i g h t ,  m (ft) 
M = material mois ture  c o n t e n t  (%I 

The particle size m u l t i p l i e r  (k) for Equat ion 2 varies wi th  aerodynamic 
p a r t i c l e  s ize,  ES shown in T a b l e  11.2.3-2. 

Equat ions  1 and 2 reta ir  the a s s i g n e d  q u a l i t y  r a t i n g  if a p p l i e d  w i t h i e  
t h e  ranges o f  source c o n d i t i o n s  t h a t  were tested i n  developing the equa- 
t i o n s ,  as g iven  in T a b l e  11.2.3-3. A l s o ,  t o  retain t h e  quality r a t i n g s  o f  
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  n e c e s s a r y  t h a t  x?i- 
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  s o u r c e s  o f  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  for aggregate  sampling a r e  g iven  
i n  Reference  3. In t h e  event  t h a t  s i t e  s p e c i f i c  v a l u e s  for 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 v a l u e s  from T a b l e  
11.2.3-1 may b e  used ,  b u t  in that case, t h e  q u a l i t y  r a t i n g s  of t h e  equa- 
t i o n s  a r e  reduced b y  one level.  

TABLE 11.2.3-3. RANGES OF SOURCE CONDITIONS FOR 
EQUATIONS 1 AND 2a 

Dumping c a p a c i t y  
m3 Ydd 

Drop hei ph t 
m f t  

Batch drop 1.3 - 7.3 0.25 - 0.70 2.10 - 7.6 2.75 - 10 NA NA 

Continuous 
1.5 - 12 4.8 - 39 drop 1.4 - 19 0.64 - 4.8  NA NA 

a 
NA = n o t  a p p l i c a b l e .  

F o r  emiss ions  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- 
er s ,  e t c . )  t r a v e l i c g  between o r  on p i l e s ,  it is recommended t h a t  the equa- 
tions 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 used ( s e e  S e c t i o n  11.2.1). 
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  va lue(s1  f o r  t h e  a r e a s  

11.2.3-4 EMISSION FACTORS 5 / 8 3  
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8 
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 )  should be used. 1.8 \ 

F o r  e m i s s i o n s  from wind e r o s i o n  o f  a c t i v e  s t o r a g e  p i l e s ,  t h e  f o l l o w i n g  
t o t a l  suspended p a r t i c u i a t e  (TSP) e m i s s i o n  f a c t o r  e q u a t i o n  is  recommended: 

E = 1.9 (&) (w) (A) 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  of a g g r e g a t e  (X) 
p = number o f  days w i t h  3 0.25 mm (0 .01  i n . )  o f  p r e c i p i t a t i o n  

f = p e r c e n t a g e  of time t h a t  t h e  u n o b s t r u c t e d  wind speed ex- 
p e r  y e a r  

ceeds  5.4 m/s ( 1 2  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  E q u a t i o n  3 i s  t a k e n  from R e f e r e n c e  1, based on sam- 
p l i n g  o f  e m i s s i o n s  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  dur ing  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 ,  e x p r e s s e d  i n  mass per 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  e x p r e s s e d  i n  mass p e r  u n i t  mass o f  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 
h a l v e d  t o  a d j u s t  f o r  t h e  e s t i m a t e  t r i a t  t h e  wind speed through t h e  emiss ion  
l a y e r  a t  t h e  t e s t  s i t e  was one half of t h e  v a l u e  measured above t h e  top o f  
the p i l e s .  The o t h e r  terms i n  this e q u a t i o n  were added t o  c o r r e c t  f o r  
s i l t ,  p r e c i p i t a t i o n  and frequency of  h igh  winds ,  a s  d i s c u s s e d  i n  Refer- 
e n c e  2.  E q u a t i o n  3 is r a t e d  C f o r  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  indus:ries .  

8 

1 
1 
1 
1 
I 
I 
8,; 

E. 
Worst  c a s e  emiss ions  from s t o r a g e  p i l e  a r e a s  o c c u r  under dry windy 

c o n d i t i o n s .  Worst  case e m i s s i o n s  from m a t e r i a l s  handl ing  ( b a t c h  and con- 
t i n u o u s  drop) 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  Equat ions  1 
and 2 a p p r o p r i a t e  v a l u e s  f o r  a g g r e g a t e  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 dur ing  the wors t  c a s e  a v e r a g i n g  p e r i o d ,  u s u a l l y  
2 4  hours .  The t r e a t m e n t  o f  dry 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  
1 1 . 2 . 1 )  and f o r  wind e r o s i o n  (Eat iat ion 3 ) ,  c e n t e r i n g  around parameter  p ,  
follows the methadology descri’Jed in 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  
o f  q o n c l i m a t i c  c o r r e c t i o n  parameters  and s o u r c e  e x t e n t  v a l u e s  corresponding  
t o  h i g h e r  than  nornal  s t o r a g e  p i l e  a c t i v i t y  may be j u s t i f i e d  f o r  t h e  worst 
c a s e  a v e r a g i n g  p e r i o d .  

1 1 . 2 . 3 . 4  C o n t r o l  Methods 

Watering and chemica l  wetcing 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  o f  a g g r e g a t e  s t o r a q o  p i l e  e m i s s i o n s .  E n c l o s u r e  or c o v e r i n g  o f  i n -  
a c t i v e  p i l e s  t o  reduce w i z ?  nrczir?n can also reduce e m i s s i o n s .  Watering i s  
useful mainly  t o  reduce e ~ : s ~ ; c : i s  f r om  v e h i c l e  t r a f l i c  i n  t h e  s t o r a g e  p i l e  
a r e a .  Watering o f  t h e  s ~ c . r ~ i ~ e  p i i e s  themselves  t y p i c s l l y  has only a very 
temporary s l i g h t  e f f e c t  0:: :::;I erziss ions.  A much mor- e f f e c t i v e  t e c h -  
nique is t o  apply chemica! -S-::R~ ~ e e n t s  f o r  b e t t e r  w e t t i n g  of f i n e s  and 

11.2.3-5 \ L -  I 5/33 . c :  ; L l i : ~ ~ o u s  S o u r c e s  



,- 4.  

longer retention o f  the moisture film. Continuous "'chemical ireiiment of ' 

material loaded onto piles, coupled with watering or teeatment of roadways, 
can reduce total [articulate emissions from aggregate storage operations by 
up to 90 percent. 
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SECTION V I 1 1  

AGGREGATE " D L I N G  AND STORAGE PILES 

When determining par t i c le  s i z e  d i s t r i b u t i o n  f 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 f t i p l i e r s  o r  p r o p o r t i o n s  g i v e n  % o r  b a t c h  drop i n  tRis s e c t i o n .  

F o r  purposes of e s t i m a t i n g  average p i l e  s i z e s  we w i l l  u s e  a c a p a c i t y  
f a c t o r  o f  2 f o r  c o a l  and 6 % 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  
conf igurat ion.  ( S e e  September 3 0 ,  1 9 8 1  Compilation o f  Emiss ion F a c t o r s  if 
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 ize  d e t e r m i n a t i o n s  ate needed). T h e r e f o r e ,  u s e  
t h e  fol 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 o f  Material S t o c k p i l e d  ( t o n s )  Surface  k e a  o f  P i l e  (Acres) 
Soil or Sand/Gravel Coal  

1,000 
5 9 000 

l 0 , O O O  
50 * 000 

100 > 000 

1 > 6oo,ouo 

500,000 
7 X , O O G  

-45 - 

0.22 
0 . 6 4  
1.02 
3 .0  
4.74 

13.9 
18.2 
22.0 

0.11 
0 .31  
0.49 
1.43 
2.28 
6.7 
8.7 

10.5 



APPENDIX A 

I <30 (15 < l o  (5 

I 1.0 .43  .28 .10 
1 

PARTICLE SIZE DISTRIBUTIONS 

We recommend t h e  f o l l o w i n g  procedures  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. F o r  example, where e m i s s i o n  f a c t o r s  
are given f o r  <30 and < l o  t h a t  do n o t  correspond t o  t h e  m u l t i p l i e r ,  and you 
need t o  determine < 1 5 ,  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 :  

I 

(2.5 

02 5 

Given: <30 = PO I b / t o n  <3 .Q 
M u l t i p P i e r s  

I au t 
(10 = 1 I b / t o n  0.8 0.45 I 

Using t h e  given 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  particulates should 
be t o  %o = 12.5  and t h e r e f o r e  < l o  5 12.5  X .45 = 5.6 # P 

.8 

However < 1 Q  is a g i v e n  f a c t o r  and we must u s e .  T h e r e f o r e ,  t o  determine 

/ \ 
<15 c a l c u l a t e  as f o l l o w s :  

only  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 = 8-57 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 :  8 
Emission F a c t o r  <30  um <15 um <10 um <5 um 4 . 5  um I 

1 
1 
1 
I) 

I 
I 
U 
I 
i 

B a t c h  Drop .73 .48  .36 .23 .13  

Continuous Drop 0 77 .49 .37 23 .ll 

Unpaved Roadd .80 .57 .45 .28 . 1 6  

Paved Roads .86 .64 .51  .32 .17 

Average s .79 .54 . 4 2  26 .14 
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APPENDIX B 
CONTROL EFFICIENCIES 

Ac t i v i  t y Me thodology  E f f i c i e n c y  9: 

Material Removal None practical  N/A 

Material P lacement  None p r a c t i c a l  N/A 

S t o r a g e  o f  m a t e r i a l s / e x p o s e d  areas Chemica l  s u p p r e s a n t s  
Mulch 

Wind b r e a k s = h t .  o f  p i l e  
Wind b r e a k s  < h t  o f  p i l e  
Adequate  w a t e r i n g  

Water as needed 
C h e m i c a l / v e g e t a t i v e  

s ta b i l  i z a  t i  on 
P o r t a b l e  s c r e e n  f e n c e  

Complete e n c l o s u r e  
P a 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  emissions) Rapid R e v e g e t a t i o n  

(dependent  on l o c a t i o n  h met. 
c o n d i t i o n s )  

O i l i n g  

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  9 0  ( 5  6 11) 
Water I n j e c t i o n  75 (5  & 11) 

75 (5 )  Cyclone  c o l l e c t o r  

B l a s t i n g  None p r a c t i c e d  N / A  

Loadou t s N e g a t i v e  p r e s s u r e  w/ 85 

Chemica l  s u p p r e s a n t s  85 
E n c l o s e d  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/water s p r a y  7 5  

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  2 5  
Ladder a0 

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 ( 7 )  

T o t a l l y  e n c l o s e d  w/water 9 9  (5 )  
T o t a l l y  e n c l o s e d  a5  (5 )  
P a r t i a l l y  e n c l o s e d  w/water 9 9  (5) 
P a r t i a l l y  e n c l o s e d  70 ( 7 )  
Chemical  s u p p r e s s a n t s  85 . ( 5 )  
Water s p r a y  70 ( 7) 

p r e s s u r e  w/baghouse 
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Processing Chemical suppressants 85 ( 6 )  
Water spraylnultiple 7 5  (5) 

Water spray 50 (8) 
nozzles 

See Table A-2 for  additional controls  

Unpaved Woads See Section on Unpaved Roads 
Paving w/frequent sweep or 99 (5) 

Paving w/infrequent dean-  85 (5) 

Soi l  s t a b i l i z e r  forming 80 (5) 

Surface chemical treatment 75 (5) 
Frequent watering 50 (12) 
Water as needed 25 (5) 
Gravel 50 (5)  
Oiling 7 0  ( 5) 

flush 

UP 

6 m S  6 



Table A-2. OlSTRlBUTlON BY PARTICLE SIZE OF AVERAGE COLLECTION EFFlClENCIES 
FOR VARIOUS PARTICULATE CONTROL EQUIPMENTaeb 

100 
I O 0  
100 
100 

~~ 

Type of collector 

100 
100 
100 
100 

Baffled settling chamber 
Simple cyclone 

. Long-cone cyclone 
Multiple cyclone 

( 12-in, diameter] 
Multiple cyclone 

(6-in, diameter) 
Irrigated longcone 

cyclone 
Electrostatic 

precipitator 
Irrigated electrostatic 

precipitator 
Spray tower 
Seif-induced spray 

scntbber 
Disintegrator scrubber 
Venturi scntbber 
Wet-impingement scrubber 
Baghouse 

Particle size 
range, pm 

Oto 5 
5 to 10 

10 to 20 
28 to 44 
> 44 

2/72 

Percent 
by weight 

20 
10 
15 
20 
35 

Efficiency, % 
Particle size range, 

Ot05 1 St010 I l O t Q 2 0  Overall 

58.6 
65.3 
84.2 
74.2 

93.8 

91 .o 

97 .o 
99.0 

94.5 
93.6 

98.5 
99.5 
97.9 
99.7 

7.5 
12 
40 
25 

63 

63 

72 

97 

90 
85 

93 
99 
96 
99.5 

22 
33 
79 
54 

95 

93 

94.5 

99 

96 
96 

98 
99.5 
98.5 

100 

43 
57 
9% 
74 

98 

96 

97 

99.5 

98 
98 

99 
'100 
99 

100 

EMISSION FACI'ORS 
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D 
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II 
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APPENDIX C 

USEFUL WEIGHTS AND MEASURES (AVERAGES AND RANGES) 

Cement 

Concrete 

Coal (Bituminous)  

Coal (B i tuminous)  

G r a v e l ,  d r y  packed 

G r a v e l ,  wet 

Sand, g r a v e l  ( d r y ,  l o o s e )  

Top s o i l  

Top s o i  I 

Over bur den 

UraRiurr! o r e  

Fack  ( 5roken) 

Average depth of  t o p s o i l  

Average depth o f  overburden 

Scraper 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 z z l y  capaci t y  

R a i l  car c a p a c i t y  

Convevor c a p a c i t y  

-50- 

1 Yd3 = 2500 $be 

1 gd3 = 400 1b. 

l. f t 3  = 47-50 %be 

1 yd3 = . 6 3 5  - .675 t o n  

1 f t 3  100-120  I b .  

% f t 3  * 126 Ib. 

1 f t 3  = 90-105 Pb. 

1 f t 3  = If% 1b .  ( 1 3 )  

1 yd3 = 1.5 t o n  ( 1 3 )  

1 yd3 = %,3 t o n  ( 4 )  

1 yd3 = 1.5  t o n  ( 1 4 )  

1 yd3 = 1 . 3 5  t o n  ( 1 4 )  

1.5 ft. (15) 

120 f t .  (as  much as 3 0 0 0  f t )  (15)  

2 5  yd3 ( 5 )  

30-200 yd3 ( 4 )  

10-20 yd3 (5) (as much as 200 t o n )  

5-8 yd3 ( 1 6 )  (as  much as 4 0  yd3) 

2.5-8  yd3 ( 1 4 )  (as  much as  2 0  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 )  
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APPENDIX E 

ADDITIONAL FACTORS 

i - 

I 

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 I 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 

e m o l i t i o n  = 2 1 b / t o n  Assume yd3 of d e b r i s  = 31.5 t o n  ( 5 )  

I 

I 
I 1 
kand B l a s t i n g  = 0.1 l b / f t 2  (5) or 4.1% by weight of b l a s t e d  a b r a s i v e  f o r  sand,  i 1.0% for s l a g  and 0.7% f o r  steel s h o t .  ( 1 9 )  
I 
! 

F e e d l o t s  = 
! 

> 1 0 0 , 0 0 0  head = 1.9 t o n / 1 0 0 0  head/yr.  (8) 
10,000-100,000 = 3.5 t o d l 0 0 0  head/yr.  

1,000-10,000 = 4.6 ton/1000 head/yr.  
il00 * 7.3 t o n / 1 0 0 0  head/yr=  
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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. 

A32 DISPERSION CALCULATIONS 

Turner’s X/Q model is expressed as follows: 

Q 
Concentration (urn3) = 

x =y 0, u 

Q 

OY 

2 = Average wind speed, m/s 

= 

= Horizontal dispersion coefficient, (m) 
= Vertical dispersion coefficient, (m) 

Emission rate of PC at source, (g/s or pCi/s) 
3.14 - x 

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

parameters: 
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1. concentration of a particular PC in the soil being disturbed by an 
activity; 

2. fugitive dust emission factor for the activity (or complete volatilization 
for VOCs); and 

3. duration of the activity. 

An example calculation of Q is as follows. 

Assume: 

PC exists at 1 ppm in soil being disturbed; 

dust model predicts an emission of 
0.5 kg soiVl Mg soil disturbed; 

0 activity duration of 10 hours (36,ooOS); and 

0 total soil disturbed over duration of activity is 10 Mg. 

Therefore: 

1.4E-’7 g P C d t k d  - - 05 kg soil 10 Mg Sod Disturbed lg PC 

1 Mg Soil Disturbed 3 6 7 -  1,Ooo kg soil S 

Q -  X X 

ay and a, can be determined as a function of distance between the source of 

contamination and the receptor (see Attachment A.3.1). In modeling dispersions 

from activities at €UT, four distances were derived based on the expected areas of 

activity (Zones A, By and C and Operable Unit 3). These distances were made 

conservative by assuming the center of activity for each of the zones is located at the 

zone’s boundary nearest to the off-site receptor where it intersects the wind vector 

leading to the receptor. The wind vector along which dispersion modeling was 

performed represents the most common wind direction at the RFP. The distance to 
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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 u, values. 

TABLE A3-1 

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(4.5) + 031q8.0) + 0.219(13) + 0.070 (18.5) + 0.059 (21) 

= 9.2 knots (4.7 14s) 

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 thk model is 

detailed for Zones A, B, and C and Operable Unit 3 in Attachments k3.3, A.3.4, 
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A.3.5, and k3.6, respectively. These attachments are spreadsheets developed to 

calculate dust emission factors, dose intakes, risks and soil threshold levels for each 

of the identified activities. 

Turner, D.B., 1967. Workbook of Atmospheric Dispersion Estimates, Public Health 
Service, Publication 999-AI?-26, Cincinnati, Ohio: Robert A. Taft Sanitary 
Engineering Center. 
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A'ITACHMENT A3.1 
as and a, 
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coefficient as a function of downwind distance from the source. 
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ROCKY FLATS METEOROLOGICAL MONITORING STATION 
60 METER TOWER 

JANUARY 1, 1990 - DECEMBER 31, 1990 

1 WIND FREQUENCY DISTRIBUTION BY PERCENT - STABILITY CLASS A 

N 
"E 

ENE 
E 
ESE 
SE 
SSE 

I :sw 
sw 
wsw 

h N w  

C3.0 

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 

---- 

10 METER LEVEL 

WIND SPEED CLASSES (KNOTS) 
3.0- 6.0- 10.0- 16.0- 
<6.0 <10.0 <16,0 <21.0 z21.0 

2.1 
3.7 
3.8 
3.8 
5.8 
3.5 
2.1 

.6  

.6 

.o 

.4 

.o 

.1 

.1 

.4 

.5 
27.5 

.o 

.o 
00 
.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 

.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 

100.00 

----e 

TOTAL* * 
.33 
.49 
.56 
.48 
.89 
.49 
.42 
.19 
.16 
.07 
.03 
.04 
.03 
.05 
.09 
.12 

4 . 4 3  

----- 

CALMS ARE DISTRIBUTED AS PER NCDC STAR DECK PROCEDURES I 
* TOTAL PERCENT FOR THIS STABILITY CLASS 
** TOTAL PERCENT RELATIVE TO ALL STABILITY CLASSES E 
TOTAL NUMBER OF INVALID OBSERVATIONS IN THIS STABILITY CLASS = 1 
TOTAL NUMBER OF VALID OBSERVATIONS IN THIS STABILITY CLASS = 811 

1 
1 
I 
I 
I 



ROCKY FLATS METEOROLOGICAL MONITORING STATION 
60 METER TOWER 

JANUARY 1, 1990 - DECEMBER 31, 1990 

WIND FREQUENCY DISTRIBUTION BY PERCENT - STABILITY CLASS B 

WIND 1 DIRECTION 

ENE 

'& &E 
SE 
SSE 

ssw 
sw 

i s  

1 rw 
WNW 

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 

10 METER LEVEL 

WIND SPEED CLASSES (KNOTS) 
3.0- 6.0- 10.0- 16.0- 
<6.0 <10.0 c16.0 C21.0 221.0 

3.9 .2 .o .o .o 
5.7 .5 .o .o .o 
12.0 .o 90 .o .o 
9.3 .o 90 .o .o 
15.9 .o .o .o .o 
10.9 .2 90 .o .o 
3.6 .2 .o .o .o 
2.3 90 .o .o .o 
.7 92 .o .o .o 

1.1 .o .o .o .o 
.2 92 .o .o .o 
.o .o .o .o .o 
.o .2 .o .o .o 
.2 . 5  .o .o .o 
.7 .o .o .o .o 

1.1 . 5  .o .o .o 
67.6 2.7 .o .Q  .o 

---- -e-- ---- --e- ---- CLASS* 

5.62 
8.89 
15.24 
13.13 
19.92 
15.46 
6.79 
2.81 
2.5'7 
2.11 
.93 
.70 
.93 

1.39 
1.17 
2.33 

100.00 

----- 

fi CALMS ARE DISTRIBUTED AS PER NCDC STAR DECK PROCEDURES 
1' * TOTAL PERCENT FOR THIS STABILITY CLASS 

** TOTAL PERCENT RELATIVE TO ALL STABILITY CLASSES 

TOTAL* * 
.14 
-21 
0 37 
.32 
.48 
.37 
.16 
.07 
e 06 
.05 
.02 
.02 
e 02 
.03 
* 03 
.06 

2.41 

----- 

TOTAL NUMBER OF INVALID OBSERVATIONS IN THIS STABILITY CLASS = 0 
TOTAL NUMBER OF VALID OBSERVATIONS IN THIS STABILITY CLASS = 441 

I 
I 



ROCKY FLATS METEOROLOGICAL MONITORING STATION 
60 METER TOWER 

JANUARY 1, 1990 - DECEMBER 31, 1990 

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

1 WIND 
DIRECTION 

NE 
ENE B E  ESE 
SE N iSE 
ssw 
sw 
W 
WNW 

1 wsw 

<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 

---- 

ALL 17.2 

1 CALMS ARE DISTRIBUTED AS PER NCDC STAR DECK PROCEDURES 

. WIND SPEED CLASSES (KNOTS) 
3.0- 6.0- 10.0- 16.0- 
<6.0 <10.0 c16.0 C21.0 z21.0 

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 -0 .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 - 0  

1.7 .7 .o .o .o 
2.0 .3 -0 .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 

1.15 
1.25 
3.28 
3.20 

100.00 

----- 

. a9 

TOTAL 

.34 

.71 

.78 

.72 

.99 

.79 

.71 

.27 

.18 

.ll 

.06 

.06 

.07 

.08 

.21 

.20 
6.29 

----- 

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

TOTAL NUMBER OF INVALID OBSERVATIONS IN THIS STABILITY CLASS = 
TOTAL NUMBER OF VALID OBSERVATIONS IN THIS STABILITY CLASS = 1151 

0 



ROCKY FLATS METEOROLOGICAL MONITORING STATION 
60 METER TOWER 

JANUARY 1, 1990 - DECEMBER 31, 1990 

WIND FREQUENCY DISTRIBUTION BY PERCENT - STABILITY CLASS D 

WIND 
DIRECTION --------- 

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

C3.0 

.6 

.7 

.5 

.5 

.5 

.4 

.4 

.5 

.4 

.3 
-2 
.2 
.4 
.2 
.4 
.3 

6.6 

---- 

10 METER LEVEL 

WIND SPEED CLASSES (KNOTS) 
3.0- 
<6.0 

2.6 
3.0 
2.5 
1.4 
1.9 
2e2 
3.3 
2.6 
1.6 
1.0 
.6 
.5 
.4 
.6 

1.1 
1.4 

26.6 

---- 
6.0- 
c10.0 

4.1 
3.5 
2.0 
1.0 
.9 

2.5 
4.9 
3.4 
1.4 
.8 
.7 
.5 
.6 

1.2 
1.7 
2.6 
31.9 

---- 
10.0- 
<16.0 

2.4 
1.5 
.5 
.1 
.o 
.2 

1.0 
.9 
.8 
.4 
.6 

1.4 
2.4 
4.4 
3.5 
1.7 

21.9 

---- 
16.0- 
c21.0 

.4 

.1 

.o 

.o 

.o 

.o 

.o 

.1 

.1 

.I 

.2 

. 6  
1.6 
2.7 
1.0 
.2 

7.0 

---- >21.0 

.4 

.o 
-0 
.o 
.o 
.o 
.o 
.o 
.o 
.o 
.o 
.4 

2.2 
2.4 
.3 
-0 

5.9 

- ---- CLASS* TOTAL** ----- 
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 

----- 
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 
** TOTAL PERCENT RELATIVE TO ALL STABILITY CLASSES 

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



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

8 NNE 

DIRECTION <3.0 <6.0 <10.0 <16.0 C21.0 221.0 CLASS* --------- ---- ---- ---- ---- ---- ---- ----- 
N .8 2.5 4.6 .o .o .o 7.81 

1.0 3.5 3.5 .o .o .o 7.90 
.7 3.0 1.5 .o .o .o 5.21 NE 

ENE .8 2.1 .6 .o .o .o 3.59 
1.1 1.1 .3 .o .o .o 2.56 

ESE . 4  1.4 1.2 .o .o .o 2.91 
.4 2.5 1.9 .o .o 00 4.85 SE 

iSE .8 1.8 2.5 .o .o .o 5.13 
1.1 2.1 3.7 .o .o .o 6.96 

ssw .5 1.2 3.3 .o -0 .o 4.94 
sw .8 1.4 5.0 .o .o .o 7.22 

.8 1.7 5.8 .o .o .o 8.22 

.9 2.0 4.2 .o .o -0 7-02 W 
WNW .9 2.0 4.5 .o .o .o 7.51 

-9 2.4 5.8 .o .o .o 9.15 
1.2 2.5 5.4 .o .o 00 9.0% NNW 

ALL 13.1 33.2 53.8 .o .o .o 100.00 

B E  

8 wsw 

#, Nw 

1 CALMS ARE DISTRIBUTED AS PER NCDC STAR DECK PROCEDURES 

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

1.03 
.73 

1.07 
1.22 
1.04 
1.11 
1.35 
1.33 

14.79 

----- 

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

TOTAL NUMBER OF INVALID OBSERVATIONS IN THIS STABILITY CLASS = 2 
TOTAL NUMBER OF VALID OBSERVATIONS IN THIS STABILITY CLASS = 2708 

I 



ROCKY FLATS METEOROLOGICAL MONITORING STATION 
60 METER TOWER 

JANUARY 1, 1990 - DECEMBER 31, 1990 ' WIND FREQUENCY DISTRIBUTION BY PERCENT - STABILITY CLASS F 
10 METER LEVEL 

WIND 
DIRECTION --------- 

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

.4 

.3 

.6 

.4 

.2 
02 
. 3  

1.3 
1.0 
1.0 
.8 

1.2 
1.5 
1.9 
1.5 
.7 

13.3 

WIND SPEED CLASSES (KNOTS) 
3.0- 6.0- 10.0- 16.0- 
<6.0 <10.0 <16.0 c21.0 221.0 

6.8 
2.1 
1.8 
1.0 
.5 
,3 

3.4 
4.6 
7.7 
6.4 
8.6 
8.8 
9.7 
9.9 
7*7 
7.3 

86.7 

.o 

.o 

.o 

.o 

.o 

.o 

.o 

.o 

.o 

.o 

.o 

.o 

.o 

.o 

.o 
-0 
.o 

.o 

.o 

.o 
00 
.o 
- 0  
00 
.o 
.o 
.o 
.o 
.o 
.o 
.o 
-0 
.o 
-0 

.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* 

7.20 
2.33 
2.43 
1.38 
.74 
.53 

3.70 
5.93 
8.68 
7.41 
9.42 
10.05 
11.22 
11.85 
9.21 
7.94 

100.00 

----- 

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

TOTAL* * 
.38 
.12 
.13 
.07 
.04 
. 8 3  
.20 
.32 
.46 
.39 
.50 
.54 
.60 
.63 
.49 
.42 

5.33 

----- 

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



ROCKY FLATS METEOROLOGICAL MONITORING STATION 
60 METER TOWER 

JANUARY 1, 1990 - DECEMBER 31, 1990 

WIND FREQUENCY DISTRIBUTION BY PERCENT - STABILITY CLASS ALL 

WIND 
DIRECTION --------- I 

N 
NNE 
NE 
ENE 

ESE 
SE 8 YE 
ssw 
sw 
wsw 
W 

ALL 

<3.0 

.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- 
c6.0 

2.9 
3-5 
3.3 
2.3 
3.0 
2.7 
3.5 
2.5 
2.0 
1.2 
1-2 
1.1 
1.1 
1.3 
1.6 
1.9 

35.0 

---- 
6.0- 

c10.0 

3.4 
2.9 
1.6 
.8 
.7 

1.9 
3.6 
2.6 
1.5 
1.0 
1.2 
1.2 
1.1 
1.5 
2.1 
2.6 
29.7 

---- 
10.0- 
c16.0 

1.6 
1.0 
.3 
.1 
.o 
.1 
.6 
.6 
.5 
.3 
.4 

1.0 
1.6 
3.0 
2-3 
1.1 
14.6 

---- 
16 .-0- 
<21.0 

.2 

.o 

.o 

.o 

.o 

.o 

.o 

.1 

.1 

.1 

.1 

.4 
1.1 
1.8 

.7 

.1 
4.7 

---- - >21.0 
--e- 

.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 e 64 

----- 

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

I TOTAL NUMBER OF INVALID OBSERVATIONS IN THIS STABILITY CLASS = 18 
TOTAL NUMBER OF VALID OBSERVATIONS IN THIS STABILITY CLASS = 18240 
JOINT DATA RECOVERY RATE = 99.9% 
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HOLebRILLING - ZONE A 
PA Threrhold h l  s m.Ca HI 

Thr#hold cmc Thrulhold cmc. 

U d u m p 8  
Americium 241 
Plutonium rn & 240 
Tritium (gas)** 
strontium 89 
strontium90 
Ccsium 137 
Radium 226 
Radium 2% 
Noa -Rdiormclidw 
Arsenic 
Barium 

Chdmium 
chromium 111 
Chromiumw 
-w= 
Me-Y 

Berpilium 

Hexachlcrocyclohexane (alpha) 
Hexachlancyclohexane (beta) 
Heptachlor 
Heptachlor EpCaide 
Aldrin 
Dieldrin 
DDT 
Chlaxtane (alpha, gamma) 
Toxaphene 
VO& Srni-VOCt I Chlorobrm 
l,l,l-?iichlorcethane 
carbon Tetrachlaide 
Bemne 
Toluene 
Dichlmmethane 

MEK 
1,2-Dichlomethane 
Bromomthane 
Carbon Disulfide 
1.1 -Dichlomthene 
1,l- Dichlorotthane 
Vinyl Acetate 
1,3-Dichlmppene 
1,1,2-Tnchloroethane 
hmofann 
Tetrachlmthene 
C h l ~ k l l Z C X l C  
Ethylbenzene 
Styrene 
Vinyl adaide 
1,2-Dichlmthane 
1,2-Dichlmppane 

Xfltnts 

1,1,2,2-Tttrachlorotthant~hI0r~~thaU~ 
2-Chl-thyl Ether 
1,4-Dichlmbenzene 
1,2-Dichlmbenzene 
Nitrobenzene 
Hexachlaroethane 
1,?,4-Trichlorobcnzcne 
Hexachlmbutadiene 
Hexachlcrocyclopentade 
2.4.6-Trichloro~hend 

e b l  
4.25E+04 
459E+04 
4.78E+04 
287E+04 
280E+04 
1.47E+10 
3.%E* 
205Ei-W 
2.34Ei-W 
3.82Ei-05 
1.77Ei-06 

4.10E+04 

2.44Ei-05 
3.36E+05 

5.01Ei-05 

!!&!Pi 

1.14E+06 
456Ei-05 
2.26Ei-05 
12lE+05 
128E+06 
404E+06 
133E+06 
1.87E+06 

1.49E-W 

931E+03 
4.03E+04 

6.05Ei-05 

* 

133E+04 

l.OlE+(n 

931E+03 
2.12E+04 
llOE+05 
6.72E+05 

6.05E#5 
4.17E90Q 
133E+04 
931E#3 
&OSE+03 
l.lOE+(n 

8.65E904 

155E+04 

l.lOEi-05 I He&hlmben&ne 756EtU2 
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Radionuclidtr 
uranium 233 & 234 
uranium235 
uranium238 
Americium 241 
Plutonium 239 & 240 
rritium (p)* * 
Strontium 89 
Strontium 90 
Cesium 137 
Radium 226 
Radium 228 
Non-Rdionuclidts 
Arstnic 
Barium 

cadmium 
chromium I11 
chromimw 
Mangan#lt 

Maw 

BcrJlllium 

Hexachlcrocyclohexane (alpha) 
Hexachlamyclohexane @eta) 
Heptachlor 
Heptachlor Epcxide 
Aldrin 
Dieldrin 
DDT 
Chlcrdane (alpha, gamma) 
roxaDhene 

1,1,1 -Trichloroethane 
Carbon Tetrachlaide 
Benzene 

Dichlommethane 

MEK 
If -Dichlmthane 
&omoroethane 
Carbon Disulfide 
1,l -Dichlmthene 
1,l-Dichlorotthant 
Vinyl Acetate 
1,3-Dichlmppene 
1,lf-Trichlonxthane 
Bromofam 
Tetrachlcraethene 
ChlOrObtnant 
Ethylbenme 
s m e  
vinyl adaide 

roiwne 

Xyltnce 

1,2-Dichlmthane 
1,2-Dichlmppane 
1,1,2,2-Tetrachloroe~c 

1,4-Dichlorobenzene 
If -Dichlorobenzene 
Nitrobenme 
Hexachlcroethane 
1 ,2 ,4-Trichlor~be~e 
Hexachlmbutadiene 
Hexachlaocyclopentadiene 
2.4.6-Trkhlomphend 

2 - C h l 0 ~ ~ w  Ether 

l ? a X  
1.l2E-i-03 
121E+03 
1%E+03 
757E+02 
7.38E+02 
3.E8E* 
1.04E-W 
5.40Ei-05 
618E+05 
1.01E904 
4.66E-W 

1.08EW 

6.44E+03 

!!Elk 

132E+04 

859E+03 
201E+04 
120E+04 
5.953+03 
3.18E-i-03 
338E+04 
159E+O5 
4.16E+04 
4.92E+04 

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

!?& 

3.87E+05 

2.2OE+03 
2.2OE+03 
4.41E+04 
332E+04 

%k 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
N/A 
NIA 
NIA 
NlA 
NIA 
NIA 
N/A 
NlA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NlA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
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uranium 235 
uranium2)8 
Amtricium 241 
Plutonium 239 & 240 
rritium(gas)** 
strontium 89 
strontium90 
&ium 137 
Radium 226 
Radium 228 
Nca-Rdiormclidte 
Aiecaic 
Barium 
Bergilium 
cadmium 
chromium 111 
chromiumw 

M=uy 
Hexachlcrocyclohexane (alpha) 
Hexachlcrayclohexane (beta) 
Heptachlor 
Heptachlor Epaide 
Aldrin 
Dieldrin 
DDT 
Chlaxiane (alpha, gamma) 
Toxaphene 

lJ,l -Trichloroethane 
Carbon Tetrachlaide 
Benzene 
Toluene 
Dichloromethane 

MEK 
1,2-Dichloroethane 
Bromomethane 
Carbon Disulfide 
1,l-Dichloroethene 
1,l- Dichlorocthane 
Vinyl Acetate 
13-DichImppene 
1,1,2-Trichloroethane 
Bromofam 
Tetrachlauethene 
C h l O r o k a a n C  
Ethylbenzene 

XJlltnte 

styrene 
Vinyl chlcride 
1,2-Dichloroethane 
1,2-Dichloroppane 
l , l , Z J - T e t m c h l ~ ~ e  
Z-ChlorOethyf Ethep 
1,4-Dichlmbauene 
1,2-Dichlorobzene 
Nitrobenzene 
Hexachlcmethane 
1,2,4-TrichlorokerIzcne 
Hexachlorobutadi%ne 
Hexachlamcyclopentadiene 
2.4.6-Trichloroohend 

si& 
l.l2E+02 
121E+02 
1.26E+M 
757E#1 
7.38E#1 
3.88Et07 
1.04Ei-06 
5.40Ei-04 
6.18E+04 
1.01E-W 
4.66E-W 

*l.OeE+a 

6.44E-tUZ 
8.87E+02 

1 3 E - W  

859EMU 
'3.01E-W 
l.24)E-W 
5.9SE-tUZ 
3.18EiU.2 
338E-W 
159Ei-04 
4.16E-W 
4.92E-W * 

WA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
N/A 
NIA 
NIA 
NIA 
NIA 
NlA 
W A  
NIA 
NIA 
NIA 
N/A 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
WA 
NIA 
NIA 
NIA 

* 
3.87Ei-04 

2.2QE-tUZ 
220E-tUZ 
4.41E-W 
3.32E-W 

El?& 
W A  
N/A 
NIA 
N/A 
NIA 
N/A 
NIA 
NIA 
NIA 
N/A 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
WA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
N A  
NIA 
NIA 
NIA 
NIA 
NIA 
NlA 
NIA 
NIA -, , 

Hexachlcrobenzem: NIA NIA 
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Radionuclidw 
uranium 233 & 2% 
UraniumPS 
uranium238 
Amxicium 241 
Plutonium 239 & 240 
Tritium(p)** 
Strontium 89 
strontium 90 
Cesium 137 
Radium 226 
Radium 228 
Nan-Radiowclidts 
Arsenic 
BariM 
Beryllium 
cadmium 
chromium 111 
ChromiUmvI 
-P= 
Mmq 
Hexachla-ocyclohexane (alpha) 
Hezachlcmcyclohexane @eta) 
Heptachlor 
Heptachlor Epcxide 
Aldrin 
Dieldrin 
DDT 
Chlordane (alpha, gamma) 
Toxaphene 

1,1,1 -Trichlomethane 
Carbon Tetrachlaide 
Benzene 
Toluene 
Dichloromethane 

MEK 
1,2-Dichlomthane 
Bromomethane 
Carbon Disulfide 
1,l-Dichlmthene 
1,l-Dichloroethane 
Vinyl Acetate 
1,3-Dichloropropene 
1,1,2-Trichlomthane 
Bromofam 
Tetmchlaoethene 
C h l o r o b t n z e n C  
Ethylbenzene 
Styrene 
Vinyl aai& 
1,2-Dichlmthane 
1,2-Dichloroppane 
1 , 1 , 2 , 2 - T e t ~ c h l ~ ~ e  
2-Chlomthyl Ether 
1,4-Dichloro-e 
1,2-Dichlorobe.nzene 
Nitrobenzew 
Hexachlmthane 
1,Z 4-Trichlmbcnzcne 
Hexachlarobutadiene 
Hexachlorocyclopentadiene 
2,4,6-Trichlmphend 

XJllcnw 

Flcihr 
2.23E+07 
241E-W 
2.51EW 
1.51EW 
1.47EM 
7.74E+l2 
ZOBE+ll 
l.OBE+IO 
1.23E+10 
201E+08 
9.28Em 

2.69Ei-06 

1.60E+07 
ZBE+07 

328E+07 

2.13E-W 
7.47E+07 
2!BE+07 
1.48E-W 
7.9lE+06 
8.40E+Orl 
3.9SE-W 
1.03E+08 
122E+OB 

1.07E+03 

6.66E#2 
289E+03 

433Ei-04 

%!Ik 

9 S E m  

722E+01 

6.66E+M 
1.52E-t-03 
222Bi.M 
4.81Ei-04 

43Ei-04 
2.99E-t-03 
9SEi-02 
666E+02 
433E#2 
7.87EMl 

6.19E+03 

l.lfE+(n 

7.87E+1)3 

I?rrlrr 
9.60E-W 

5.47Ei-06 
5.47Ei-06 
1.09E-W 
WE+07 

!Y& 

1.86Ei-06 

191E+05 
557E+05 
5.575734-04 
554E+05 

124E-i-04 
1.86E+03 

619E+05 
2 7 1 E W  
3.71E+03 

309E4-04 
1.86E+05 

124E+05 
247E4-55 
3.71E+03 

1.86Ei-04 

124E+02 

Hexachlarobenzene 5.41E+01 







Radionuclih 
uranium 233 & 234 
uranium235 
uranium238 
h i c i u m  241 
Plutonium 239 & 240 
Tritium (p)** 
Strontium 89 
strontium90 
Cesium 137 
Radium 226 
Radium 228 
Non -Radionuclidtrr 
Arseaic 
Barium 

cadmium 
chromium I11 
ChromiUmvI 
-gant& 
M a w  

Btigilium 

Hexachlaucyclohexane (alpha) 
Hexachlaucyclohexane @eta) 
Heptachlor 
Heptachlor Eptxide 
Aldrin 
Dieldrin 
DDT 
Qllartane (alpha, gamma) 
Toxaphene 
VOCsdt Semi-VOCI 
c!llloroform 
l,l,l-Trichlomthane 
carbon Tetrachlaide 
Ben7.ene 
Toluene 
Dichloromethane 

MEK 
12-Dichlomthane 
Bromomethane 
Carbon Disulfide 
1,l-Dichlomethene 
1,l- Dichlomthane 
Vinyl Acetate 
1,3-Dichloroppene 
l,l,Z-Trichloroethane 
Bromofam 
Tetrachlapethene 
ChlorobtaPnt 
Ethylbenzene 
S m e  
Vinyl atlaide 
132-Dichlomethane 
12-Dichloroppane 
l,l,Z,Z-T~tmchl~thane 
Z-Chl-thyl Et& 
1,4-Dichlmbenzene 
1,Z-Dichlorobenzene 
Nitrobemew 
Hexachlcroethane 
l,Z,4-Trichlorobcnzene 
Hrxachla~butadiene 
Hexachlorocyclopentadiene 
2,4,6-Trichlorophend 

XgltnC4 

&ihl 
267Ei-03 
288E+03 
3.01E+03 
1.8oE+03 
1.76E+03 
9ZEt06  
249E4-W 
12QE+06 
1.47E+06 
2.40E+04 
l.llE+05 

129E903 

7.68Ei-03 
1.06E+04 

157E-W 

YL!S 

l.U2E+04 
358E+04 
1.43E+04 
7.09E+03 
3.79E+03 
4.03E+04 
1.90E+05 
4.%E+04 
5.86Ei-04 

151EM1 

9.43E-W 
4.08EMl 

6.13EM 

lldg 

135E+Ol 

l.U2E+00 

9.43E+00 
215E+01 
3.14E+02 
6.81E+02 

6.113E+02 
423EM1 
135Ei-01 
9.43E+00 
6.13E+00 
l.llE+00 

8.75E+01 

1.57Ei-01 

l.llE+M 
HeXaChla.Obe&ne 7.66E-01 
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Rsdionuclidtr 
uranium 233 & 234 
uranium235 
UraniUmBs 
Amtricium 241 
mutonium Pg & 240 
Tritium(gee)** 
Strontium 89 
strontium 90 
Cesium 137 
Radium 226 
Radium Z28 
Nm-Radionuclides 
Arsenic 
Barium 

cadmium 
chromirnn I11 
cllromirnnvI 
-P= 
Mercury 

Btlgflium 

Hexachlanqclohexane (alpha) 
Hexachlcrocyclohexane (beta) 
Heptachlor 
Heptachlor EpcRide 
Aldrin 
Dieldrin 
DDT 
CBlcrdane (alpha, gamma) 
Toxaphene 
VOCs & a i - V O C s  
chloroform 
l,l,l-Trichloroethane 
Carbon Tetrachlaide 
Beluene 
Toluene 
Dichlmmethane 

MEK 
1,2-Dichloroethane 
hmomethane 
Carbon Disulfide 
1,l -Dichloroethene 
1,l- Dichloroethane 
Vinyl Acetate 
1,3-Dichlomppene 
l,l,2-Trichlorcethane 
Bromofam 
Tetrachlmethene 
C h l o r o b t ~ ~  
Ethylbenzene 
Styrene 
Vinyl cMai& 
1,2-Dichlomthane 
1,2-Dichloroppane 
l , l , Z J - T ~ t ~ c h l ~ h ~  
2-Chl0rc~thyl Ether 
1,4-Dichlorobenzne 
1,2-Dichlorobenzene 
Nitrobemem 
Hexachlawthane 
1,2,4-Trichlorobenanc 
Hexachlcrobutadiene 
Hexachlaucyclopentadiene 
2,4,6-Trichlorophend 

XJllClleS 

silk 
2?2E+05 
2.WEi-05 
3.06E+05 
1.84E+05 
1.79E+O5 
9.41E+10 
253E+09 
1 3 1 E M  
1 5 0 E M  
2.45E+06 
1.13E-W 

131E+05 

7.&2E+05 
1.OSE+06 

1.60Ei-M 

!!it& 

1.04E+06 
365E+06 
1 . 4 6 E a  
721E+05 
3.86E+OS 
4.10E+06 
1.93E-W 
5.05E+06 
5.97Ei-06 

!!!& 
NIA 
NIA 
NIA 
NIA 
NIA 
NlA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
N/A 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 

!!it& 
4.69E+07 

267E+05 
267E+05 
535E+06 
4.(nE+06 

!!Ida 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
N/A 
NIA 
NIA 
NIA 
NIA 
NIA 
N/A 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
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Radionuclidtr, 
uranium 233 & 234 
uranium235 
uranium238 
k i c i u m  241 
Plutonium Pg 82 240 
Tritium(p).* 
Strontium 89 
strontium90 
Cesium 137 
Radium 226 
Radium 228 
Non -Wionuclidw 
Amtnic 
Barium 

Cadmium 
chromium 111 
chromirnnvI 
Mmgancsc 
Malay 

BtlJlllium 

Hexachlawyclohexane (alpha) 
Hexachlmqclohexane (beta) 
Heptachlor 
Heptachlor Eparide 
Aldrin 
Dieldrin 
DDT 
(3hladane (alpha, gamma) 
Toxaphene 
VOCs & Semi-VOCs 
chloroform 
1,l.l -Trichloroethane 
Carbon Tetrachloride 
Benzene 
Toluene 
Dichlmmethane 

MEK 
1,2-DichIomethane 
hmomethane 
Carbon Disulfide 
1,l -Dichlomethene 
1,l-DichlOrotthant 
Vinyl Acetate 
1,3-Dichlmppene 
1,1,2-Trichloroethane 
h m o f a m  
Tetrachlapethene 
chlorobtnztne 
Ethylbenzene 
S p n e  
Vinyl cpdoride 
1,2-Dichloroethane 
1,2-Dichloroppane 
1,1,2,2-T~tra~hlor0ethan~ 
2-Chl0roethyf Ether 
1,4-Dichlorobenzene 
1,2-Dichlorobenzene 
Nitrobem 
Hexachlapethane 
1,2,4-Trichlorobtnant 
Hexachlarobutadiene 
HexachIorocyclopentadiene 

Xfltnts 

2,4,6-”Xi~hl~ophe~d 

ld2flL 
1.26EMl 
1.34EMl 
1.42EM1 
851E+00 
&31E+00 
437E906 
1.17EMS 
6WE4-03 
6.95E#3 
1.14E+M 
524E* 

2.45E4-01 

1.46Ei-02 
2.01E* 

299E* 

!?& 

l.WE+M 
6.80Ei-02 
272E+Q 
1.34E902 
720EM1 
7.6SEiU2 
3.6OE+O3 
9 .41Em 
l.llE4-03 

WA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
N/A 
NIA 
NIA 
NIA 
NIA 
WA 
NIA 
NIA 
NIA 
NIA 
NIA 
WA 
NIA 
NIA 
NIA 
NIA 
NIA 
WA 
NIA 
NIA 
NIA 
NIA 
NIA 
WA 
NIA 
NIA 
NIA 

* 
8.74EW 

4.98EM1 
4.9BEMl 
9.97E+M 
752E+VZ 

!!& 
N/A 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
N/A 
NIA 
NIA 
NIA 
NIA 
NIA 
WA 
NIA 
NIA 
NIA 
NIA 
NIA 
N/A 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 

Hexachlarobe&ne NIA NIA 
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DROP) - Z O m A  
HI 

Radionuclidw 
uranium 233 &234 
Uranium 235 
uranium238 
Amtricium 241 
Plutonium 239 & 240 
Tritium (gas)** 
strontium 89 
scrOntium90 
Cesium 137 
Radium 226 
Radium 228 
Nan-Radionuelidea 
Arsenic 
Barium 
Bergllium 
Cadmium 
chromium I11 
(3lromiumvI 
Mmganc& 

Mmllry 
Hexachlmqclohexane (alpha) 
Hexachlmqclohexane @eta) 
Heptachlor 
Heptachlor E p i d e  
Aldrin 
Dieldrin 
DDT 
Chla-dane (alpha, gamma) 
Toxaphene 
VOCs & Semi-VOCs 
chloroform 
1,1,1 -Trichlomethane 
Carbon Tetrachlaide 
Benzene 
Toluene 
Dichlommethane 

MEK 
1,2-Dichloroethane 
Bromormthane 
Carbon Disulfide 
1,l-Dichloroethene 
1,l-Dichloroethane 
Vinyl Acetate 
1,3-Dichlomppene 
1,12-Trichlomethane 
Bromofam 
Tetrachlcmethene 
ChlorobenztnC 
Ethylbenzene 
Styrene 
Vinyl Qlaide 
12-Dichlomethane 
1,2-Dichlomppane 
1,1,22-Tetrachl~thanachlorotthant 
2-Chlol0ethyl Ether 

XflCllCa 

1,4-DichlmWne 
1,2-Dichlombeme 
Nitrobenzene 
Hexachlcroethane 
1 , ~ 4 - T r i c h l o r o ~ e  
Hexachlmbutadiene 
Hexachlaocyclopentadiene 
2.4.6-Trichlom~hend 

€!!a4 
NJA 
N/A 
N/A 
N/A 
NIA 
NIA 
N/A 
N/A 
N/A 
N/A 
N/A 
!!Elk 

9.80Ei-03 

5.83E+04 
803E+04 

120E+OS 

7.78E-W 
2?2E+05 
1.09E+05 
538E+04 
2.88E-W 
3.06E+05 
1.44E+M 
3.?7E+05 
4.45E+05 

327Ei-00 

203Ei-W 
882Ei-W 

132E+02 

!!g!K 

29lEi-00 

22f)E-01 

203Ei-W 
4.64Ei-00 
678E901 
1.47EW 

132E+02 
9.lZEi-W 
29lEi-00 
203EMO 
132Ei-W 
24OE-01 

1.89Ei-01 

3.39Ei-00 

2.40E901 

!!Elk 
3.50E+06 

1.99E+04 
1.99EM 
3.99E-W 
3.01E+05 

5.67Ei-03 

1.13E+03 
1.7OE+03 
1.70EW2 
1.70E4-03 

3.78Ei-01 
5.67Ei-W 

1.89Ei-03 
l.UEW2 
l.ldEi-01 

9.45Ei-01 
5.6YEW 

3.78E-Kl2 
756Ei-02 
1.13Ei-01 

5.67Ei-01 

3.78E-01 

Hekchlcrobe&ne 1.65E-01 



ATTACHMENT A3.4 
ZONE B CALCULATIONS 







Thrcahold caac Thrcahold cmc. 
Rdonuclidw 
Uranium233&rn 
Uranium 235 
uraniumm 
Amtricium 241 
Plutonium239 & 240 
Tritium (gee)* * 
strontium 89 
strontium90 
Ccaium 137 
Radium 226 
Radium 228 
N m  -Radionuclidca 
Amtnic 
Barium 

Cadmium 
chromium I11 
ChrOmiumvI 
-w== 
M=lry 

Btlgftium 

Hexachlcrocyclohexane (alpha) 
Hexachlorocyclohexane @eta) 
Heptachlor 
Heptachlor Epacide 
Aldrin 
Dieldrin 
DDT 
Chlcrdane (alpha, gamma) 
Toxaphene 
VOCs & Semi-VOG 
chloroform 
l,l,l-Trichloroethane 
Carbon Tetrachlaide 
Benzene 
Toluene 
Dichloromethane 

MEK 
1.2-Dichloroethane 
Bromomethane 
Carbon Disulfide 
1,l-Dichloroethene 
1,l- Dichlmthane 
Vinyl Acetate 
1,3-Dichloroppene 
1,12-Trichloroethane 
Bromofam 
Tetrachlaoethene 
ChlOrObtllZCllC 
Ethylbenzene 

Vinyl cblaide 
1.2-Dichloroethane 
1.2-Dichloroppane 
1,1,2,2-T~tmchlmthan~ 
Z-Chl-thyl Ether 
1,4-Dichlmbenzene 
12-Dichlorobenzene 
Nitrobenzene 
Hexachloroethane 
1,2,4-Trichloro~nc 
Hexachlcrobutadiene 
Hexachlaucyclopentadiene 
2.4,6-Ttichloropbend 

Xgltnes 

styrene 

rz!2hl 
1.04E-MX 
l.l2E+05 
1.16E+05 
6.99EW 
6.82E-W 
358E+10 
9.64E-W 
4.99E-W 
5.70E-W 
932E+05 
4.30E+06 

1.00E-MX 

5.95Ei-05 
819E+05 

122Ei-06 

!!& 

7.93E+05 
2.78Ei-06 
l.llE+06 
5.49E+05 
294E+05 
3.l2Ei-06 
1.47E-W 
3.84Ei-06 
454E+06 

3.64B-m 

2.27EW 
9.83EiiM 

1.47BW 

!!id6 

3.24EW 

2.468- 

2 2 7 E W  
5.17EW 
7.56E+05 
1.64Ei-06 

1.47Ei-06 
1.02Ei-05 
3.24Ei-04 
2nE* 
1.47Ei-04 
2.68E+(M 

211E+05 

3.78B* 

2.68B+05 

!!& 
3.57E-W 

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

!!& 

632E-W 

1 X E - W  
1.90EW 
1.90E- 
1.90EW 

421E+05 
6.32E- 

211E-W 
126E+06 
126E+05 

1.05E-HK 
6.32Ei-06 

4.21Ei-06 
8.4ZEi-06 
126EM5 

632Ei-05 

4.21E+03 



0 

b 5 
3 " P 

e - 

W 
CW 
S I  
E11 

8 
0 





Rsdionuclidca 
uranium 233 a 234 
uranium235 
uranium238 
Americium 241 
Plutonium 239 & 240 
Tritium (gae)** 
strontium 89 
strontium 90 
Cesium 137 
Radium '226 
Radium 228 
Non-Radionuclider 
Arstnic 
Barium 

Cadmium 
chromium I11 
C h r o m i ~ V I  
Mangant& 
Mercury 

B@liWl 

Hexachlancyclohexane (alpha) 
Hexachlancyclohexane (beta) 
Heptachlor 
Heptachlor Epide  
Aldrin 
Dieldrin 
DDT 
CNa-dane (alpha, gamma) 
Toxaphene 
VOCs & Semi-VOCs 
chloroform 
1,1,1 -Trichlmthane 
Carbon Tetrachloride 
Benzene 
Toluene 
Dichlmmethane 

MEK 
1,2-Dichloroethane 
Bromomthane 
Carbon Disulfide 
1,l-Dichloroethene 

Vinyl Acetate 
1,3-Dichlmppene 
1,1,2-Trichlorcethane 
Bromofmn 
Tetrachlmthene 
ChlWObllZCllC 

Ethylbenzene 
Styrene 
Vinyl Chlaide 
1,2-Dichlorcethane 
1,2-Dichlmppane 
1,1,2,2-T~tmchl0r0~hnc 
2-Chl01~ethyl Etha 

XJlltnCS 

1,l -Dichl~th€lnc 

1,4-Dichlorobenzene 
1,2-Dichlmbenme 
Nitrobenzene 
Hexachlmthane 
1,2,4-Trichlorobenanc 
Hexachlcrobutadiene 
Hexachlmocyclopenmdiene 
2,4,6-Trichlmphend 

lshk 
2.76E-tO3 
2.988+@3 
3.11E+@3 
1.86E+03 
1.82Ei-03 
9.55E+OS 
2.57E-W 
133E+06 
lSE+06 
2.48E+04 
l.lSE+05 

2.67EiU3 

159E+04 
2.18E+04 

3.25E4-04 

!iBlE 

2l2E+04 
7.40Ei-M 
2.%E+04 
1.46EM 
7.84E+03 
g33E+04 
3.92E+05 
1.03EiQS 
12lE+05 

!!& 
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 
N/A 
NIA 
NIA 
NIA 
NIA 
NIA 
N/A 
NIA 
NIA 
NIA 

!iBlE 
9.S?E+05 

5.43EMB 
5.43EiU3 
1.09E+05 
819E+04 

NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
N/A 
MIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NiA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 

HexachlmbeGne NIA NIA 





E 

0 0 0 0 0 0 0 0  



Radionuclidca 
Uranium233&234 
uranium235 
uraniumm 
9mericium 241 
Plutonium Pg 82 240 
rritiwn (gas).' 
Strontium 89 
3trOntium90 
him 137 
bdium 226 
bdium 228 
Non -Radionuclides 
kcnic 
Barium 

3dmirnn 
3romiwn I11 
3romiwnvI 
bgantet 
M a U r y  

Btlgllium 

Hexachlcrocyclohexane (alpha) 
Hexachlcrocyclohexane (beta) 
Heptachlor 
Heptachlor E@de 
Aldrin 
Dieldrin 
DDT 
Chlcrdane (alpha, gamma) 
roxaphene 
VOCsdt Semi-VOCs 
Zhloroblm 
1,1,1 -Trichloroethane 
Carbon Tetrachloride 
Benzene 

Dichlmmethane 

MEK 
lJ-Dichloroethane 
Bromormthane 
Carbon Disulfide 
1,l-Dichloroethene 
l , l - D k h l m * ~  
Vinyl Acetate 
1,3-Dichloroppe 
1,1,2-Trichloroethane 
Bromofam 
Tetrachluoethene 
ChlOrObllZCllC 
Ethylbenzene 
styrene 
Vinyl Chlaide 
1,2-Dichlorcethane 
1.2-Dicblmppane 
1,1,2,2-Tctm~hl0r0~thauc 
Z - C h l ~ ~  Ether 
1,4-DichloaObenzene 
1,2-Dichlmbenzene 
Nitrobenzene 
Hexachlnoethane 
1,24-Trichl0r0bllZCllc 
Hexachlorobutadiene 
Hexachlcrocyclopentade 

roiwne 

Xylmw 

l?!ak 
2.76E- 
29BE+(n 
3 . l l E m  
1&E+02 
l.SZEM2 
9 5 5 E W  
257E+06 
1.33E+05 
152E+OS 
248E+03 
1.15EW 

267E-W 

159E+03 
218E+03 

325Ei-03 

* 

2lZB+03 
7.40Em 
2.%E+03 
1.46E+03 
7.84E-W 
8.33E+03 
3.92EM 
1.03EM 
121E+04 

!!I& 
WA 
NIA 
NIA 
NlA 
NIA 
NIA 
NJA 
NIA 
NIA 
NIA 
NIA 
NIA 
NJA 
NIA 
NIA 
NIA 
NIA 
NIA 
WA 
NIA 
NIA 
NIA 
NIA 
NIA 
NJA 
NIA 
NIA 
NIA 
NIA 
NIA 
WA 
NIA 
NIA 
NIA 

* 
9.52Ei-04 

5.43E-W 
5.43E-W 
1.09E+04 
819E+03 

E& 
WA 
NIA 
N/A 
NIA 
NIA 
NIA 
N/A 
NIA 
NIA 
NlA 
NIA 
NIA 
NJA 
NIA 
NIA 
NIA 
NIA 
NIA 
WA 
NIA 
NlA 
NIA 
NIA 
NIA 
WA 
NIA 
NIA 
NIA 
NIA 
NIA 
WA 
NIA 
NIA 
NIA 



I 
I 



0 
E 



Rdionuclidca 
Uraaium233L234 
U d u m 2 3 S  
uranium238 
Amtricium 241 
Plutonium 239 & 240 
Tritium (gas)** 
Strontium 89 
Strontium 90 
Cesium 137 
Radium 226 
Radium 228 
Non -Ra&onuclidca 
A r e t n i C  
Barium 
BcrgtliUm 
cadmium 
chromjum 111 
ChromiUmvI 
-we 
Mamy 
Hexachla-ocyclohexane (alpha) 
Hexachlmocyclohexane (beta) 
Heptachlor 
Heptachlor Eprxide 
Aldrin 
Dieldrin 
DDT 
Chlordane (alpha, gamma9 
Toxaphene 
VOaS & Semi-VOCr 
Chloroform 
1,1,1 -Trichloroethane 
Carbon Tetrachlaide 
Benzene 
Toluene 
Dichloromethane 

h4EK 
1,2-Dichloroethane 
Bromomethane 
Carbon Disulfide 
1,l -Dichloroethene 
1,l-DichIwthane 
V i 1  Acetate 
1,3-Dichloroppene 
l91,2-Trichloroethane 
Bromofam 
Tewachla-oethene 
chlorobtnztnt 
Ethylbenzene 
Styrene 
Vinyl a& 
1,2-Dichloroethane 
lJ-Dichlmppane 
1 , 1 , 2 , 2 - T c t ~ ~ h I ~ ~ c  
2-Chlor0ethyl Ether 
1,4-Dichtombeene 
1%-Dichlorobenzene 
Nitrobenzene 
Hexachlapethane 
1,2,4-Trichlorobtnanc 
Hexachlcrobutadiene 
Hexachlcroqclopentadiene 
L4,i-Trichloro~hend 

XVltnee 

PGU€ 
5.51EW 
5.%EW 
6 a E W  
3.72EW 
3.63EW 
1.9lE+13 
5.13E+ll 
266E+10 
3.04E+10 
4.%E+08 
2.29E+09 

*6.64E4 

3.95EW 
5.44EW 

809EW 

5.27EW 
1.84E+OS 
737EW 
3.65E-W 
1.95EW 
2.07E* 
9.76Ei-M 
255E+08 
302E+08 

263Ei-03 

1.64E+O3 
7.11E+03 

1.07E+05 

lldh 

234Ei-03 

1.78EM 

1.64Ei-03 
3.74EM 
5.47E+04 
l.l8E+05 

1.07E+05 
7.35Ei-03 
234EtO3 
1.64EtO3 
1.07Ei-03 
1.94E+02 

1.52E-W 

2.73EtO3 

1.94E+04 

!?I& 

2.37E+09 

135B-l-07 
135EW 
2.7OE+OB 
204E-KB 

!!&it 

4.57E4 

9.143- 
1 .37E4 
1.37EM 
137Ei-M 

3ME* 
457E+03 

1 .52E4 
9.14EW 
9.14EM 

7.QE+04 
4.57EM 

905E+05 
6.09E+05 
9J4EtO3 

4.57E-W 

3.05Ei-02 



P 
d 





Radionuclides 
uranium 233 82 234 
uranium235 
uranium238 
Andcium 241 
Plutonium 239 & 240 
Tritium (gas)** 
Strontium 89 
strontium90 
Cesium 137 
Radium 226 
Radium 228 
Nm-Radiormclidw 
Arsenic 
Barium 
BtrJltliWll 
Cadmium 
chromium 111 
chromiumw 
b g a n =  
Mmllty 
Hexachlcrocyclohexane (alpha) 
Haachlcrocyclohexane (beta) 
Heptachlor 
Heptachlor Epide 
Aldrin 
Dieldrin 
DDT 
Chla-dane (alpha, gamma) 
Toxaphene 

l,l,l-Trichloroethane 
Carbm Tetrachla-ide 
Benzene 

Dichlmmethane 

MEK 
1)-Dichloroethane 
Bramomethane 
carbon Disulfide 
1,l -Dichloroethene 
1,l-Dichlorathane 
Vinyl Acetate 
1,3-Dichlmppene 
1,1,2-Trichlorcethane 
Bromofam 
retrachlmthene 
CtllCTObWlZCfE 
Ethylbenzene 
Styrene 
Vinyl chloride 
1,2-Dichloroethane 
L)-Dichlmppane 
lf,02-Tct raclllorocthaQe 

L,4-Dichlmbenzene 
1,2-=Dichlmtmzene 
rlitrobenzene 
Hexachloroethane 
1,2,4-Trichlotobta2tnt 
Hexachla-obutadiene 
He-xachlcrocyclopentadiene 
l,4,6-Trichlorophend 

roiwne 

Xfltnts 

2-Chlmthyt Ether 

I!G& 
6.58E+03 
7.10E-t-03 
7.40E+03 
4.44E+03 
4.33E+03 
2.28Ei-09 
6.12Ei-07 
3.17E-W 
3.62E-W 
5.92E+04 
273E+05 

3.18Ei-03 

1.89E+04 
260E+04 

3.878+04 

!!I& 

252E+04 
&82E+04 
353E+04 
1.75E+04 
9343+03 
9.93E+04 
4.67E+05 
lZE+05 
1.44E+05 

3.73EM1 

2.32EM1 
1.01E+02 

151E+03 

El& 

332EM1 

2.51EMO 

232EM1 
529EM1 
7.74EW.2 
1.68E-W 

1.51Ei-03 
1.04E+02 
332EM1 
232EM1 
151EM1 
274E+00 

216E+02 

3.87Ei-01 

2.74E+02 

E&!& 
1.13E-W 

6.47E+03 
6.47Ei-03 
129E+05 
9.76Bi-04 

lrdg 

6.47E+04 

129E+04 
1.94E-tO4 
1.94E+03 
1.94EW 

4.31E+02 
6.47EMl 

216E+04 
129E+03 
129E+o2 

1.OSE+03 
647EM 

43lE+03 

129EW 

6.47E902 

4.31E-HM 

s.62B-m 







Radionuclides 
UlaniUm233&234 
ulaniUm23s 
uraniLmp8 
Americium 241 
Plutonium 239 & 240 
Tritium (gas)** 
Strontium 89 
strontium90 
Cesium 137 
Radium 226 
Radiumm 
N ~ - R e d i ~ c l i d ~  
Arsmic 
Barium 
Btrgilium 
cadmium 
chromium 111 
chromiumw 
*gant& 
M=w 
Hexachlamyclohexane (alpha) 
Hexachlamyclohexane (beta) 
HeptachlCK 
Heptachlor Epaide 
Aldrin 
Dieldrin 
DDT 
Chlcrdane (alpha, gamma) 
Toxaphene 
VOCr & Semi-VOCs 
chlorobm 
1,1,1 -"richloroethane 
Carbon Tetrachl~de 
Benzen: 
Toluene 
Dichloromethane 

MEK 
1,2-Dichlomethane 
Bromomethane 
carbon Disulfide 
1,l -Dichloroethene 
1,l- Dichl-thanc 
V i 1  Acetate 
1,3-Dichlmppene 
1,lJ-Trichloroethane 
Bmmofam 
Tetrachlaroethene 
chlorolxmnt 
Ethylbenzene 
Styrene 
Vinyl Udaide 
1,2-Dichlomthane 
1,2-Dichlmppne 
1,1,2,2-Tetnrcehlorotthant 
2-Chl0roe.thyl E t k  
1,4--Dichlomknzene 
lJ-Dichlmtmzene 
Nitrobenzene 
Hewchlaroethane 
1,2,4-'6tichlorobtnanc 
Hexachlmbutadiene 
Hexachlarocyclopentadiene 
2,4,6-Trichlomphenol 

XJlltnts 

2.57E+06 
8.98E+06 
3.59E+06 
1.78E4-06 
9.51E+05 
1.OlE-W 
4.76E-W 
124E+07 
1.47E-W 

!!& 
WA 
NIA 
NIA 
NIA 
NlA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NtA 
NIA 
NIA 
NIA 
NIA 
NIA 
WA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 

!!Elk 
1.15E908 

658EW 
658E+05 
132E-W 
9.93EM 

NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
WA 
NIA 
NIA 
NIA 
NIA 
NIA 
WA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
WA 
NIA 
NIA 
NIA 

Hexachlmbew&e NIA NIA 







Radionuclidca 
uranium 233 & 234 
Uranium 23s 
uranium238 
Americium 241 
Plutonium 239 & 240 
Tritium (p)* * 
Strontium 89 
Strontium 90 
Cesium 237 
Radium 226 
Radium 228 
Non-Radionuclidca 
Arstaic 
Barium 
Bcigllium 
Cadmium 
chromium I I I 
ChrOmiumvI 

Mercury 
Hchlarocycloherane (alpha) 
Hexachlarocyclohexane @eta) 
Heptachlor 
Heptachlor Epcxide 
Aldrin 
Dieldrin 
DDT 
Chla-dane (alpha, gmuua) 
Toxaphene 

l,l,l-Trichlomethane 
Carbon Tetrachlaide 
Eenz&ne 
Toluene 
Dichloromethane 

MEK 
1,2-Dichlomethane 
Bromomethane 
CarbonDiSulfide 
1,l-Dichlmthene 
1,l- Dichloroethanc 
Vinyl Acetate 
1,3-Dichlmppene 
1,1,2-Trichlorcethane 
Bromofam 
TetrachkxPetheoe 
Chlorobtaaat 
Ethylbenzene 
Styrene 

l,2-Dichlmthane 
1,2--Dichlmppane 
l,d,2,2-Tctrachlomethme 

1,4-Dichlon~&nzene 
L,2-Dichlorobenzene 
Nimbenzem 
Hexachla-oethane 
1 , 2 , 4 - T r i c h l o r o ~ e  
Hexachlmbutadiene 
Hexachlarocyclopentadiene 
2,4,6-Trichlmphend 

XglCl3eS 

Vinyl allaide 

2-ChloroePhyl Etthep 

Pa& 
3.11Ei-01 
3.35Ei-01 
3.49Ei-01 
2.10Ei-01 
205Ei-01 
1.OBE907 
289E+05 
15OE+o4 
1.71E+04 
2.80E+02 
1.29Ei-03 

6.MEi-01 

359E4-02 
4 . 9 4 E a  

7 3 E a  

!!a 

4.78E+02 
1.67Ei-03 
6.70E+02 
331EMZ 
l .77EM 
168Ei-03 
&&%E903 
232Ei-03 
274Ei-03 

NIA 
NIA 
NIA 
NIA 
NIA 
NlA 
NIA 
NIA 
NIA 
N/A 
NIA 
NIA 
NlA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NlA 
FUA 
NIA 
NIA 
NIA 
NIA 
NIA 
WA 
NIA 
NIA 
NIA 

!?E& 

215Ei-04 

123E+02 
123E+U2 
245Ei-03 
1.85E903 

!!& 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
MIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 



1 
1 
8 



$ 3  88 

0 0  I 

II a 

m 



Radionuclidca 
uranium 233 & Pq 
uranium235 
uranium238 
Americium 241 
Plutonium Pg a 240 
Tritium (p)’* 
strontium 89 
strontium90 
Cesium 137 
Radium 226 
Radium 228 
Noll -Radionuclides 
Arsenic 
Barium 
BCrYllium 
cadmium 
chromium I11 
chromiumw 

M=uy 
Hexachiawyclohexane (alpha) 
HexachlaPcyctohexane (beta) 
Heptachlor 
Heptachlor Epide 
Aldrin 
Dieldrin 
DDT 
<;hlcrdane (alpha, gamma) 
Toxaphene 
VOCs & &mi-VOCs 
Chlorobm 
1,1,1 -Trichloroethane 
Carbon Tetrachlaide 
Benzene 
Toluene 
Dichlmmethane 

MEK 
12-Dichloroethane 
Bmmomthane 
Carbon Disulfide 
1,l-Dichlomethene 
1,l- Dichlorocthanc 
Vinyl Acetate 
1,3-Dichlmppene 
1,1,2-Trichloroethane 
Bromofam 
Tetrachlmoethene 
ChlOfObCW.CtlC 
Ethylbenzene 
StJrrene 

1,2-Dichlomethane 
If-Dichlmppane 

XflCnC83 

Vinyl c4lIaide 

1 , 1 , 2 , Z - T e t ~ c h l ~ ~ e  
2-Chl01~ethyI Ether 
1,4-Dichlmbemene 
1,2-Dichlmbenzene 
Nitrobenzene 
Hexachlmoethane 
1,2,4-Trichlorobcnzcne 
Hexachlcmbutadiene 
Hexachlawyclopentadiene 
2.4.6-Tri~hl~~hed 

NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
MA 
NIA 
NIA 
NIA 
!!dg 

2.41E-W 

1.44E+05 
1.98Ei-05 

294E+05 

1.92E+05 
670E+05 
26SE+05 
133E+05 
7.10E-W 
754E+05 
S5E*  
928E+05 
l.lOE* 

8.04E-W 

5.01E-W 
217EM1 

3%E+02 

wlx 

7.16E-W 

5.43E-01 

5.01E-W 
1.14EM1 
1.67EM 
3.62EW 

3%E+02 
2ZEM1 
7.16E-W 
5.01E-W 
226E-W 
5.92E-01 

4.65Ei-01 

8.3SE-W 

5.92EMl 

Y!lk 

8.62E+06 

4.91E+04 
4.9lE+04 
9.83EMB 
7.41Ei-05 

Irds. 
¶.4OE+04 

279E-W 
4.19E-W 
4.19Ei-02 
4.19E-W 

93E+01 
1.4OEM1 

4.65E-W 
279E+U2 
279E+01 

233Ei.02 
1.4OE+O3 

9 3 E -  
1.86E+83 
279Ei-01 

1.4OE-W 

93E-01 

H&chlcmbe&ne 4.07E-01 
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ROLE DRILLING - ZONE C 
A T h r t r b o l d h l  B m.CR HI 

Thrcehou coac. Thrcehou caac. 
Rdionuclidw 
uranium ?33 & 234 
uraaium23s 
uraniumm 
Amtricium 241 
Plutonium 239 & 240 
Tritium(gas)** 
strontium 89 
Strontium 90 
Cesium 137 
Radium 226 
Radium 228 
Noo-Rsdionuclidw 
Arscaic 
Barium 

cadmium 
chromium I11 
chromiumw 

B@lium 

hP== 
Mmury 

Heptachlor 

Hexachlcrocyclohexane (alpha) 
Hewchlcrocyclohexane (beta) 

Heptachlor Epaide 
Aldrin 
Dieldrin 
DDT 
Chlordane (alpha, gamma) 
Toxavhene 

1,1,1 -”richloroethane 
Carbon Tetrachkride 
Benzene 
Toluene 
Dichlmmethane 

MEK 
12-Dichloroethane 
Bromom%hane 
Carbon Disulfide 
1,l -Dichloroethene 
1,l- Dichloroethane 
Vinyl Acetate 
1,3-Dichlmppene 
1,1,2-”richlomethane 
Bromofann 
Tetrachloroet heme 
c h l s r o ~ e  
Ethylbenzene 
Styrene 
Vinyl adaide 
1,2-Dichlomthane 
1,2-Dichlmppane 
1,1,2,2-Tet~Chl~thane 
2-Chlo~~th9 Ether 

XJllenW 

1,4-Dichlmbemne 
l,%Dichlmbenzene 
Nitrobenzene 
Hexachloroethane 
1,2,4-Trichlorobe~e 
Hexachlmbutadiene 
Hexa~l~lopentadiene 
2,4,6-’Richlorophend 

I!!Zih 
2.01E+05 
217E+05 
226E+05 
136E+05 
1.33E+05 
6.97E+10 
1.87E+09 
9.70EM 
l.llE+OS 
1.81E-W 
8.36E-W 

1.94Bi-05 

1.16E-W 
159E-W 

2.37E-W 

rrehr 

154E+06 
5.4OE+06 
216E+06 
I.U7E+o6 
S.?ZE+05 
6.07E-W 
286EM 
7.48E+06 
8.84E-W 

7.OBE+04 

4.41Ei-04 
1.91E+05 

2.87E-W 

!!&I% 

630Ei-04 

4.78E+(33 

4.41E+04 
1.0lE+05 
1.47E+06 
3.18E-W 

2.87E+06 
l.%E+05 
630Ei-04 
4.41Ei-04 
287E-W 
521E+(33 

4.09E+05 

735Ei-04 

5.21EW 

* 
6.94EM 

3.%E+05 
3.%E+05 
7.9lE+06 
5.97E-W 

w 
1.23E+OS 

2.46Ei-07 
3.68EM 
3.68Ei-M 
3.68Ei-07 

8.19E+05 
1.23E+05 

4.09EM 
246E+06 
246Ei-05 

2.05E-W 
123Ei-07 

8.19E-W 
1.64E-W 
246E+05 

1.23E-W 

8.19E- 
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PA Threshold h l  0 HI 
CC Vchiclc Traff ic - L i n h t f I O m t d  - Zan 

Radionuclidw 
utrrnium E53 & 234 
UdumZ3S 
uranium238 
Americium 241 
Plutonium 239 & 240 
Tritium (gas)** 
strontium 89 
strontium90 
Cesium 137 
Radium 226 
Radium 228 
Noa-Radionuclidw 
Araenic 
Barium 

cadmium 
chromirpn 111 
chromiumvI 

BtrJlilium 

h g a n =  
MaUry 
Hexachlcrayclohexane (alpha) 
Hexachlcrayclohexane @eta) 
Heptachlor 
Heptachlor E@de 
Aldrin 
Dieldrin 
DDT 
Chlcrdane (alpha, gamma) 
Toxaphene 
VOCk & Semi-VOCs 
chlmfonn 
l,l,l-Trichlomethane 
Carbon Tetrachlaide 
Benzene 
Toluene 
Dichlommethane 

MEK 
1,2-Dichlomethane 
hmomethane 
Carbon Disulfide 
1,l -Dichlmthene 
1,l-Dichlorocthane 
Vinyl Acetate 
1,3-Dichlomppene 
l,l,2-Trichlomethane 
Bmmofam 
Tetrachlmoethene 
chlorobellzme 
Ethylbenzene 
Styrene 
Vinyl (=hlaide 
1,2-Dichlomethane 
1,2-Dichlomppane 

XJlltnte 

1 , 1 , & 2 - T ~ t ~ ~ h l 0 ~ ~ ~ t h a n e  
2-Chlomethyl Epher 
1,4-Dichlorobenzene 
1,2-Dichlmbemne 
Nitrobeem 
Hexachlaoethane 
1,&4-Trichlorobewnt 
Hexachlmbutadiene 
Hexachlarocyclopentadiene 
2,4,6-Trichlorophend 

l a x  
SZE+03 
5.67Ei-03 
5.90Ei-03 
354E+03 
3.4SE4-03 
1.82Ei-09 
4.88E+07 
253E+06 
2.89E+06 
4.72E-W 
2.18E-445 

Se07E+03 

3.02E-W 
4.15E-W 

6.18E-W 

u_lrEp 

4.02B4-04 
1.41E+05 
5.63E-W 
278E-W 
1.49E-W 
158Ei-05 
7.45E+05 
1.9SE-445 
23OE+o5 

E& 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
N/A 
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 

a?& 
1.81E+06 

l.03E-W 
1.03E-W 
206E-445 
lSE+OS 

E& 
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 
W A  
NIA 
NlA 
NIA 
NIA 
NIA 
N/A 
NIA 
NIA 
NIA 

Hexachlmbenzene NIA NIA 
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I 
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1 
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I 
I 
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I 
I 
I 
8 
I 
I 

Radionuclidet 
Uranium 233 & 234 - 
uranium 23s 
uranium238 
Americium 241 
Plutonium 239 w 240 
Tritium (gas)** 
Strontium 89 
strolltium 90 
Cceium 137 
Radium 226 
Radium 228 
Nan-Radionuclidw 
Amaic 
Barium 
BerJlilium 
cadmium 
chromium I11 
chromiumw 
-w= 
M=w 
Hexachlarocyclohexane (alpha) 
Hexachlmocyclohexane (beta) 
Heptachlor 
Heptachlor Eparide 
Aldrin 
Dieldrin 
DDT 
Chlcrdane (alpha, gamma) 
Toxauhene 

1,1,1 -Trichlmthane 
Carbon Tetrachlaide 
Benzene 
Toluene 
Dichlmmethane 
Xfltnts 
MEK 
1,2-Dichlmthane 
Bromomthane 
Carbon Disulfide 
1,l -Dichlmthene 
1,l-Dichloroethane 
Vinyl Acetate 
1,3-DichloroFropene 
1,1,2-Trkhlmthane 
Bromofam 
Tetrachloroethene 
chlorobcllzme 
Ethylbenzene 
Styrene 
Vinyl CMaide 
1,2--Dichlmthane 
lJ-Dichloroppane 
1,1,2,2-T~trachl~thane 
2-ChlmthyI Ether 
1,4-Dichlombenzene 
1,2-Dichiorobenzene 
Nitrobenzene 
Hexachloroethane 
1,2,4-Trichlmbcllzme 
Hexachlcrobutadiene 
Hexachlcrocyclopentadiene 
2,4,6-TriChlom~hend 

mf5l 
5.25E+02 
5.673+02 
5.WE+M 
3ME+02 
345E+02 
1.82E+OE 
4.&3E+06 
233E+05 
2.89E+05 
4.72Ei-03 
2.18E-W 

5.07E+02 

3.02Ei-03 
4.15Ei-03 

6.18Ei-03 

!!a 

4.02Ei-03 
1.41E+04 
5.63Ei-03 
278Ei-03 
1.49Ei-03 
1.58E+04 
7.45E+04 
l.%E+04 
230E+04 

N/A 
NIA 
NIA 
NIA 
NIA 
NIA 
WA 
NlA 
NIA 
NIA 
NIA 
NIA 
N/A 
NIA 
NIA 
NIA 
NIA 
NIA 
N/A 
NIA 
N/A 
NIA 
NIA 
NIA 
N/A 
NIA 
NIA 
NIA 
NIA 
NlA 
WA 
NIA 
NIA 
N/A 

!!a 
1.81E+05 

1.03Ei-03 
1.03Ei-03 
206E+04 
156E+04 

!!& 
N/A 
NIA 
NIA 
NIA 
NIA 
NIA 
N/A 
NIA 
NIA 
NIA 
NIA 
NIA 
N/A 
NIA 
NIA 
NIA 
NIA 
NIA 
WA 
NIA 
NIA 
NIA 
NIA 
NIA 
N/A 
NIA 
NIA 
NIA 
NIA 
NIA 
WA 
NIA 
NIA 
NIA 

Hexachlaroknzkne N/A NIA 
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Rdionuclida 
uranium 233 &Pq 
UraniumPS 
uranium238 
Americium 241 
Plutonium 239 & 240 
Tritium (gas)* * 
Strontium 89 
strontium90 
Cesium 137 
Radium 226 
Radium 228 
Non-Radionuclkia 
Amcaic 
Barium 
BcrplliUm 
Cadmium 
chromium 111 
ChromiUmvI 
-w= 
Me-Y 
Hexachlcmcyclohewne (alpha) 
Hexachlcrocyclohexane (beta) 
Heptachlor 
Heptachlor Epmide 
Aldrin 
Dieldrin 
DDT 
Chicrdane (alpha, gamma) 
Toxaphene 
VOCs & Semi-VOCs 
Chlorobm 
1,1,1 -Trichloroethane 
Carbon Tetmhlaide 
Benzene 
Toluene 
Dichlmmethane 

h4EK 
1.2-Dichlomthane 
Bromomethane 
CarbonDisulfide 
1,l-Dichl-thene 
1,l-Dichloroethanc 
Vinyl Acetate 
19-Dichloroppene 
l,l,2-Trichlomthane 
Bromofam 
Tetrachlapethene 
C h l o r o h n e  
Ethylbenzene 
Styrene 
Vinyl CNCride 
1,2-Dicbloroethane 
1.2-Dichloroppane 
1 , 1 , ~ 2 - T e t ~ C h l ~ t h a n e  
2-Chlo~~thyl Ether 
1,4-Dichlorobenzne 
1.2-Dichlmbenme 
Nitrobenzene 
Hexachlaroethane 
1,2,4-Trichlorobtnzent 
Hexachlorobutadiene 
Hexachlcmcyclopentadiene 
2,496-Trichlorophend 

XgiCflCS 

!!& 
450E+09 

2 5 7 E W  
2 5 7 E W  
5,13E+08 
387E+08 

!!I& 

1.743+06 
261E+06 
261E+05 
261E+06 

5.79E+04 
R69E+03 

290E+06 
1.74E+Q5 
1.74Ei-M 

1.45E4-05 
869EW 

5.798+05 
1.16E+06 
1.74Ei-M 

8.69Ei-M 

5=79E-HE 

Hexachlmbenzene 253E-HE 
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Thrtrhoki carrc Thredloki carc 
Rdonuclidts 
uranium 233 & 234 
UraniumPS 
Uranium238 
Americium 241 
Plutonium 239 & 240 
Tritium (gas). 
strontium 89 
strontium90 
Cesium 137 
Radium 226 
Radium228 
Noa -Radionuclidw 
Arsenic 
Barium 
Beryllium 
cadmium 
chromium I11 
chromiumw 
Mmgane& 
Maw 
Hexachlcrocyclohexane (alpha) 
Hexachlmocydohexane (beta) 
Heptachlor 
Heptachlor Epcxide 
Aldrin 
Dieldrin 
DDT 
Chlardane (alpha, gamma) 
Toxaphene 

1,1,1 -Trichloroethane 
carbon Tetrachlaide 
Benzene 

Dichlmmethane 

MEK 
1,2-Dichloroethane 
Bromomthane 
carbon DisuEde 
1,l-Dichlmthene 
1,l -Dichlorotthane 
Vinyl Acetate 
13-Dichlmppene 
1,1,2-TrichlorOethane 
3romofa-m 
retrachlawthene 
=hlorobtnane 
3thylbenzene 
styrene 
Jinyl allaide 
l.2-Dichlomethane 
12-Dichlomppane 
~,1,~2-Tetracl l l~thanC 
!-Chlmthyl Ether 
L,4-Dichlm~nzene 
.,2-Dichlombenzene 
WrobenzeE 
4exachloroethane 
,2,4-Trichlorobcnzenc 
Iexachlmbutadiene 
Iexachlcrocyclopentadiene 
:,4,6-Trichlmphend 

roiuene 

KJltcncs 

PwIx 
1ZE+04 
135E+04 
1.41E+04 
844E+03 
8.23E+03 
4.33EM 
1.16E- 
6.03E+06 
6.8!9E+06 
1.13E-W 
5.19E-W 

6.04E-Hn 

359E+04 
4.95E+04 

736E+04 

Wk 

4.79E+04 
1.68E-W 
6.71E+04 
3.?2E+04 
1.783+04 
l.@E+O5 
888E+OS 
232E+O5 
274Ei-05 

7.08EM1 

4.41B+01 
191E+02 

287E+03 

%!Ix 

630EM1 

4.78Ei-W 

4.41EM1 
1 . 0 l E a  
1.47Ei-03 
3.19E+03 

287E-Hn 
1.98E+02 
6.30EM1 
4.41EM1 
287EM1 
531E+00 

4.10EW 

735EM1 

521E+02 

!?Ehs 
216E+06 

123E+04 
123E+04 
2.46E-W 
1SE+O5 

%!Ix 
123E-W 

2468- 
3.69E+04 
169E-Hn 
369E+0$ 

819EW 
123EM2 

4,10E+04 
2.46Ei-03 
246E+02 

205E4-03 
123E+04 

819Ei-03 
1.64EM 
246EM2 

123E+03 

819E+00 







Radionuclidtr 
Uranium233&234 
uranium23s 
uranium238 
Americium 241 
Plutonium 23!J & 240 
Tritium (gas)** 
strontium 89 
strontium90 
Cesium 137 
Radium 226 
Radium 228 
Noll -Radionuclides 
Arsenic 
Barium 
Beryllium 
cadmium 
chromium Ill 
chromiumw 
-P= 
Mamy 
Hexachlaucyclohexane (alpha) 
Hexachlaqclohexane @eta) 
Heptachlor 
Heptachlor Epdde 
Aldrin 
Dieldrin 
DDT 
Chlcrdane (alpha, &amma) 
ToxaDhene 

1,1,1 -Trichloroethane 
Carbon Tetrachlaide 
Beozeae 

Dichloromethane 

MEK 
1,2-Dichloroethane 
Bromomethane 
Carbon Disulfide 
1,l -Dichloroethene 
1,l-Dichlomethane 
Vinyl Acetate 
1,3-Dichloroppene 
l,l,Z-Trichloroethane 
Bromofcnn 
retrachlaoetbene 
ZhlOrOkYlZCllC 

Ethylbenzene 
Styrene 
Vinyl adaide 
1,2--Dichlorcethane 
1,2-Dichloroppane 
L,1,2,2-Tttrachlomethane 
l-chl-thyf Ether 
1,4-Dichlorobem~e 
1,2-Diichlorobenzene 
rlitrobenzene 
iexachlaoethane 
1,2,4-Trichl0r0btnzcne 
iexachlmbutadiene 
iewchlaqclopentadiene 
1,4,6-Trichlmphend 

roiwne 

xyltncs 

r!!a 
1.27E+06 
1.37Ei-06 
1.43Ei-06 
859Ei-05 
838Ei-05 
4.41E+ll 
1.19E+lO 
6.14Ei-08 
7.01Ei-08 
1.1SE+07 
529E+07 

6.15E+05 

3.66E+06 
5.04EMK 

7.50E+06 

* 

4.88Ei-M 
1.71E-i-09 
6.83E+06 
3.38E+06 
1.81E+06 
1.92EM 
9.04EW 
236E+07 
279E-i-09 

%k 
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 
NIA 
NIA 
NIA 
NIA 

* 
22OE+08 

1ZEi-06 
125E-KK 
250E+07 
1.89EW 

!!& 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
N/A 
NIA 
N/A 
NIA 
NlA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
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U d u m  238 
Americium 241 
plutonium 239 & 240 
Tritium (gas)** 
Strontium 89 
strontium 90 
Cesium 137 
Radium 226 
Radium 228 
Ncm-Redionuclidw 
Amaic 
Barium 
BCfYlliW 
cadmium 
chronlium 111 
ChromiUmvI 

Maw 

Heptachlm 

Hewchlcrocyclohexane (alpha) 
Hexachlcrocyclohexane (beta) 

Heptachlor Epacide 
Aldrin 
Dieldrin 
DDT 
C4hdane (alpha, gamma) 
Toxaphene 
VOCs & Semi-VOCs 
chlmfonn 
l,l,l-Trichloroethane 
Carbon Tetrachlaide 
Benzene 
Toluene 
Dkhlmmethane 
Xylents 
MEK 
1,2-Dichloroethane 
Bromomthane 
Carbon Disuhide 
1,l -Dichloroethene 
1,l- Dichloroethane 
Vinyl Acetate 
1,3-Dichloroppene 
1,1,2-Trichloroethane 
Bromofam 
I'etrachlcroethene 
Zhlorobtnztne 
Ethylbenzene 
Styrene 
Vinyl Chlaide 
1,2-Dichlomthane 
1,2-Dichloroppane 
1,1,%2-Tetrachloroethane 
Z-Chl-thyl Ether 
1,4-Dichlorobenzene 
1,2-Dichlmbenzene 
WrobenzeE 
iexachlaroethane 
1 , 2 , 4 - T r i c h l m ~ e  
iexachlcrobutadiene 
iexachlmocyclopentadiene 
!,4,6-Trichlomphend 

l a E  
5.90EM1 
638EM1 
6.64EM1 
3.9!3E+01 
3.89ENl 
2.04Ei-07 
5.50E+05 
285E+04 
3.25E+04 
5.31E+02 
2.45E-KB 

1.15E- 

6.82EW 
939E+02 

1.40E-KB 

!!a 

9.09E+02 
3.18E+03 
1.27E-I-03 
630E+02 
3.37Ei.02 
358E+03 
1.68E+04 
4.41E+03 
5.21Ei-03 

WA 
N1A 
NIA 
NIA 
NIA 
NIA 
WA 
NIA 
NIA 
NIA 
NIA 
NIA 
WA 
NIA 
NIA 
NIA 
NIA 
NIA 
WA 
NIA 
NIA 
NIA 
NIA 
NIA 
WA 
NIA 
NIA 
NIA 
NIA 
NIA 
WA 
NIA 
NIA 
NIA 

!?E& 

4.09E+04 

233E+02 
W E + 0 2  
4.66E-KB 
352E-KB 

.!!& 
WA 
NIA 
NIA 
NIA 
NIA 
NIA 
WA 
NIA 
NlA 
NIA 
NIA 
NIA 
WA 
NIA 
NIA 
NIA 
NIA 
NIA 
WA 
NIA 
NIA 
NlA 
NIA 
NIA 
WA 
NIA 
NIA 
NIA 
NIA 
NIA 
WA 
NIA 
NIA 
NIA 
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1 
c 
1 
I 
t 
1 
I 
I 
b 
I 
I 
E 
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Radionuclides 
uranium 233 BE m 
uranium235 
uraniumm 
Amtricium 241 
Plutonium 239 & 240 
Tritium (gas)* 
Strontium 89 
strontium90 
Ccsium 137 
Radium 226 
Radium 228 
Noa-Radionuclidcs 
Arsenic 
Barium 
Bergllium 
Cadmium 
ckomium III 
ChrOmiumvI 
MallpWC 

Hexachlcrocyclohexane (alpha) 
Hexachlauqclohexane (beta) 
Heptachlor 
Heptachlor Epacide 
Aldrin 
Dieldrin 
DDT 
(4llcrdane (alpha, gamma) 
Toxaphene 
VOCs & Semi-VOCs 
chloroform 
l,l,l-’Richloroethane 
Carbon Tetrachlcride 
Benzene 
Toluene 
Dichlmmethane 

MEK 
12-Dichlorcethane 
Bromomethane 
Carbon Disulfide 
1,l-Dichloroethene 
1,l-Dichlorocthane 
Vinyl Acetate 
1,3-Dichlmppene 
1,1,2-Trichlmthane 
Bmmofam 
l’emchlcroethene 
Chlorobenzene 
Ethylbenzene 
Styrene 
v i 1  chlaide 
12-Dichloroethane 
12-Dichlmppane 
1 , 1 , & 2 - T e t r a n e  

XgiClleS 

2-Chl-thyl Ether 
1,4-DichlmWe 
12-Dichlmbenzene 
Nitrobenzene 
Hexachlomethane 
1,2,4-Trichlmbcnixnc 
Hexachlcrobutadiene 
Hexachlcmcyclopentadiene 
1,4,6=-Trichlm~hend 

PGhL 
N/A 
N/A 
WA 
N/A 
N/A 
N/A 
N/A 
WA 
N/A 
N/A 
N/A 
!!& 

4.59Ei-04 

273E+05 
276E+05 

5.59E+05 

264E+05 
l27E+06 
5.10E+05 
2S2E+05 
135E+05 
1.43E-W 
6.75E+06 
1.76E+06 
208E+06 

153EM1 

952Ei-00 
4.13EM1 

6.19E-W 

!!&ti 

136EM1 

l.WEi-00 

952Ei-00 
217EM1 
217E-W 
6.88E-W 

6.19E-W 
4.27EM1 
136EM1 
9.52Ei-00 
6.19Ei-00 
1.13Ei-00 

8.84Ei-01 

1.59E+01 

1.13EM 

!!& 
1.64E-W 

9.34E-W 
9.34E+04 
1.87E+06 
1.41E+06 

!!&ti 
265E-W 

5318443 
70%E+03 
7.96E-W 
7.%E- 

l.77E-W 
265EM1 

WEME3 
531E-W 
531EM1 

4.42EM 
2.65E443 

1.77E+03 
354E* 
531EM1 

265EM 

l.77Ei-00 

Hexachlcrobe&ne 7.74E-01 



ATTACHMENT A3.6 
OPERABLE UNIT 3 CALCULATIONS 
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L.B.c.R HI 
Threshold ccoc Threshok) cmc 

Rdionuclidca 
UraDium233&234 
uranium235 
uranium238 
Americium 241 
Plutonium 239 w 240 
Tritium (p)** 
Strontium 89 
strontium90 
Cesium 137 
Radium 226 
Radium 228 
Nm-Radiormclidw 
Arscnic 
Barium 
Bergilium 
cadmium 
(2hKmium 111 
(2hKmiumvl 
-gan= 
Me-Y 
Hexachlcrocyclohexane (alpha) 
Hexachlcrocyclohexane (beta) 
Heptachlor 
Heptachlor Epmide 
Aldrin 
Dieldrin 
DDT 
Chlcdane (alpha, gamma) 
ToxaDhene 

1,1,1 -Trichloroethane 
C h k n  Tetrachlocide 
BenEne 
Toluene 
Dichloromethane 

MEK 
1,Z-Dichloroethane 
Bromonrethane 
Carbon Disul6de 
1,l-Dichloroethene 
1,l -Dichloroethanc 
Vi@ Acetate 
1.3-DichImoppene 
1,1,2--Trichloroethane 
Bromofam 
Tetrachlmthene 
chlorobcllzcnc 
Ethylbenzene 

Vinyl ChIaide 
1,Z-Dichlomethane 

X9lCllts 

S w e  

1,2-DiChlmppRe 
1 , 1 , 2 , 2 = - T e t ~ C h l ~ k e  
2-ChI0roethyf Ether 
1,4-Dichlorobenzene 
1,2-Dichlorobenzene 
Nitrobenzem 
Hexachlomethane 
1,2,4-Trichlmbcllzcne 
Hexachlaobutadiene 
Hexachla-oqclopenadiene 
2.4.6-Trichlm~hend 

Pak 
123E+04 
139E+04 
1.45E+04 
8.67Ei-03 
8.46Ei-03 
4.45E+09 
12OE)E+OS 
6.19E+06 
7.@3E+06 
1.16Ei-05 
5.34E+05 

1.24E+04 

739E+04 
1.a2Ei-05 

lJlE+05 

E&& 

9.85E+04 
3.45Ei-05 
1.38E+05 
682E+04 
3.65E+04 
3&3E+05 
l.82E+06 
4.77E+05 
5.64E305 

4.52Ei-03 

2.81E+03 
122E+04 

1.83E+05 

!!& 

4.02Ei-03 

3.05E+02 

2431Ei-03 
6.42Ei-03 
9.38Ei-04 
2(33E+05 

1.83EMS 
12bE+04 
4.023+03 
281E+O3 
1.83E+03 
333EiU2 

261E+04 

4.6!3E+03 

3.33E+04 
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Vehicle Traffic - LinhtflO - 
A Thrtrhold Level HI 

I Hexachlmbenkne NIA NIA 

Rdionuclidw I uranium 233 & 234 
uraniumm 
uranium238 
Auxricium 241 
Plutonium 239 & 240 
Tritium (gas).* 
Strontium 89 
strontium90 
Cesium 137 
Radium 226 
Radium 228 
Nm-Rdiwuclidw 
ArSCaiC 
Barium 
Bergllium 
cadmium 
chromium I11 
chromiumw 
-ganc& 
Maw 
Hmchlcrocyclohexane (alpha) 
Hexachlaucyclohexane (beta) 
Heptachlor 
Heptachlor Epcxide 
Aldrin 
Dieldrin 
DDT 
Chlcrdane (alpha, gamma) 
Toxaphene 
VOQ & Semi-VOCI 
chloroform 
1,1,1 -Trichlorcethane 
Carbon Tetrachlaide 
Benzene 
Toluene 
Dichloromethane 
Xylenw 
MEK 
12-Dichloroethane 
Bromomethane 
carbon Disulfide 
1,l -Dichlorcethene 
1,l-Dichloroethane 
Vinyl Acetate 
1,3-Dichioroppene 
1,lJ-Trichlomethane 
Bromofam 
Tetrachlamethene 
chlotobenant 
Ethylbenzene 
Styrene 
Vinyl <xllaide 
1,2-Dichlomethane 
1,Z-Dichloroppane 
1,1,2,2-Ttt ~~hlorocthant 
2-Chloroethyl Et- 
1,4-Dihlorobenzene 
1,Z-Dichlorobenzme 
Nitrobenzere 
Hmchlamethane 
1,2,4-Tr ichlorobenane 
Hexachlcrobutadiene 
Hexachlcrocyclopentadicne 
2,4,6-Trichlorophend 

rsihl 
3.3!#E+O2 
3.66E+O2 
3.81Em 
229E+O2 
2.23EW 
1 . 1 7 E 4  
3.15E+06 
1.63E+05 
l.WE+05 
3.(35E+03 
1.41Ei-04 

=%.27E+O2 

l.%E+03 
268E+U3 

3.99E+03 

2.60E+O?) 
9.09Em 
3.64Ei-03 
1.80Ei-03 
9.633+02 
1.OZEi-04 
4.81Ei-04 
12.6Ei-04 
1.49Ei-04 

!!i& 
N/A 
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 
NIA 
NIA 
NIA 
N/A 
NIA 
NIA 
NIA 

!?I& 

1.17E+05 

6.66Ei-02 
6.66E-tU2 
1.33Ei-04 
1.01Ei-04 

!!i& 
NIA 
NIA 
NIA 
NIA 
NlA 
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 
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Rdionuclidw 
uranium233a234 
UraniUmPS 
uranium238 
k i c i u m  241 
Plutonium 239 a 240 
Tritium (gas)** 
Strontium 89 
strontium90 
Cesium 137 
Radium 226 
Radium ZUI 
N m  -Radionuclidw 
Arsmic 
Batium 
BerglliU 
cadmium 
chromi\rm 111 
chrorniu3nvI 

M a l a y  
HexachlaPcyclohexane (alpha) 
HexachlaPcyclohexane @eta) 
Heptachlor 
Heptachlor Epcxide 
Aldrin 
Dieldrin 
DDT 
Chladane (alpha, gamma) 
Toxaphene 
VOQ & Semi-VOCs 
chloroform 
l,l,l-Trichlomethane 
Carbon Tetrachlcride 
Benzene 
Toluene 
Dichloromethane 

MEK 
1,2-Dichloroethane 
Bromornthane 
carbon Disulfide 
1,l-Dichlomethene 
1,l-Dichlorotthane 
V i 1  Acetate 
1.3-Dichlmppene 
1,1,2-Trichloroethane 
Btomofam 
retrachlaraethene 
Chlorobenzene 
Ethylbenzene 
Styrene 

1,2-Dichloroethane 
1,2-Dichlmppme 
1,1,~2-T~tra~hl0m~thane 
2-Chlor0ethyl Et& 
1,4-Dichlmbermne 
1,2-Dichlmbenzene 
Nitrobenzene 
Hexachlaraethane 
1,2,4-TrichlorobtnZtnc 
Hexachlcrobutadkne 
Hexachlarocyclopentadiene 
2,4,6-Trichlorophend 

X#CllCS 

Vinyl Chlcride 

Sih 
288EM1 
3.11EM1 
324EM1 
1.95EM1 
1.90EM1 
9.98EU.K 
26BE+05 
1.39EW 
1 5 9 E W  
260E+M 
1.20E-l-03 

279EM1 

1.66EME 

!?&k 

3.40Em 

221E+M 
7.74E+M 
3.09E-W.2 
1.53Em 
8.19EMl 

4.10EM3 
l.U7E+(n 
1ZEM3 

L~OE+M 

E& 
WA 
NIA 
NIA 
NIA 
NIA 
NIA 
N/A 
NIA 
NIA 
NIA 
NIA 
NIA 
N/A 
NIA 
NIA 
NIA 
NIA 
NIA 
WA 
NIA 
NIA 
NIA 
NIA 
NIA 
WA 
NIA 
NIA 
NIA 
NIA 
NIA 
WA 
NIA 
NIA 

* 
9.95E+03 

5.67E-I-01 
5.67EM1 
1.13Ei-03 
855E-HE 

WA 
NIA 
NIA 
NIA 
NIA 
NIA 
WA 
NIA 
NIA 
NIA 
NIA 
NIA 
WA 
NIA 
NIA 
NIA 
NIA 
NIA 
WA 
NIA 
NIA 
NIA 
NIA 
NIA 
WA 
NIA 
NIA 
NIA 
NIA 
NIA 
N/A 
NIA 
NIA 
NIA 





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 descriie the calculation 

of contaminant intakes, their respective health impacts, and the methodology 

employed to accommodate contriiution from multiple contaminants and sites. 

A.4.2 CALCULATION OF CONTAMINANT INTAKES 

The calculation of contaminant intakes consists of estimating the magnitude, 

frequency, duration, and route of exposure of contaminants to humans. The 

magnitude of exposure is typically determined by measuring or estimating the amount 

of a chemical available at "exchange boundaries" (e.g., the lungs) during some 

specified time. Contact with the chemical may lead to absorption. The magnitude 

of total absorption is a critical variable for the calculation of health risks. 

Environmental fate and transport modeling was used to estimate chemical 

concentrations in air at the point of contact with each receptor (see Appendix 3). 

Contaminant exposure is expressed in terms of intake and defined as the amount of 

a substance taken into the body per unit body weight per unit time. AU non- 

radiological intakes are expressed in units of milligram of contaminant per kilogram 

of body weight per day (mwday). Radiological intake and exposure is expressed 



in total picocuries (pCi) inhaled. 

intake of contaminants are shown 
The receptor parameters used to evaluate the 

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. 

Tom A41 
RECEPTOR PARAMETERS USED TO CALCULATE 

C0"m INTAKES 

Breathing Rate 1.2 m3/hr EP4 1989 

Intake Duration 10 Maximum daily duration of 

Exposure Period 1825 days Total number of days in 

Fractional Leeward Wind 0.4 unitless Rocky Flats Environmental 
Factor Report for 1989. EG&G 

remedial activities 

which exposures OCCUT 

i I 

Averaging Time for 
Noncarcinogenic Chemicals 

5 Assumed calendar period of 
exposure based on current I I scenarios 

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 relationsh@ between the dose or intake of a 

substance and the potential for an adverse effect in the exposed population. Toxicity 

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 A41 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 

madday). 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 mglkglday) or radionuclide (in pCi) and the SF 
for that substance (in (rnglkglday)-' or @Ci)-l>. 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. 

A-4-3 



Table A.4-2 
Sope Factors and Reference Doses for Principal Contaminants 

Primciprl C O B ~ . D ~ ~ D ~ S  (PCs) L.E.C.R 

Uranium 233 & 234 
Uranium 235 
Uranium 238 
Ameriaum 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 
Chlordane (alpha, gamma) 
Toxaphene 
v0C1-i - VOCa 
Chloroform 
1,1,1 -Trichloroethane 
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-Trichlorodhane 
Bromoform 
Tetrachloroethene 
Chlorobenzene 
Ethyibenzene 
styrene 
Vinyl Chloride 
1,2- Dichloroethane 
1,2 - Dichloropropane 
1.1,2,2 - Tetrachloroethane 
2-Chloroethyf Ether 
1,4 - Dichlorobenzene 
1,2 - Dichlorobenzene 
Nitrobenzene 
Hexachloroethane 
1,2,4 -Trichlorobenzene 
Hexachlorobutadiene 
Hexachlorocyclopentadiene 
2,4,6 -Trichlorophenol 

dope Factors 
u!aKkl 

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 
650E-10 

W d a V )  A 

S.OOE+Ol 

4.10E+00 

6.30E+00 
1.80E+ 00 
450E+00 
9.10E+00 
1.70E + 01 
1.60E+ 00 
3.40E-01 
1.30E+00 
1.10E + 00 

8.10E-02 

1ME-01 
3.00E-02 

2.00E-03 

9.10E-02 

1.2OE+00 

1.30E-01 
5.70E-02 
3.90E - 03 
1.80E -03 

2.00E - 03 
2.90E-02 
9.10E-02 
1.30E-01 
2.00E-01 
l.lOE+00 

1.40E-02 

7.80E-02 

l.lOE-02 

HI 
Inh. RR: 

fJns&hw 

LlIUdwl 

1.00E -03 

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

3.00E+00 

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

2.00E-02 
3.00E-03 

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

5.00E-02 
3.00E-01 

2.00E- 0 1 
4.00E-01 
6.00E-03 

3.00E-02 

2.00E-04 

Hexachlorobenaene 1.60E+00 



A433 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 RfD is an estimate (with uncertainty spanning perhaps an order of 

magnitude) of a daily exposure to the human population (including sensitive 

subgroups) that is likely to be without an appreciable risk of deleterious effects 

during a lifetime of exposure. 

The calculated intake is divided by the RfD to yield the hazard index (HI). 

If the estimated daily intake for any single chemical is greater than the RfD, the HI 

will exceed unity indicating the potential for health effects. Separate hazard indices 

are derived for each of the chemicals of concern. Each of these hazard indices are 

related to the contaminant emissions from a unit concentration of a contaminant in 
soil during a specific and discrete site activity 

A.4.4 MULTIPLE CON"ANT/SITE APPROACH 

In calculating soil threshold concentrations based on inhalation risk, a 

consistent approach has been adopted to accommodate the potential for risk 
contniution 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 copizance of concurrent actMties at other 

operable units. In order to achieve this goal, a level of conservatism bas been 

introduced to the process. 
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For non-carcinogenic contaminants, individual soil threshold values are 

calculated to yield a hazard index of 0.1 As stated in the National Contingency Plan 

(40 CFR Part 300), Tor systemic toxicants, acceptable exposure levels shall represent 

concentration levels to which the human population, including sensitive subgroups, 

may be exposed without adverse effect during a lifetime or part of a lifetime, 

incorporating an adequate margin of safety." A hazard index of 0.1 is a factor of ten 

below the level which has the potential for adverse toxicological impacts. A factor 

of ten is believed to be an adequate margin of safety. 

For carcinogenic contaminants, individual soil threshold values are calculated 

to yield a carcinogenic risk of 10". As stated in 40 CFR Part 300, Tor 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 

lo' and 10" using information on the relationship between dose and response. The 

lo6 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 ContinPenw. Plan Final 

- Rule (FR 8667, March 8, 1990, a k a  the National Contingency Plan [NCP]) 

guides EPA to consider a range between 10'4 and lo4 as an acceptable 

lifetime excess cancer risk (LECR) under CERcLk 

OSWER Directive 9360.1-01, Interim Final Guidance on Removal Action 
Levels at Contaminated Drinking: Water Sites @PA, 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. 

A-4-6 



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 CALCULATlONS 

Besides the possibility of contriiutions 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 

maximking the potential impacts, rather than assuming an average impact. 

The sources of emissions (i.e., from excavation, drilling, vehicular traffic) 

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 always be 

carrying a full load, thus reducing the actual amount of dust emitted (and therefore, 

the off-site contaminant concentrations). 

The activities (and intakes) are assumed to take place 10 hours a day every 

day for five years. It is more likely that the work will occur aver a fraction of this 

period. In addition, different activities at each site (such as excavation and vehicular 

trafGc) will result in different rates of emission. However, the soil threshold limit will 

be selected based on the activity emitting the most dust. 

The dispersion formula used to estimate the transport of contaminants to the 

receptor is consewative since it does not take into account deposition of particulates 

from the plume or other contaminant removal mechanisms. In addition, the distance 

to the receptor will in most cases be underestimated, resulting in an overestimate of 

the concentration at the receptor location. 

A-4-7 



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 Werent 

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. 
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APPENDIX 5 

CALCULATION OF SOIL THRESHOLD m L S  



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. 

k5.2 DOSIMETRIC/RISK PERFORMANCE OBJECI'IVE 

Calculation of soil threshold levels requires the selection of a risk-based 

performance objective which is acceptable considering potential contriiutions from 

multiple contaminants and/or multiple sites. As discussed in Appendix 4, soil 

threshold concentrations have been calculated at a hazard index of 0.1 or the 10" risk 

level to the public. 

A.53 CALCULATION OF SOIL THRESHOLD CONCENTRATIONS 

The calculation of soil threshold concentration uses the receptor risk values 

calculated in Appendix 4, normalized to the 0.1 hazard index or lod risk level, These 

soil threshold levels take into account the different emission rates resulting from the 

various activities considered (drilling, excavation, traf€ic, etc.). These threshold levels 

also take into account the dilution in airborne concentrations from the source to the 

receptor by application of Turner's equation for atmospheric dispersion. This is done 

by back-calculating from the end result (limiting off-site airborne concentrations) to 

the source of this concentration (emission of contaminated soil by mechanical 

activity). Back-calculation is commonly employed in the CERCLA/SARA and RCRA 
process for establishing acceptable concentrations of contaminants in vhtually all 

media. The technique is also widely used in other environmental-regulatory programs 

(NESHAPS, establishing discharge limits under NPDES regulations, etc.). This 

technique can best be illustrated by the following example. 
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A.5.4 EXAMPLE OF CALCULATION 

The first step in the calculation of soil threshold levels begins with an 
assessment of the concentration of the contaminant in air that would result in a 

lifetime excess cancer risk (LECR) of lo6 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 difCerence 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 lo6 mglday for the LECR not to exceed lo6. The 

exposure is assumed to o m  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 Wday 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 lo9 mum3. 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 

account. In this example, it is assumed that the activity causing the release occurs in 
Zone B, assumed to be 2.9 km from the receptor location on the site boundary. The 

lateral and vertical dispersion factors for Turner’s Equation are 182 m and 64 m, 

respectively (Table A.3-1). The average windspeed was estimated to be 4.7 m/sec. 
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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 lo” 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. 

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 16 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. 

k5.5 TABULATION OF SOIL THRESHOLD LlEvELS 

The calculated threshold soil concentration for each of the receptor distances 

(0.5 km, 1.6 km, 2.9 km and 4.4 km, corresponding to Zones A, B, C, and OU-3, 

respectively) are shown in Attachment k5.1. The tables in this attachment 

summarize the soil threshold levels calculated based on the activities desml’bed 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 

carcinogenic and noncarcinogenic quantified threshold calculations, the more limiting 

(lower concentration) will be applied. Threshold values exceeding 106 pg/g h&cate 

that under the assumed site conditions (i.e., nature of activity, soil moisture, wind 

speed, etc.), the benchmark risk to an off-site receptor will never be exceeded. This 
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is due to the fact that the concentration of a contaminant is unable to exceed 106 
pdg; thus, the soil threshold level will not be reached. 
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SOIL THRESHOLD m L S  - 
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Summary of calculations in 
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I SOIL THRESHOLD LEVELS - ZONE A 

I I ACTIVITY 
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NOTE Threshold values exceeding 1Eo6 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 dl ~ C Y C T  be weeded This is due to the fact that the concentration of a contaminant can M v c r  exceed 1E06 udg; 
thus, the soil threshold level will never be ruched. 



I SOIL THRESHOLD LEVELS - ZONE B 
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ACTIVITY 

NOTE Threshold values exceeding 1Eo6 uglg indicate that under the assumed site conditions (Le., 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 newr exceed lEO6 udg; I thus, the soil threshold level will never berached. 



NOTE Threshold values exceeding 1- udgindicate that under the assumed site conditions (i.e., nature of activity, 803 moisture. wind speed, etc.), 
&e acceptable risk to an off -site receptor will never be weeded This is due to the fact that the concentration of a contaminant can never exceed 1E06 udg; E thus, the soil threshold level will never be reached. 



I SOIL THRESHOLD LNELS - OPERABLE UNIT 3 

I ACTIVITY 

NOTE Threshold values exceedmg 1Eo6 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 4 1  never be acceded This is due to the fact that the concentration of a contaminant can never exceed 1E06 uJg; 
thus, the soil threshold level will never bereached. 



APPENDIX 6 

DISPERSION PREVENTION TECHNIQUES 



A6.1 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 W. The measures will be summarized here since they have been 
descnied in detail in various EPA publications, particularly the Dust Control 
Handbook (EPA 1985). A two step process was used to identify control measures. 

First, the control measures which are commonly used (or logically could be used) for 

the activities involved in a remedial investigation were evaluated by reviewing the 

literature and interviewing RFP personnel. During this process, unproven 
technologies and control technologies 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 RVFS guidance (Guidance for 

Conducting Remedial Investigations and Feasibility Studies under CERCLA, EPA 
1988, OSWER Directive 9355.3-01). The scoring system is shown in Table A.6-1. 
Quantitative data were used as the basis of the rating, when they were available. 

However, for implementability and where quantitative data were not available, a 

reasonable judgement and/or qualitative descriptions from other studies were use& 
The scores for effectiveness and implementability for each control measure were 
added, with equal weight given to each, to determhe the preferred method of 

control. A score of zero in any category eliminated the control from consideration 

for the activity being investigated. 
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TABLE A.6-1 
SCORING SYSTEM FOR RATING CONTROL MEASURES 

SCORE 

4 

EFFECTIVENESS IMPLEMENTmILrIY 

Highly effective Easily implemented 

3 

Less effective Implementable with major 
difficulty 

Very effective Implementable with some 
dif€iCl l l ty  

Not very effective 

A.6.2 GENERAL CONTROL MEASURES 

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 RFP 
by the Project Manager. 

a Minimize the number of times contaminated soil is moved or disturbed. 

9 Minimize the land surface area which is disturbed or cleared. 

9 Proceed expeditiously once work is initiated. 

a Protect the vegetative cover outside the construction area and restore 
vegetation in the area upon completion of construction activities. 
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0 Minimize vehicle and equipment movement in the construction zone. 

0 Wheeled vehicles are preferred over tracked vehicles for dust 
minimhation. 

0 Low profile activities, such as pushing or grading, are preferred over 
batch drop or dumping operations. 

0 Minimize mud and dirt canyout from construction sites to paved roads 
as a matter of good housekeeping. For example, muddy areas should 
be regraded or graveled. 

e Limit vehicle traffic on unpaved roads. 

e Speed on unpaved roads should be controlled. 

A63 DUST PRODUCING A-S 
DURING REMEDIAL INVESTIGATIONS 

Several dust producing activities are expected to OCCLU 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 W i d e  Phase XI- 
B Interim Remedial Action Project which will involve the following dust producing 

activities (EngineeringScience 1990): 

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 influent collection trench associated with 
the french drain will be removed and placed in a low covered 
pile. 

A-6-3 



The balance (below topsoil) of the french drain trench and the 
influent collection trench will then be dug and only conventional 
dust control measures implemented. 

A633 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. 

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 traflic will cross contaminated areas. Contaminated drill 

cuttings may be placed in drums for disposal. 

k63.4 Unpaved Roadways 

Traffic over potentially contaminated roadways is expected to increase during 

remediation activities . The traffic may be either characterized as heavy or fight in 

frequency. Light vehicular traffic is associated with minor excavations. 
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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. 

k6.4.1 Major Excavations (Interim Remedial Actions) 

The dust control methods rated for their effectiveness and implementability 
for major excavations were: area spray with water, area spray with a water-surfactant 

mixture, chemical dust suppressants (including foam), spray curtain, windscreen, and 
containment structures. The emissions from heavy vehicle trafEc 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 fie range of 62-70 percent for fine 

particulates dwing either traveling and scraping or dumping operations (EPA 1985). 
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TABLE 416-2 
PREVENTIVE MEASURES CONSIDEREX) FOR VARIOUS AcTMTXES 

Preventive Major Minor 
Measures Excavations Excavations 

(Test Pits) 

Area Spraying X X 
with Water 

Area Spraying 
with Water/ 
Surfactant 

X X 

Chemical Dust X X 
Suppressants 

X 

Containment 11 structure 
X X 

I Not Applicable Not Applicable I 

Drilling Unpaved 
Roads 

X 

X X 

X X 

Not Applicable Not 

X Not 

Not Applicable Not 

Applicable 

Applicable 

Applicable 

Not Applicable X 

Therefore, area spraying with water was rated "very effective." Shce this measure 
is commonly employed at construction sites and wetting can be performed With 
readily available equipment (water truck) and materials, a rating of 'leas* 
implemented" was assigned. In the recently completed 881 Hillside construction 
project, area spraying was successfully employed as a dust control measure. The total 

for this control method was 7 points. 

(2) Area Spraying with a Water-Swfactant Mixture. Surfactants, such as 

soaps, detergents, and various commercial products, reduce the surface tension of 

water and allow better penetration. Theoretically the use of water with a surfactant 
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should increase the efficiency of the treatment over water alone; but, since the 

primary purpose of the surfactant is to reduce water consumption, both treatments 
are considered to be "very effective." Wetting can be performed with the same 

available equipment as with water spraying. However, there is a potential for 
workers to be exposed to concentrated chemicals for which there is evidence of 
adverse effects in animals (EPA 1985). In addition, these may be occasions where 
the surfactant could contaminate the soil and compromise the validity of analytical 

results and/or enhance contaminant mobility in soils. Therefore, a rating of 
"implementable with some difficulty'' was assigned. The total for this treatment was 
6 points. 

(3) Chemical Dust Suppressants. Except for use in conjunction with a 
spray curtain (see below) or as a treatment for the work area (see A.6.4.4, Unpaved 
Roads), chemicals were not considered to be appropriate for use during digging 

operations because the area treated is continuously disturbed, greatly reducing their 

effectiveness. In addition, some of the drawbacks expressed in the use of surfactants 

apply here as well. Since a rating of "not suited to application" was assigned, 

chemicals were not rated for their implementability for this application. 

(4) Spray curtains. A spray curtain consists of a series of nodes  which 
produce a "flat'' spray around a dump location (usually a truck). The liquid from the 

nozzles captures and moistens the particulates as they fall through the curtain. Since 
the potentially contaminated topsoil will probably be transported to temporary 
storage piles or the burial trenches by scrapers, this control could not be 

implemented for the initial phase of construction. Trucks will transport soil during 
excavation of the trenches and spray curtains were considered for this phase. In the 
same study cited above for area spraying @PA 1985), results were reported for the 
effectiveness of both a water/surfactant spray and a chemical foam curtain. The 

water/sur€actant spray was slightly more efficient than the chemical foam (56 versus 
41 percent for fine particulates). However, neither method was as efficient as area 
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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. 

(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 "not very effective." No 
adverse health effects for workers, other than the normal hazards of construction, are 
anticipated for the use of windscreens. However, the design studied in Engineering- 

Science (1990) also required 38 relocation operations, which will generate additional 

dust. This application was rated "implementable with major difficulty." The 
windscreen rating was 3 points. 

(6) Containment Structure (tent). A riibed fabric structure was selected 

for analysis by Engineering-Science (1990) for the 881 Hillside Project. Since the 

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 
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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 additional dust generated during the construction 

of the pilings for numerous relocations and the relocation activities themselves ofhet 

its effectiveness. For these reasons, the containment structure was rated as 'bey 
effective" rather than "highly effective." Worker safety is a major concern in 
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. 

k6.43 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) 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 
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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 'hot 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 @PA 1985). Since they may not be 
effective in reducing off-site concentrations, windscreens were rated as "not very 

effective." In order to study the implementability and efficiency of this control for 
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 
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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 riibed fabric structure to contain a backhoe, the 
test pit, and the temporary storage piles was computed to be a structure 30 feet by 

40 feet by 15 feet high. No figures for control efficiency are available for this 

alternative, but, as discussed above, it is doubtful that 100 percent efficiency could be 
achieved. Even if the efficiency of the structure itself is high, the additional dust 
generated during the construction of the structure and numerous relocations reduce 
its effectiveness. For these reasons, the containment structure was rated as "very 

effective" rather than "highly effective." Worker safety and hazardous waste disposal 
considerations result in a rating of "implementable only with extreme difficulty." The 

selected structure could be moved on wheels in special channels to increase the 

efficiency of relocations or, if more than one test pit is active at a given time, 

additional structures would be constructed. In either case, the containment structure 

was rated as having significant implementability considerations. The total score was 
4 points. 

k6.43  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 drillin& the 

confined area of activity, the height of the drill rig, and the higher moistwe content 
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 indude 
drilling and auger removal. 
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(1) Area Spraying with Water. The emissions from drilling will occur in a 

limited area in the vicinity of the bore hole over a short period (one day or less). 
This area could be sprayed by a hand-held device, or an array of spray nozzles could 

be fabricated. This treatment, used successfully in the past, is expected to be "very 

effective" and "easily implemented". The total for this control method was 7 points. 

(2) Area Spraying with a Water-Surfactant Mixture. Surfactants may 

interfere with the analysis of results from drilling. For this reason, use of a surfactant 
was scored as "not suited to application" and surfactants were not rated for their 

implementability for this application. 

(3) Chemical Dust Suppressants. Chemicals may also interfere with the 
analysis of results from drilling. Since a rating of "not suited to application" was 
assigned, chemicals were not rated for their implementability or efficiency for this 

application. 

(4) 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. 

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 
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any unpaved, potentially contaminated road for heavy vehicle traflic. If the proper 

aggregate sizes and proportions are not present, the missing sizes can be added or 
a chemical dust suppressant can be chosen which will provide optimum control for 

the roadway conditions. The value of each of the control measures for unpaved 
roads is discussed below. 

(1) Spraying with Water. Watering once per hour has an effectiveness of 

50 percent. Watering twice as often will raise the effectiveness to 75 percent; and 

effectiveness near 100 percent has been obtained with applications of 0.125 

gallons/square yard every 20 minutes (EPA 1985). The application rate must be set 

so that contamhated water runoff is not a problem. The use of water was rated 

"very effective." The equipment needed to apply this treatment, a water truck or 
caliirated 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 
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 difIZculty." The total 
score for this application was 6 points. 
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(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 RF'P. 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 

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 @PA 1985) notes a reduction 

of 98.5 percent in the base emission factor for paved versus unpaved roads. Paving 

was rated ''highly effective" in reducing dust from roads. However, skce 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. 
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A.6.5 CONCLUSIONS AND RECOMMENDATIONS 

The ranking of preventive measures by activity are shown in Table A.6-3. If, 

based on the proposed activity, contaminant concentrations in the work area are such 
that a Stage 2 area is declared, the Project Manager will select and justify the choice 
of preventive measures that will be applied, starting with the highest ranking option. 
The results indicate that area spraying with water should be employed when soil 

activity levels are above the threshold. Monitoring, in accordance with Appendix 7 

guidance, must be used to verify the effectiveness of the treatment. If an adequate 

water supply is available, water alone should be as effective as a water-surfactant 

mixture. The use of chemical dust suppressants is only recommended for unpaved 
roads with dust produced by heavy traffic which cannot be controlled by watering. 
Descriptions of chemical dust suppressants are included in Table A.6-4. For the 

major excavations, if the source of emissions appears to be truck loading operations, 
watering with a spray curtain should also be considered. If monitoring results 
indicate that watering alone is insufficient, then some means of reducing the wind 

speed in the vicinity of the dust-producing activity should be considered for digging 

or drilling operations. Paving is an option in the case of unpaved roads. 



TABLE A63 
POINT R A " G  AND APPLICATION OF PREVENTIVE MEASURES 

FOR VARIOUS ACTIWTIES UNDER STAGE 2 

Preventive 
Measures 

Area Spraying 
with Water 

Area Spraying 
with Water/ 
Surfactant 

Chemical Dust 
Sumressants 

Spray 
curtains 

Containment 1 structure 

Major Minor Drilling Unpaved 
EXcaWtiOnS Excavations Roads 

(881 Hillside) (Test Pits) 

6 

6 Not Rated Not Rated 6 

Not Rated Not Rated Not Rated 5 

5 Not Rated Not Applicable Not 

3 5 5 Not 

4 4 Not Applicable Not 

Applicable 

Applicable 

Applicable 

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). 

* Select highest ranking preventive measure (or justify use of another measure). 

e If monitoring results indicate that the preventive measure is not satisfactoxy, 
cease work activities and apply the next method. 

* If none of the preventive measures reduce airborne con taminant 
concentrations to acceptable levels, study alternative methods not included in 
this plan. 
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APPENDIX 9 

AIR M 0 N T I " G  REQUIREMENTS 



A.7.1 INTRODUCTION 

Air sampling and monitoring will be performed in both Stage 1 and Stage 2 
work areas. Stage 1 refers to cases where the concentrations of hazardous substances 

(chemical or radiological) in an operable unit (OU) have been determined to be less 

than the soil threshold levels listed in Appendix 5 of the PPCD. Stage 2 refers to 

those cases where concentrations exceed the soil threshold levels. 

Air monitoring procedures in the vicinity of a work site within an OU will be 
implemented to provide assurance that off-site exposure concentrations are kept 
within the limits imposed by the risk analysis (Appendix 4). Both real-time and, for 
Stage 2 areas, cumulative (integrating) concentrations of contaminants in air will be 
measured. Appropriate air sampling and monitoring instruments will be selected 

depending on the types of contaminants that are present or suspected to be present 
at the site. 

The instruments used for the purpose of 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. 

A-7-1 



A.7.2 RESPONSIBILITIES 

The following persons will be responsible for ensuring that the air monitoring 

program is implemented in accordance with the requirements presented in this 

appendix. 

The Project Manager (PM) will determine whether the site is subject to 

Stage 1 requirements or the more stringent Stage 2 requirements. This decision will 

be made on the basis of measured or suspected soil contaminant levels relative to the 

respective soil threshold levels (Appendix 5). The PM will also select the dust 

suppression measures required to minimize the generation of dust from intrusive 
activities (Stage 1 - Appendix 8 or Stage 2 - Appendix 6). The PM will measure 

soil moisture levels and determine whether wetting is necessary. Based on the 

prevailing wind direction, the PM will select the appropriate downwind location from 

the work site for the air sampling and monitoring equipment. In addition, the PM 
will monitor the instruments used to measure concentrations of airborne 

contaminants. The PM has the authority to stop work if any action levels or alarm 

settings are exceeded. The PM is also responsible for reporting the monitoring 

results and ensuring that the instruments are operable and caliirated. 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 

HSC also ensures that radiological and industrial hygiene measurements are taken 
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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. 

I 

A73 SELECTION OF AIR MONITORING AND SAMPLING EQUIPMEN" 

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 

e 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 pe~ods 

(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 
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predetermined limit. These monitors may be capable of measuring contaminant 

concentrations directly, but will most likely be capable only of indirectly measuring 

the concentrations (i.e, dust concentrations or organic vapor concentrations). 

High-volume air samplers (Hi-Vols) are integrating devices that will provide 

long-term average concentrations for Stage 2 work areas. Hi-Vols, in conjunction 

with appropriate analytical protocols can be used to identify and quantify specific 

contaminants. Real-time TSP measurements will be the primary means of evaluating 

mitigative measures effectiveness. Sample analysis results will be used to confirm that 

contaminant concentrations were maintained below the predetermined limits for the 

duration of the work activities. The required sampling frequency and analysis 

turnaround time will be determined by the PM, based on the soil contamhation 

levels and instrument sensitivity. 

The following is a list of monitoring and sampling equipment that may be 

selected and each instrument’s applicability. 

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 (mum3). The Piezobalance (or 

equivalent) will be used extensively to provide real-time monitoring of total 

suspended particulate (TSP). 

A vacuum pump draws aerosol into the instrument at a rate of one liter per 

minute (wmh). 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 
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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 colledon 

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 
audiile 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. 

MINIRAMS: 

The Miniature Real-Time Aerosol Monitor (MWRAM) Model PDM-3 is a 
personal-size airborne particulate monitor. It uses a pulsed GaAlAs light-emitting 

source. The radiation scattered by airborne particles is sensed by a silicon- 
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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 

Piezobalance) as a primary means of evaluating mitigative measures effectiveness. 

HNU Trace Gas Analner 

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 0 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. 

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. 
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Photovac Microtip Hand Held Air Monitor 

The Microtip measures the concentration of airborne ionizable gases in the 

range of 0.1 to 2000 ppm isobutylene equivalent. The sample inlet carries a gas 
stream to the ultraviolet 0 light source. Photons generated by the UV source 
ionize specific molecules in the gas stream. The ionized molecules move to the 
collector electrode and generate a cwrent proportional to the concentration of the 

gas. The instrument is equipped with an alarm which signals when the pre-set value 
is exceeded. 

A.7.4 LOCATION OF AIR SAMPLING AND MONITORING EQUIPMENT 

Monitoring instruments will be placed as close as possible to the work area 
(about 5 - 10 meters) without interfering with the work activities. The selected 

location must be far enough so as to not be in the wake of buildings or machinery. 

Instrument can be placed closest for activities such as drilling which do not involve 
frequent movement of machinery. It is recommended that instruments be placed as 

far as 10 meters away when the activities involve excavation and vehicular traffic. If 
the wind direction appears to change substantially, or if the work location moves, the 

instrument(s) will be repositioned accordingly. Since the exclusion zone for work in 
a contaminated area typically extends 30 feet from the work site, an appropriate 
downwind location will be inside, or along, the exclusion zone boundary. 

Downwind real-time monitors and air samplers will be co-located to the extent 
possible. This will permit the PM to inspect several instruments simultaneously. 
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A.7.5 SELECTION OF ALARM Sl3"GS 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 linnit will 

be set at 35 mph for drilling and small-scale excavation activities and 15 mph for 

other activities. 

A.7.53 Airborne Contaminant Concentrations - Off-Site Exposures 

Measuring concentrations of contaminants emitted from Stage 1 or 2 work 

areas directly at the RFP boundary is not practical. This is due mostly to the 

atmospheric dispersion that significantly reduces airborne concentrations from the 

point of origin. Consequently, air monitoring to evaluate the mitigative measures 

effectiveness will be implemented near the emission source. This requires 

establishing an action level concentration that can be measured near the emission 
source which is related to an acceptable concentration at the site boundary. 
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To estimate the concentration at the site boundary, a dispersion factor was 

derived for each of the four areas (OU3, A, B, C). These factors are listed in Table 

A.7-1 and account for the dilution that occurs from the work area (10 meters from 

the source) to the site boundary based on the prevailing atmospheric stability (Class 

D). 

Table A.7-2 lists the limiting site boundary concentrations for the principal 

contaminants. These concentrations, derived from Appendix 5, represent the 

airborne levels associated with each compound's 1 x 10" lifetime excess cancer risk 

or 10% of the exposure dose/reference dose quotient. These concentrations limits 

are independent of the type of activity or area in which the activity is conducted. To 

obtain the equivalent on-site concentration (i.e., 10 meters away from the work area), 

these concentrations must be multiplied by the appropriate dispersion factor. In 
addition, if the instrument measures the contaminant carrier, a scaling factor must be 

applied. If dust is the contaminant carrier, this is accomplished by dividing the 

maximum on-site concentration of contaminant in air by the concentration of the 

contaminant in soil to obtain the limiting concentration of dust in air. This is 
repeated for each contaminant present in the soil. The action level is then set to the 

limiting (lowest) concentration of dust obtained by the above method. 

When occupational limits for the contaminant exist, the action levels as 

calculated in the next section will usually be more restrictive than those calculated 

based on off-site protection criteria. This is due to the si@cant atmospheric 

dispersion factor (three to four orders of magnitude) that occurs between the work 

site and the site boundary. However, there are some con taminants 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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TABLE A7-1 

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 CONCENTFIATIONS 
EPA Threshold Lewls I L.E.C.R I HI I Threshold Conc. I Threshold Conc. 

Rad1 onu d I des 
Uranlum 233 8 234 
Uanium 235 
Uranium 238 
Amwlclum 241 
Plutonium 239 & 240 
Tritium (gas)- 
Strontium 89 
Stmntlum 90 
Cesium 137 
Radlum 226 
Radium 228 
Non-Radionuclides 
Arsenic 

BefyUium 
Cadmium 
Chmmlum I l l  
Chromium VI 
Manganese 
M a w  
Hexachlaocyclohexane (alpha) 
Hexachlorocyclohemne (beta) 
Heptachlor 
Heptachlor Epoxide 
Aldrin 
Dieldrin 
DDT 
Chlordane (alpha, gamma) 
Tmcaphene 

BKiUm 

V O C .  & Semi-VOC. 
ChlDmform 
1 , 1 , 1  -TricMomethane 
Carbon Teb-achlalde 
Benzene 
Toluene 
Dlchlaomethane 
Xylenes 
MEK 
1,2-DichIaoethane 
Bumomethane 
Carbon Diqulfide 
1,l -Dlchlaoethene 
1 , l  -Dichloroethane 
Vinyl Acetate 
1,3-Dichbropropene 
1 , l  ,P-Trlchlmethane 
Bromoform 
Tebachimethene 
Chlombemene 
Ethylbenzene 
Styrene 
Ulnyl C hlorlde 
I ,2-Dlchlaoethane 
1 ,P-Dichlaoprcpane 
1,l ,2,2-Teb-achlmethane 
2-Chimethyl Elher 
1,4-DIchlaobemene 
1,2-Dichiaobemene 
Nllrobenzene 
Hexachloroethane 
1,2,4-Trichlmbemene 
Hexachlorobutadie ne 
Hexachlacocyclopemadiene 
2,4,6-TrichlorophenoI 
Hexachiaobemene 

pCllm3 
42E-03 
4.%E-03 
4.8E-03 
2.9E-03 
2.8E-03 
1.5EM3 
3.9Ei-01 
2.OEi-00 
2.3E +OO 
3.8E-02 
1 BE-01 

4.1 E-06 

2.4E-05 
3.3E-05 

5.OE-05 

mdm3 

3.2E-05 
1 . l  E-04 
4.5E-05 
2.2E-05 
12E-05 
1.3E-04 
6.OE-04 
1.6E-04 
1.9E-04 

2.5E-03 

1.6E-03 
6.8E-03 

1 .OE-01 

mdm9 

2.2E-03 

1.7E-04 

1.6E-03 
3.6E-03 
5.2E-02 
1 . l  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 

mdm3 

1.5E-03 

8.3E-06 
8.3E-06 
1.7E-04 
1.3E-04 

ma1m9 

4.4E +OO 

ME-01 
1.3E 900 
1.3E-01 
1.3E+00 

2.9E-02 
4.4E-03 

1.5E+OO 
8.8E-02 
8.8E-03 

73E-02 
4.4E-04 

2.9E-01 
5BE-01 
8.8E-03 

4.4E-02 

2.9E-04 
1.9E-02 
1.3E-04 
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An example derivation of an action level based on off-site concentration limits 
is given in Section 7.7 along with a comparison to the worker protection action level 

derived for the same contaminant. 

A.7.5.4 Airborne Contaminant Concentrations - Occupational Exposures 

Occupational exposure control is governed by the individual site specific health 

and safety plan. Details regarding the establishment of action levels and monitoring 

programs are detailed therein. The following discussion is provided to familiarize the 

reader with the method used at RFP for monitoring worker exposure to hazardous 

waste site contaminants. In general, to protect the workers, alarm settings or action 

levels will be calculated based on occupational concentration limits (DAG, 'ILV- 

TWAs, PELS, etc.). Concentration measurements are normally taken in the worker's 

breathing zone. 

As mentioned above, the alarm settings and/or action levels for airborne 

emissions normally will be calculated at 10 percent of the occupational concentration 

limits when the instrument measures the contaminant directly. If the instrument 

measures a contaminant carrier (e.g., dust), the alarm will be set at a concentration 

equal to the ratio of the contaminant's limit in air (10% of DAC, PEL, TLV, etc.) to 

the measured or estimated concentration of the contarninant 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 d 
result in a suspension of work activities and the aDDlication of mitigative measures. 
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An example derivation of an action level based on off-site concentration limits 

is given in Section 7.7 along with a comparison to the worker protection action level 

derived for the same contaminant. 

k7.5.4 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 RFT 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, PEIs, 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. pf the instrument 

measures a contaminant carrier (e.g., dust), the alarm will be set at a concentration 

equal to the ratio of the contaminant’s limit in air (10% of DAC, PEL, TLV, etc.) to 

the measured or estimated concentration of the contaminant in soil. 

If measured concentrations are between 10 and 100% of the BAC 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 kl the Site-Sp&, hedth 



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. 

A7.5.4 Airborne Contaminant Concentrations Occupational Ikp~sures 

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 RF’P 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- 

‘WAS, PELS, etc.). Concentration measurements are normally taken in the worker’s 

breathing zone. 

As mentioned above, the alarm settings and/or action levels for airborne 

emissions normally will be calculated at 10 percent of the occupational concentration 

limits when the instrument measures the c o n t h a n t  directly. If the instrument 

measures a contaminant carrier (e.g., dust), the alarm will be set at a concentration 

equal to the ratio of the contaminant’s limit in air (10% of DAC, PEL, TLV, etc.) to 

the measured or estimated concentration of the contaminant in soil. 

If measured concentrations are between 10 and 100% of the BAC 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 applica~on of mitigative measures. 

Details of the worker protection program will be contained in the site-specific health 

and safety plan. 
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The derived air concentrations are listed in Table A.7-3. Local Air Monitoring 

Trigger Levels for plutonium are listed in Appendix 8 (Attachment Two, Table 1.0). 
Occupational limits for non-radionuclides can be obtained from a current ACGIH 

TLV Book or the list of OSHA PELS. 

I 
e 

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 b i t i n g  (DOE Order 
5480.11) 

k7.6 WORK START/STOP CRITERIA 

Work will not start or will be temporarily halted under any of the following 

circumstances: 

e Soil moisture levels below the practicable threshold; 

Average wind speeds in excess of the threshold for two consecutive 15- 
minute periods; 

e Real-time monitor alarm or readings above the occupational or off-site 
action level; or 
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e Air sample analysis showing concentration above the action level. 

Under normal operating conditions (i.e., above the soil moisture threshold and 

below the wind speed threshold), no additional dust suppression methods should be 

required for Stage 1. Monitoring will be conducted to ensure compliance with 

occupational standards and to con€ixm that predicted rates are not exceeded. Since 

the 10x1 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 

dispersionlemission 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. SRould 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; 

* Average wind speeds are below the threshold for two consecutive 15- 
minute periods; and 
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e The cause for the monitor alarm or instrument readings above the 
action level has been determined and resolved. 

k7.7 EXAMPLE ACTION LEVEL CALCULATION 

The following example is included to indicate how air monitoring action levels 

will be derived. This example assumes the drilling will occur in Zone A and that the 

principal contaminants are Pu-239 (1000 pCi/g) and beryllium (0.5 mg/g). 

Based on the zone, activity, and contaminant concentrations, the PM would 

declare this a Stage 1 area since the soil threshold levels for drilling in %one A are 

28,OOO pCi/g Pu-239 and 244 mg/g beryllium (see Appendix 5 for soil threshold 

levels). 

The off-site action levels are calculated as follows. From Table A.7-1, the 

dispersion factor for work conducted in Zone A is 12,000. The off-site concentrations 

limits for Pu-239 and beryllium, obtained from Table A.7-2, are 2.8E-03 pCi/m3 and 

2.4E-05 mg/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 PO& the equivalent dust concentration action levels based on off-site 

concentration limits are 34 mg/m3 (based on 1000 pCi/g Pu-239 in soil) and 588 

mg/m3 (based on 0.5 mg/g of beryllium in soil). The occupational (shut-down) action 

level of 2 mg/m3 (IO 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. 

A.7.8 SUMMARY AND ACTION 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. 

e Determine the type of dust generating activities that will occur at the 
work site. 

9 Determine the area of the plant ( O U 3 , 4  B, or C, as defined in the 
PPCD) in which the activities will occur. 

9 Obtain measured (or estimate) concentrations of contaminants in the 
soil. 

B Compare these concentrations to the most limiting soil threshold levels 
for the activity and plant area (listed in Appendix 5). 

e 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. 

e 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 mount of 
contamination. 

e 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 sequked. D e t e h e  the required 
sampling frequency and analysis turnaround times. 
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Based on the contaminant concentrations in soil and/or the airborne 
concentration limits (both occupational and off-site) and the instrument 
capabilities, set instrument alarm levels and determine action levels. 

Establish minimum soil moisture and maximum wind speed criteria. 

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 groper 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 samp 
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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 

AIRMONITORING 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. 

List the type of dust generating activities that will occur at the work site (as 
defined in the PPCD). 

Actidty 1: 

Activity 2: 

Activity 3: 

Activity 4: 

13 Enter the area of the plant (A, B, or C, or 8U3 as defined in tbe BPCD) in 
which the activities will occuf. 

Area: 

I3 Obtain measured (or consesvatively estimate) concentrations ~f contaminants 
in the soil. Reference laboratory log number or write "Bhated". 

Contaminant Concentration funits1 SOurCe 



Compare the concentrations entered above to the soil threshold levels (STL) 
for the activity and plant area (PPCD, Appendix 5). 

Concentration in Soil 
Contaminant MeasuredEstimated S T L  

Are soil concentrations of all contaminants below the S%Ls? 

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 hp%ementable based OB location of work 
area, activity to be performed and amount. of contamination. Determine 
required air sampling frequency and analysis twnmound time. Jusw y o u  
choice (see Appendix 6 of PPCD for dust suppression choices). 

Dust suppression measure: 

Justification: 

Sampling frequency: 

Analysis turnaround time: 

Justification: 
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lJ Based on the contaminants present in the soil, circle the monitoring and 
sampling equipment that will be used to measure airborne concentrations 
(refer to Appendix 7). Verify that all instruments, including anemometer and 
soil moisture probes, are operable and calibrated. 

Instrument 

0 

Anemometer 
Piezobalance 

RadeCo High 
Volume Sampler 

Moisture Probe 

"u OVA Other: 

Based on the contaminant concentratlms in soil and,dr the airborne 
concentration limits and the instrument capabilities, set instrument alarxx~ 
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 measured indirectly, also enter actiofl/alarm level for the contaminant 
carrier (e.g., maximum allowable dust concentration). This will be the ratio 
of action level to contaminant concentration in soil. If the instrument 
measures more than one contaminan6 enter most restrictive action level. 

If contaminant is measured directly, enter action level for the contaminan t. 

Measured Contaminant Carrier Action Level 
Instrument Parameter Action Level (if aDDlicable) 
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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 minimum soil moisture and maximum wind speed criteria. 

Minimum soil moisture: % 

Maximum wind speed: mPh 

IC] 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 a d  repeat measurement. This activity 
should be conducted under the supexvkisn of the proJect manager. 

Final soil moisture: 96 

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. 

Wind blowing from: 

Wind speed mPh 

Distance of instruments from work area: 

0 Power the instruments and venfy their proper operation. 

0 Begin work activities. Monitor the instruments periodically to ensure that all 
parameters are within established action levels. 

0 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. 

0 Temporarily cease activities if average wind speeds exceed pre-established 
limits during two consecutive 15-minute intervals; resume activities when winds 
abate below limit €or two consecutive 15-minute intervals. 
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If any of the concentration measurements exceed the action levels or alarm 
settings: 

CEASEALLWORKACTIVITIES 

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 resolutiorn 

Evaluate and report the results of routine air s m p h g  analyses. 
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INTERIM-PLAN FOR PREVENTION OF 
CONTAMINANT DISPERSION 

I) 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 
(UOs) as part of the RFI/RI and IRA activities described in 
the Inter-Agency Agreement (IAG). Intrusive activities 
which fall within the scope of this IPPCD are those with the 
potential for producing appreciable quantities of suspended 
particulates (AQSP), primarily through mechanical actions. 
Intrusive activities potentially susceptible to producing 
AQSP include : 

o Monitoring well and soil/rock borehole installation. 

o Excavations such as trenching or test-pitting using 
powered equipment. 

Additionally, heavy vehicular traffic associated intrusive 
RFI/RI activities shall be considered as susceptible to 
producing AQSP. By contrast, activities such as surface 
soil sampling with hand implements are not considered as 
susceptible to producing AQSP. Attachment One identifies 
activities for which Standard Operating 'Procedures (SOPS) 
exist that will likely require application of the 
requirements identified herein. 
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. 

Special consideration shall 
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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). 

39 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). 

0 The Remediation Programs Division (RPD) Manager will be 
responsible for follow-up and auditing of the PM. 

49 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 Radioloaical/H&S Work Permit 
(HSP 6.05) and an Excavation Permit (HSP 6.019. 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 mph exist when the 15-minute average wind 
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speed exceeds 15 mph f o r  two consecutive 15-minute 
periods. 

Sustained wind speeds above 35 miles per hour (mph) 
as measured by an anemometer located in the 
construction yard at the 881 Hillside in the case of 
drilling and related investigative activities. 

When visible particulate matter emissions are 
observed originating from the intrusive activity. 

Soils moisture 'content ,less that 15 percent (to the 
extent practicable) on roadways adjacent to the 
activity area as measured with a Soiltest "Speedy 
Moisture Tester" or equivalent instrument. Soils 
can be wetted to increase the moisture content to 15 * 
percent if necessary. 

When Total Suspended Particulate (TSP) 
concentrations measured in the vicinity of the 
activity exceed the site-specific trigger levels. 
Site-specific trigger levels are developed for key 
occupational contaminants of concern in- each Site- 
Specific Health and Safety Plan. 
Figure 1 prgent typical site-specific trigger 
levels for Plutonium. 

Table 1 and 

4 e 2 1 ADDPTIOElAL 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 resuspensisn 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. 

o In the case of construction-related materials 

The potential for spreading contamination will be prevented 
through conscientious decontamination, material handling and 
monitoring practices. 
identified as follows: 

SOPS for these practices are 

0 SOP 1.3; General Equipment Decontamination 

0 SOP 1.4; Heavy Equipment Decontamination 
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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 

0 SOP 1.13; Containerization, Preserving, Handling, 

0 SOP 1.15; Use of Photoionizing and Flame Ionizing 

V and Shipping of Soil and Water Samples 

Detectors 

0 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 Viezobalancett Model 3500 
Aerosol Mass Monitor, real-time instrument (or 
equivalent). Local TSP measurements, in conjunction 
with site-specific trigger levels, will be used to 
guide the PM's evaluation of the potential hazards 
associated with activity related emissions- 

o In the special case of earth-moving activities 
related to Interim Remedial Action (IRA) 
construction, local TSP monitoring may be augmented 
with local high volume (Hi-Vol) air sampling. The 
determination to use Hi-Vol air sampling as well 
pertinent analysis, sampling duration, and quality 
control requirements, will be made at the pre- 
startup activity review. 
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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: 

0 

0 

0 

0 

Excavated soils that are not promptly backfilled 
shall be covered with a tarp or similar cover to 
prevent resuspension of particulate. 

Vehicular traffic will be minimized to the extent 
practicable, 

* 

Vehicular traffic shall not exceed 5 mph. 

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 €or 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 tReir effectiveness at preventing dispersion of 
contaminants from activities where there is a significant 
potential for producing appreciable quantities of suspendea 
particulate, 
documented in the Site-Specific Health and Safety Plan. 

Modifications to these requirements will be 
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ATTACHMENT ONE 
STANDARD OPERATING PROCEDURES 

TO CONSIDER FOR IMPLEMENTATION 
OF THE IPPCD 

I SOPs for Activities Likely To Be Impacted By the IPPCD 

Drilling and Sampling Using Hollow-Stem Auger 
Techniques 
Isolating,Bedrock from Alluvium With Grouted 
Surface Casing 
Rotary Drilling and Rock Coring 

SOP 3 . 2  

SOP 3.3 

SOP 3 . 4  

I1 SOPs That Af fect  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 AND TECHNICAL SUPPORT 

I RADIOACTIVE AMBIENT AIR MONITORING PROGRAM (RAAMP) 

The RAAMP has been in operation since the early 1970's. It 
consists of a network of 28  air sampling stations located on the 
RFP (Onsite Samplers), locations on the RFP perimeter (14 
Perimeter locations) and 14,samplers located in the community 
surrounding the RFP (Community samplers). Laboratory analysis 
for specific radionuclides is obtained from the samples acquired 
at these locations. The Colorado Department of Health (CDH) 
monitors a similar independent network of air samplers at RF'P 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 Program" . 

The RAAMP Manager is responsible for maintaining the 

Specific responsibilities of the RAAMP Manager that are relevant 
to the IPPCD include the following: 

o Prepare a monthly ambient air report for inclusion in the 
RFP Monthly Environmental Monitoring Report, 

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. 

o Schedule weekly air sampler inspection, biweekly air 

o 

o Calculate the air sample volume data with the sampler 
calibration information, 

11 LOCAL MONITORING OF TOTAL SUSPENDED PARTICULATE (TSP) AT 
PNDIVIDUAL 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 l-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. 
slightly in the IPPCD so that Total Suspended Particulate (TSP) 
is monitored rather than RSP. 
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 llLo-Volll 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. 

The technique has been refined 

The technique relies upon 

The Project 

Specific responsibilities of the SHSC that are relevant to the 
IPPCD include the following: 

o Instrument calibration and maintenance. 

o Performing the TSP monitoring activity. 

o Reporting monitoring results to the Project Manager and 
maintaining required documentation, 

Real-time TSP monitoring will, be conducted periodically over the 
duration of activities that have the potential for producing 
appreciable quantities of suspended particulate matter bearing 
potentially hazardous substances. 
at least twice daily. Additionally, emphasis will be placed on 
obtaining measurements at times when particulate emissions are 
expected to be greatest (i.e.r 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. 

I V  ADDITIONAL WORKER HEALTH AND SAFETY MONXTORING REQUIRED BY 
TEE SSHLSP 

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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TABLE 1.0 

LOCAL A I R  MONITORING TRIGGER LEVELS 

FOR 2 J 9 P ~ ~ ~ ~ ~ ~ ~  IN SOILS 

0.001 
0.01 
0.1 
1 
5 
10 
20 
40 
60 
80 
100 
200 
400 
600 
800 
1000 
1500 
2000 
5000 
10080 
20000 
50000 
80000 
100000 

1860500 
106050 
10605 
1061 
212 
106 
53 
27 
18 
13 
11 
5 
3 
2 

1.3 
1-1 
0.7 
0,s 
0.2 
O * l  
8-05 
0002 
0,013 
0.011 

200000 
20000 
2000 
200 

40 
20 
10 
5 
3 
3 
2 
1 

0,5  
0.3 
0,3 
0.2 
0.13 
0-10 
0,04 
0.82 
0.01 

0,004 
0.003 
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 (I) the Derived Air 
Concentration (DAC)/lO whish DOE recognizes as the criteria for 
implementing respiratory protection and (2) the RFF IlIARA based 
recommended annual committed effective dose equivalent of 1 . 8  
Rem/yea% 

Use of This Table 

1) Identify the approximate soil activity in the area where 
intrusive activities are to be conducted. 



2) Identify the corresponding DAC/10 and annual committed 
effective dose equivalent (i.e., 1.8 Rem/yr.) trigger 
levels. 
trigger the following actions: 

Those values represent TSP concentrations that 

A) Donning respiratory protection equipment: DAC/10 
threshold 

B) Stop intrusive actions and reevaluate the activities, 
conditions, and precautionary requirements 

Measure TSP breathing zone concentrations during intrusive 
activities using a Piezometric Balance, Mini-Ram, or 
comparable real-time instrument. 

3) 

4) 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. 

5) RFP ?4LARA 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. 

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. 

This implies that routine dust 
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HEALTH & SAFETY PRACTICES 

EGcG ROCKY FLATS e* -1 - ;  

HSP 6.01 
Page 1 of 11 
July 31, 1989 
Rep1 aces: 09/01/87 

I 
EXCAVATION PERM IT I 
1. SCOPE 

This practice addresses the responsibi l i t ies  and required act iv i t ies  
for  proper use o f  the Excavation Permit (see Figure HSP 6.01-1) in  
order to ensure that any excavation i s  made i n  a safe and proper 
manner and that required review by a l l  responsible personnel i s  
documented. 

I 

I 2.  APPLICATION 

1 
I 

8 
1 

The provisions o f  t h i s  practice apply to  a l l  excavations at Rocky 
Flats  Plant, with the exception o f  emergencies. 
emergency, work may be started without an Excavation Permit with the 
approval o f  the Sh i f t  Superintendent. This work shal l  be documented 
and coordinated in  the same manner as fo r  a routine Excavation 
Permit, by the function performing the work, and a formal Excavation 
Permit request shal l  be in i t iated within 24 hours after  the 
beginning o f  the emergency, 

I n  the case o f  an 

3. DEFINITIONS 

Permit Reauester 

Any responsible user who in i t i a tes  an Excavation Permit (RF 46635) 
request. 

Job Suoervisor 

Operative manager o f  personnel who dig the excavation and shore, as 
requi redo 

Sol i d  Waste Manaaement Unl t QSWMU) 

An inactive waste disposal area as defined i n  the Resource 
Conservation and Recovery Act (WCWA) 
and unknown hazards to  human health and the environment. 

These areas represent known 
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ROCKY FLATS EXCAVATlON PERMU 

LOCATiONlPROJECf TIlL5WCfiK DESCRIPTION: 
~ 

CONTRACTOR: CONTRACT D W G S H E ~ ~  NO: 

AUTHORIZATION NO: PERMIT NO: DRAWING NO: 

CAUTICN~CBSTRUCTlONStSPECW INSTRUCTIONS: 

LOCATOR TAPE ISSUED. PERMIT LIMITS (DURATIONISOUNDARY) -- . -- 
AAOIATION MONITORING SURVEY/RESULTS 

APPROVALS 

- RESPONSIBLE J08 SUPERVISOR: 
OPE*%TOR: 
EXCAVATION CGOKDINATOR: DATE: 

DATE: _------------ DATE: 

Figure HSP 6,Ol-1. Excavation Permit 
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4.  

4 .1  

4.2 

RESPONSIBILITIES 

Job SuDervi sor/Constructi on Manacrement (CM) Excavation Coordinator 

The Job Supervisor/CM Excavation Coordinator is responsible for the 
foll owing : 

o Ensuring that a properly completed Excavation Permit is issued 
prior to the start of any excavation, or driving of rods deeper 
than two feet. 

o 

o Performing daily inspections of all plantsite excavations in 

Obtaining Excavation Permits for Contractors 

process. 

o Performing pre-entry inspections of excavations which require 
shoring or other means of protection. 

o 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. 

o Submitting a sketch of drawing(s) depicting the excavation 
site, along with the Excavation Permit request to Facilities 
Engineering (PCSE) for approval. The drawing(s) shall remain 
with the Excavation Permit request through the review and 
approval process. 

H&S Area Enaineer 

The H&S Area Engineer is responsible for the following: 

o Setting the limits o f  the Excavation Permit, using input from 
permit-coordinating activities. 

Determining the review/signature requirements for the 
Excavation Permit. 

o 

o Determining, and indicating on the Excavation Permit, whether a 
survey by Radiological Operations i s  required. 
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4.3 Facilities Enuineerina/Plant Civil Structural Enaineerina (PCSEL 

Facilities Engineering/PCSE is responsible f o r  the following: 

o Reviewing and dispositioning the Excavation Permit request and 
its accompanying documentation. 

o Assigning the Excavation Permit request a control number and 
providing the permit requester and CM Excavation Coordinator 
with an updated Site Utility Drawing or sketch of the area. 

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, 

4.4 Environmental Restoration 

Environmental Restoration is responsible for reviewing and approving 
excavations in any SWMU. 

5. WORK PRACTICES 

5-1 Submittinathe 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 Engineesing/PCSE for approval. 

5.2 Noti f icat i ons 

5 .2 -1  Job Supervisor 

The Job Supervisor/CM Excavation Coordinator must be notified, at 
least 72 hours in advance, o f  all excavations prior $0 the start of  
the job. 

5 2.2 Fi re Department 

Notify the Fire Department f o r  either of the following: 

o I f  excavations are expected to be deeper than nine feet 
(X4336) . 
In the event of fire, cave-in or medical emergency (X2911). o 
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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 noti f i cat i ons 

Personal Protective Eauipment 

Required personal protective equipment shall be 
H&S Work Permit, per HSP 6.05, "Radiological/H&S 

Preol anni nq 

Minimum Distance for Spoil Placement 

HSP -6 81 
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July 31, 1989 

dent 
Work 

fied on the 
Permits. " 

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. 

Providing Safe Access /Egress toffrom Excavations Deeper than 4-feet 

This shall 

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 

Revi ewi ng Drawi ngs/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 vertjcal) 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- he1 d shovel s . 
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5.4.6 

5 ,4*9  

5.4.8 

5.4.9 

5 -4-10  

5,4.1% 

Excavating in SWMUs 

Read the description of the SWMU unit to obtain information on known 
or potential site hazards. 

i 

1)  For Non-Emersencv Immediate Need Excavation in SWMUs 

Notify Environmental Restoration, Industrial Hygiene, and 
Radiological Operations of the area and need as soon as 
possible. 
environmental safety precautions. 

These groups shall determine appropriate worker and 

2)  For Emeraencv 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 Equi p e n t  

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 Utilsty 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 UtllSty 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. AI1 new utilities 
shall be annotated on the drawing. 

Encountering Unusual Substances 

If any unusual substances, odors, ltquids or materials are 
encountered during excavation, not i f i cat ion shal l be made to 
Environmental Restoration, Industri a1 Hygi @ne, and Radio1 ogical 
Operations. 

Protecting or Barricading the Excavation 

Adequately protect or barricade the excavation at a41 times. 
Protection consists of physical barriers, such as covers, fencing, 
planking, railing and warning/caution signs and lights. 
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Working Near Loads or Earthmoving Equipment 

Do not work under or near loads, or earthmoving equipment. 

SDecial Assistance 

Encountering Buried Objects or Suspect Liquids 

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. 
this input to update the Master Site Utility Drawings. 

PCSE shall use 

SHORING REQUIREMENTS 

Concurrence with OSHA Standard 

Shoring requirements shall concur with OSHA 29 CFR 1926, 

Shorina and ShaDinq 

Unless the excavation is in solid rock, shore the sides of all 
excavations five feet or more deep, or shape to the proper angle o f  
repose at any location where personnel entry is required. 

Soeci f icat ion 

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 
o f  the trench on either side of the work zone. A trench shield may 
also be used when appropriate (see Figures HSP 6.01-2 and HSP 6.01- 
3) * 
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Figure HSP 6.01-2. Approximate Angle sf Repose fop Sloping of  Sides of  
Excavations 

Figure MSP 6.01-3. One Example of Several Types o f  Sheeting 
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6.3.1 Use o f  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. 

6.3.2 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. 

6.3.3 Use of Prefabricated Moveable Trench Shield 

Use of a prefabricated moveable trench shield may be substituted for 
shoring, if the specific application is approved by the H&S Area 
Engineer or the CM Excavation Cbordinator. 

6 * 4  

6.5 

6.6 

6.7 

Shorina 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 . Instal 7 
shoring from the top down; remove shoring from the bottom up. 

Place the shoring as close to the end of the 

Inspect all excavations daily and especially after storms or other 
hazard-increasing occurrences; increase the protection against 
slides and cave-ins, as required. 

JnsDection 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 o f  the Excavation 
Permit. If there is a change to the excavation or shoring 
configuration as the job progresses, this inspection must be redone. 

YDdatina 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 Coord’l nator 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 Additional Information 

For additional information OR safety for excavations and trenches, 
see OSHA 29 CFR 1926. 

7 .  FORMS 

RF 13010, "Work Permit" 

RF 46635, "Excavation Permit" 

8. REFERENCES 

OSHA 29 CFR ,1926, "Construction Industry Standards" 

HSP 6.05, "Radiological/H&S Nork Permit" 

RFP Inactive Waste Units, Reference: May, Chen and Associates 
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CONCURRING SIGNATURES: _ .  

- 7- 2-73 
Bate 

JL & 
. L. A l v a r e z  

i l  ant Health Physicist 

77L /* 
Date 0 

oject Managwent 

Manager, Industrial Hygiene 

Manager, Construction Management 

bate 
w; 

K.' 8. McKinley 
Manager, RCRA/CERU Program 

. Mc41enus Oate 
Manager, Liquid Waste Management 

Y F m L  
K, F. Miller 
Manager, Fire Department 

R. "b. Newby - 
Manager, Plant Protection 

G. 64, Setlock Date 
Hanager, Envi ronnenta?/Hea? th Programs 

Date 
Manager, HS&E Area Management W 
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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 I 
Job Suoervisor 

The immediate supervisor of the employees performing the work. 
contractor work, the Job supervisor i s  the Construction Management 
(CM) Coordinator. 

For 

Resoonsible User 

The supervisor who normally controls the area or equipment, 

Job Personnel 

The employees actually performing the work described on the 
Radiologieal/H&S Work Permit. 

4. GENERAL RESPONSIBlbIPIES 

4.1 Job Suoervisor 

I 
I 

The Job Supervisor is responsible f o r  initiating a Radiological/H&S 
Work Permit when required, for coordinating the completion of the 
permit, for ensuring the overall safety of the Job, and for 
complying with the requirements of this practice. 
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RPT Signature 

Fi ~ u r e  HSP 6.85- 1. Radi ol ogi  cal /H&S Work Perm1 t Page 1 
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The mJority of the section is 10 be compleIad by the re6pormibk user. The quectbm concemmg bckod and tagouls to be comp(nsd 
jo~nIly by the user and job urpenrmor. 

V -- 
lhe nakwll be mwevedwth all personnel that will be hrvolvad in the )ob.lheywill(h.n mgn lhattby understand the pemlt and IIW 
requlrsmems. The pb supervwor or mpondbb wef will notity the building manager ot the upcormng work and inl~kl the permil. l h  
mspomble user. job wpewkor. M S  A m  hgmaer, and any other M S  disdplmne ruqqured by the A s s  Enginearml sgn the pem 
W e n  appficable. the RBdokglcal Pmeclbn Fonman and contraclor w p e m  will a b  sign this I.cckn 

Tna pemd~ can be extended beyond one only with the penni66m 01  he M S  Area Engineer. The Job wpenmror(s) muss tour the 
work area each workhg shnC of ePm wedthg day 10 emun compllance mth H6S requinmcwrm and lnhlal Seaion VI of the vhlte copy 
and the card copy to tndkate thn was done. - 
BistribuIe ud retain a6 indmled. pwt urd u the jobae. and remove and dearoy the ad when the pemr has expired 

Figure HSP 6,05-2, Instructions for Completing Radiological/H&S Work Permit 
(on back of RF 13010) 
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FIRE AND EMERGENCY - DIAL 2911 P.p.2d2 

F i g w e  HSP 6 . 0 5 3 .  Wadiological/H&S Work Permit, Page 2 
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4.2 Resoonsi 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. 

4.3 

4.4 

4.5 

Job Personnel 

Job personnel shall comply with these requirements and the 
precautions specified on the H&S Work Permit. 

H&S 'Area Enqineer 

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. 

Ooerations Manaaer 

The Operations Manager, who is notified of all work covered by a 
Radiological/H&S Work Permit shortly before the work begins, has the 
authority to modify or halt work plans. 

5. REQUIRED PERMITS AND REVIEW 

A Radiological/H&S Work Permit is required for the following jobs: 

5.1. Breakinq the Primary Containment o f  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 
Radiological Operations. 

5.2 

5.3 

Work Usinq Breathinq Air 

When personnel perform work using breathing air, i.e., self- 
contained or supplied air, except for work which i s  covered by an 
H&S-approved practice. 

Work Inside Plenums. Ducts, Gloveboxes 

When personnel shall be working inside plenums, ducts, or 
gl oveboxes. "Working inside" i s interpreted as the enti re body being 
inside the duct, glovebox or plenum. In such cases, the permit must 
be reviewed and signed by the Operations Manager as the Responsible 
User. 
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5.4  

5.5 

5.6 

5.7 

5.8 

5.9 

5.10 

Work on Air-Handlinq Systems, Air Stacks 

For any work on air-handling systems, including opening o f  exhaust 
systems, or work on air stacks, etc;, except for pre-filter changing 
of room-air exhaust ducts, heating, ventilating, and supply plenums. 

Glovebox and Hood Filter Chanqes 

For glovebox and hood filter changing. 

Work on Radioactive Sources 

For any work on radiation-producing devices or systems containing 
radioactive sources except alpha-mets and combos (combination 
hand/foot checking instruments), 

Exhaust and P1 enum F i  1 ter Chanqi ng 

For exhaust and reci rcul ati ng plenum f i 1 ter changing. 

Phvsical Chancres to Potable Water or Process Drainme 

For any physical changes to potable water or process drainage. 

Interruption of Environmental SamDlers 

For interruption of environmental samplers. 

Work on Exposed Electrical Systems 

For work on exposed electrical systems, as follows: 

o High voltage (>600 V-AC), energized or de-energized. 

o Repair of any energized electrical system. 

o Troubl eshoot i ng testing , or cal i brat i ng any energized el ectri sal 
system, except when both of the following two conditions are met: 

The work i s  performed by one of the following crafts: 
A1 arm/Telecommunications Technician; Auto MecRanic/Vehicle 
Modification Mechanic (vehicles only); Electrician Technician; 
Electronics Technician; Lineman-El ectrici an; Electrician; 
Qualified Support Engineers; Metrology Technicians; 

and 

The craftsperson/qualified Support Engineer has been trained in 
safe work practices of electrical systems/equipment, is aware of 
electrical hazards and the necessary protective requirements, and 
the training i s  documented. 
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5.11 

5.12 

5.13 

5.14 

5.15 

5.16 

5.17 

5,18 

SDecified Interkmtion of Electric Power 

For interruption of electric power affecting more than the piece of 
equipment being worked on, except for scheduled power outages. 

SDecified Nonroutine Hoistinq/Riqqinq of EauiDment 

For nonroutine hoisting/rigging of equipment during construction or 
rnai ntenance operat ions, such as gl oveboxes, machinery, transformers 
or other critical equipment. 

Possibilitv 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 Susoected 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 
practice 

Potential for Hazard Exists 

Where a hazard is suspected to exist or could be created, such as 
work involving high pressure (greater than 15 lbs per sq. in.), high 
temperature (greater than 2BOoF), caustics, acids, or other 
hazardous materi a1 s per HSP 9 e 07, "Written Hazard Communi cations 
Program. I' 

Temoorarv Reassisnment of Eauioment 

For temporary reassignment to Maintenance of the responsibility for 
an area or piece o f  equipment. 

Operatins Mobile Cranes Outside Desiqnated Construction Area 

When operating mobile cranes outside of the designated construction 
area and near existing structures or recognized hazards, e.g., near 
overhead power lines and surfaces. 

When Reauested bv the Oriqinator of the Permit 

If requested by the originator of the permit, any employee involved 
in the preparation or execution o f  the job, the Job Supervisor, the 
Responsible User, an H&S Area Engineer, any H&S discipline, or the 
Fire Department. 



HEALTH a SAFETY PRACTICES 
Radi 01 ogi cal /H&S Work Permit 

5.19 

5.20 

6. 

6.1 

6.2 

6.2.1 

HSP 6.05 
Page 8 of 17 
June 20, 1990 

Paintincr with Flammable-Based Paints 

For any painting with flammable-based paints (see HSP/FLP 34 .04) -  

Soecified Ladder/Scaffold Work in a Controlled 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 Com~lete the Radioloqical/H&S Work Permit 

Figure HSP 6.05-4 summarizes the activities in completing a 
Radiological/H&S Work Permit. The instructions for completing the 
permit ire as follows: 

Section I: Job Information 

This section is to be completed by the 
contractor work, the Job Supervisor is 

JOB NAME: Enter the name of job as it 
construction package. 

Job Supervisor. For 
the CM Coordinator. 

appears on the work order or 

AUTH OR WOI:  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 o f  the permit. 
work instructions such as an "A "  or "Bt8 package, Job Safety Analysis 
(JSA) or other written instructions and submit to the H&S Area 
Engineer for review with the permit, including only that portion of 
the work to be covered by the work permit. Specify the location of 
the worksite using established identifiers such as column numbers, 
glovebox numbers or electrical panel numberso Fixed Price and CPFF 
construction contracts shall not require the "A" or "8" package for 
authorization work. The JSA or written instructions requirement 
shall be determined on a case-by-case basis by the H&S Area Engineer 
and Construction Safety. 
shall be determined on a case-by-case basis by the H&S Area 
Engineer . 

Enter the building and room number in which the 

Enter the start date and times for which the 

Enter a brief description of the work to be 
Identify any related 

Other activities requiring a work permit 
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RESPONSIBILITY 

-~ ~ 

1 -  

I Complete Section I Job Supervisor 
I 

I I 

)Complete Section I I  & I V l  
! 

I 
J Complete Section III  1 
1 

I 
1 

I 

I 

I Sign Section V I 
lJob Review w i t h  Workers I 

Responsi bl e User 

H&S Area Engineer 
and Radiological Operations 
Foreman* 

Job Supervisor 
and Job Personnel 

i Pre-Job Survey* i 
1 I 

Radi 07 ogi cal Operations 
Techno1 ogi  s ts  

i 
I 
I 
I Work Begins I Job Personnel 

I 

i Work Completed i 
I 
I 
I 
I Post-Job Survey* I 
I I 

Job Personnel 

Radi 01 ogi ca9 Operat i ons 
TecRnol ogi sts 

* Required only i f  working i n  an area of potential radioactive 
contarnination. 

Fi gure HSP 6.05-4. F1 owchart for Radi ol ogi ca7 /H&S Work Permi t 
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6.2.2 Section 11: Description of Hazards and Section IV - Preparation for 
the Job 

The Responsible User completes Sections I1 and IV. 

6.2.2.1 In Section I1 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 materi a1 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 
hydrau’l i c  system. 

Indicate the temperature and pressure 

FIRE SUPPRESSION INTERRUPTION: 
area will be interrupted. 

OTHER HAZARDS AND PRECAUTIONS: 
precautions that do not appear elsewhere on the permit. 

Indicate if fire suppression in the 

Enter any other hazards and 

6.2.2.2 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 

6.2.2.3 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 

6.2.3 Section 111: Radiological and Nonradiological Safety Requirements 

This section is to be completed by the H&S Area Engineer and, if the 
job involves possible radioactive contamination, Radiological 
Operations. Radiological Engineering review and approval is 
required for all work inside a Controlled Area, and for work 
involving radioactive materials or radiation producing devices 
outside a Controlled Area. 

6.2.3.1 The H&S Area Engineer shall review the scope of the job, determine 
if a job site review is required, and indicate so at the top of 
Section 111. 

If a job site review is required, the Job Supervisor, Responsible 
User, H&S Area Engineer and any other necessary personnel shall 
visit the job site before completing the H&S Work Permit within 24 
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hours before the job is to begin. They shall discuss the work to be 
performed and identify any hazards and safety precautions which must 
be taken. 
entered on the work permit. 

Relevant safety information from this review shall be 

6 . 2 . 3 . 2  The H&S Area Engineer shall indicate if this job requires an "A" 
Package or a Job Safety Analysis (JSA) based on the following 
criteria: 

"A" Packaue 

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 
i ncl ude si te preparation, construction, and i nstal 1 at i on. 

o Repair, replacement, modification, and/or installation work 
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 job steps, identification of potential 
hazards, and precautions which shall be taken, per MSP 2.11, "Job 
Safety Analysis." A JSA is required for contractor work meeting the 
foll owing criteria: 

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 bSA 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 tip1 e Work Permits 

Jobs with several unrelated hazards may require the issuance of 
multiple work permits to authorize performance of specific work 
segments. When multiple work permits are uti1 ized, 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 o f  Section 111. 

The remainder of Section 111 shall be completed by the H&S Area 
Engineer and Radiological Operations as follows: 

PROTECTIVE APPAREL: 
Consider radiological, chemical, electrical, and other safety 
hazards when completing this section. 

CONTAMINATION CONTROL/VENTILATION REQUIREMENTS : 
contamination control or ventilation requirements. (Note: The need 
for a portable SAAM shall be noted on the "other" line of this 
section. ) 

Check the protective apparel required. 

Check any speci a1 

RESPIRATORY REQUIREMENTS: 
radi ol ogi cal and chemical hazards. 

RADIOLOGICAL OPERATIONS REQUIREMENTS: Indicate if Radio1 ogical 
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. 

Check respirator requirements for 

DOSIMETRY REQUIREMENTS: Indicate dosimetry requirements. 

ELECTRICAL PROTECTION REQUIREMENTS: 
consult with the Job Supervisor in order to complete this section. 
Indicate electrical protection required. 

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, 
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RADIOLOGICAL OPERATIONS POST-JOB SURVEY: Radiological Operations 
shall survey the area at the completion of the job, complete this 
section and sign. 

OTHER SPECIAL REQUIREMENTS: Any safety requirements (e.g., 
scaffolding or excavation shoring) not covered by the checklists in 
this section shall be noted here. 

6.2.3.7 

6.2.4 

6.2.4.1 

6.2.4.2 

6.2.4.3 

6.2.5 

6.2.5.1 

6.2.5,2 

After completing applicable parts of Section 111, the Radiological 
Operations Foreman shall sign Section V. For those jobs requiring 
the support o f  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. 

A t  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 
appl icabl e, 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 
of job personnel shall require that replacement personnel be briefed 
and that they sign in Section V. 

Secti on VI : Permit Extens i on 

The actual work shall proceed during the time specified on the work 
permit. 
one shift of work unless extended by overtime and/or specifically 
approved by the H&S Area Engineer. 

Normally, a Radiological/H&S Work Permit is issued for only 

The H&S Area Engineer may authorize an extension of the H&S Work 
Permit under extreme circumstances after the actual work has 
started. The extension date shall be entered on the form and the 
H&S Area Engineer shall sign Section V I .  Extensions for CPFF and 
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I 
Fixed Price Authorization non-radiological work may be granted up to 
seven consecutive days when the permit i s  issued, including a l l  
three sh i f t s  o f  each day. 

Supervisor i s  required to  review the work area da i ly  t o  ensure 
compl iance with health, safety and environmental standards. The Job 
Supervisor acknowledges that th i s  review has been conducted by 
entering the date and his/her i n i t i a l s  i n  the blanks provided. 
work i s  being performed on more than one sh i f t ,  each Job Supervisor 
on each shift  shal l  i n i t i a l .  I n i t i a l s  and dates shall  be entered on 
the Job Supervisor 's white copy o f  the permit and the posted card 
copy o f  the permit. 

Extensions are subject to cancellation by the H&S Area Engineer if 
violat ions t o  the above requirements are cited. 

I 

i 
I 
I 

6.2.5.3 For a l l  Radiological/H&S Work Permit extensions granted, the Job 

I f  

6.2.5.4 

6.2.6 Changing Conditions 

6.2.6.1 If, during the l i f e  o f  the permit, conditions i n  the job area change 
o r  job personnel change, a new work permit i s  not necessari ly 
required. 

o Minor Chancres .-- 

I 
_. 

I 
I 
I 6 . 2 . 6 . 2  

6 * %  
I 

Minor changes i n  the work permit can be made as long as these 
changes are noted on the white copy and card copy o f  the permit 
and in i t i a led  and dated by the H&S Area Engineer and the 
changes are clearly  understandable after the work permit i s  
modified. Any changes must be reviewed with the Job personnel. 

o New Personnel 

S imi lar ly,  any new personnel added to  the job during the l i f e  
o f  the work permit shall  review the permit and s ign  the white 
copy and card copy o f  the permit. 

Major changes i n  personnel o r  job conditions, that cannot be clearly  
indicated on the exist ing work permit, may dictate that a new work 
permit be generated. 

Post-Job Survey 

I f  Radiological Operations was required on the Job, a post-job 
radiation protection survey shall  be performed when the job i s  
completed. 
shal l  indicate that the area or  i t em has been returned to  the fixed 
and removable levels ,  per ROI 3.1. The resu l t s  must be recorded on 
the l a s t  Radiological/H&S Work Permit issued for  the job (on the 
white and yellow copies o f  the form, as a minimum). 

Pr ior  to  the release o f  an area or  item, the survey 
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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 P an-of-the- 
Day (POD) meeting where applicable. Ideally, all work for the 
following day should be identified at the POD and avai able for 
review by H&S. 

Off-Shi fts 

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 &hours old 
when the work 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, "Safetg Responsibilities for Construction Contractors" 

HSP/FLP 34.04, "Application of Floor Paint and Sealer" 

Mtce 3.4, "Maintenance Work Packages" 

ROI 3.1, "Performance o f  Surface Contamination Surveyss1 

I 

I F o ~  additional information on this practice, contact I 
I I(. E. Cavin, Radiological Building Engineering, x5151, I 
I I or W .  R. Richardson, H&S Area Engineering, ~ 2 3 2 5 .  I 
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CONCURRING SIGNATURES: 

4 L/l 4 / 9 0  
Date 

4 Lc/. L W & u  
D. W. Ferrera 
Director, Support Servlces 

Manager, Maintenance 

2\ 

0. K. Hardin 
Acting Manager, Radiological Operations 

&md&.cc- 
K. F. Miller 
Manager, Fire Department 

A 

6- 13-30 6 R  
J. M, Shaffer Date 
Manager, FPM Program Control 

& b-"-+Q 
3. 0. Weaver d Date 
Manager, H&S Area Engi neeri ng 
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