
m .I - U-005-409.4 

5447 

RADIATION DOSE AND RISK ASSESSMENTS 
SUPPORTING THE OPERABLE UNIT 3 PROPOSED 
PLAN AND ENVIRONMENTAL ASSESSMENT FOR 
INTERIM REMEDIAL ACTION DRAFT APRIL 1994 

04/01/94 

ENV. DIM. INC/DOE-F'N 
500 
REPORT 



RADIATION DOSE AND RISK ASSESSMENTS 

SUPPORTING 

OPERABLE UNIT 3 

PROPOSED PLAN AND ENVIRONMENTAL ASSESSMENT . 

F.OR 

INTERIM REMEDIAL ACTION 

APRIL, 1994 

FERNALD ENVIRONMENTAL MANAGEMENT PROJECT 

FERNALD, OHIO 

U.S. DEPARTMENT OF ENERGY 

FERNALD FIELD OFFICE 

ENVIRONMENTAL DIMENSIONS inc. 
4206 LOLWWA BLVD. NE. SUTE B * ALBUQUERQUE. NEW MEXICO 87109 0 PHONE (505) 881-9427. FAX (505) 881-0372 

QOOOOQ 
100000 



ED1 

RADIATION DOSE AND RISK ASSESSMENTS 

SUPPORTING 

OPERABLE UNIT 3 

PROPOSED PLAN AND ENVIRONMENTAL ASSESSMENT 

FOR 

INTERIM REMEDIAL ACTION 

APRIL, 1994 

@RAFT) 

FERNALD ENVIRONMENTAL MANAGEMENT PROJECT 

FERNALD, OHIO 

U.S. DEPARTMENT OF ENERGY 

FERNALD FIELD OFFICE 

ENVIRONMENTAL DIMENSIONS inc. 
4206 LOUISIANA BLVD. NE. SUITE B 9 ALBUQUERQUE. NEW MEXICO 87 109 0 PHOM (505) 881-9427. FAX (505) 881-0372 



^ . 

TABLE OF CONTENTS 

EXECUTIVE SUMMARY . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1 

1.0 INTRODUCTION . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  6 
1.1 Proposed Plan . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  6 
1.2 Site Conditions . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  7 

1.2.1 General Background . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  7 
1.2.2 Changing Conditions . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  8 

1.3 Risk Assessment Objectives and Approach . . . . . . . . . . . . . . . . . . . . . .  10 
1.3.1 Objectives . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  10 
1.3.2 Risk Assessment Approach . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  11 

/ 

1.2.3 Conditions and Scope for this Assessment . . . . . . . . . . . . . . . . .  9 

1.4 Organization of this Report . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  14 

2.0 CONTAMINANTS 'OF POTENTIAL CONCERN . . . . . . . . . . . . . . . . . . . . . .  15 
2.1 Overview . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  15 

2.1.1 Uranium . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . . . . . . . . . . . . .  15 
2.1.2 Thorium . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  16 
2.1.3 Fission Products and Transuranics . . . . . . . . . . . . . . . . . . . . . . .  17 
2.1.4 Uranium Byproducts . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  18 

2.2 Plant Related Contaminants . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  19 
2.2.1 Airborne Dust Analytical Data . . . . . . . . . . . . . . . . . . . . . . . . .  19 
2.2.2 Relative Isotopic Ratios . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  29 
2.2.3 Airborne Isotopic Concentrations . . . . . . . . . . . . . . . . . . . . . . . .  34 
2.2.4 Qualifying Information . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  36 

2.3 Soil Related Contaminants . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  38 

3.0 METHODS FOR M I A T I O N  DOSE AND RISK ASSESSMENTS . . . . . . . .  40 
3.1 Conceptual Model' . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  40 
3.2 Radiation Dose . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  42 
3.3 Risk . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  45 
3.4 Application . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  46 

4.0 DOSE AND RISK DUE TO DECONTAMINATION AND 
DISMANTLEMENT . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  49 
4.1 In-Plant Workers . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  49 

4.1.1 Airborne Pathway . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  49 
4.1.2 External Radiation Exposure . . . . . . . . . . . . . . . . . . . . . . . . . . .  50 
4.1.3 Summary of Dose and Risk to the In-Plant Worker . . . . . . . . . . .  51 

4.2 The Other On-Site Worker . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  53 
4.3 The Off-Site Resident . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  57 
4.5 An Accident Scenario . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  59 

. 
* I  ... ?.....i. j 000002 



. . . . . . . . . . . . . . . . . . . . . .  
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

5.0 DOSE AND RISK DUE TO SAFE SHUTDOWN 64 
5.1 In-Plant Worker 64 
5.2 Other On-Site Worker . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  66 
5.3 Off-Site Residents . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  68 

6.0 DOSE AND RISK FROM THE CENTRAL STORAGE FACILITY . . . . . . . . .  70 
6.1 Introduction . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  70 
6.2 Dose and Risk Due to Waste Soil . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  70 

6.2.1 Introduction . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  70 
6.2.2 In-Plant Worker . . . . . . . . . . . . . . . . . . . . .  : . . . . . . . . . . . . . .  71 
6.2.3 Other On-Site Workers . . . . . . . . . . . . . . . .  : . . . . . . . . . . . . . . .  71 
6.2.4 Off-Site Residents . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  72 

6.3 Dose and Risk due to Plant Wastes . . . . . . . . . . . . . . . . . . . . . . . . . . .  75 
6.3.1 Introduction . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  75 
6.3.2 In-Pl&t Workers . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  76 
6.3.3 Other On-Site Workers . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . . .  76 
6.3.4 Off-Site Residents . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  77 

6.4 Summary of Dose and Risk from the CSF . . . . . . . . . . . . . . . . . . . . . .  79 

7.0 DOSE AND RISK FROM OFF-SITE TRANSPORTATION OF WASTES . . . .  80 
7.1 Introduction . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  80 
7.2 Incident Free Transport . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  81 

7.2.1 Conceptual Model 81 
7.2.2 User Provided Input Parameters . . . . . . . . . . . . . . . . . . . . . . . .  81 
7.2.3 RADTRAN Default Parameters . . . . . . . . . . . . . . . . . . . . . . . . .  83 
7.2.4 Incident-Free Dose and Risk Summary . . . . . . . . . . . . . . . . . . .  84 

7.3 Transportation Accident Scenario . . . . . . . . . . . . . . . . . . . . . . . . . . . .  85 
7.3.1 Conceptual Model . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  85 
7.3.2 Shipment Configuration for the Accident Scenario . . . . . . . . . . .  87 

7.3.2.1 Waste Containers and Waste Forms . . . . . . . . . . . .  87 
7.3.2.2 Selection for the Accident Scenario . . . . . . . . . . . .  88 

7.3.3 Accident Parameters . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  90 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  0 

7.3.4 Dose and Risk Summary . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  92 

8.0 DOSE AND RISK SUMMARY FOR REMEDIAL ACTIONS AND 
CONCURRENT OPERATIONS . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  94 
8.1 Introduction . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  94 
8.2 Summary of Dose and Risks from Proposed Remedial Actions . . . . . . . .  95 

8.2.1 Alternative 2 Decontaminate Only . . . . . . . . . . . . . . . . . . . . . . . .  95 
8.2.2 Alternative 3 Decontaminate and Dismantle . . . . . . . . . . . . . . . .  97 
8.2.3 Accident Scenario . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  98 

8.3 Safe Shutdown . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  99 
8.4 Central Storage Facility . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  99 
8.5 Off-Site Waste TransDortadon . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  100 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
loo a 8.6 Summary 

000003 
. .  



. .  Ell Q 54:41' 
REFERENCES . . . . .  0 
TABLES 

1 
2 
2- 1 
2-2 
2-3 
2-4 
2-5 
2-6 

2-7 

2-8 
2-9 
4- 1 
4-2 
4-3 
4-4 
4-5 

4-6 
4-7 
4-8 
4-9 
5- 1 
5-2 
5-3 
5 -4 
5-5 
6- 1 
6-2 

6-3 

6-4 
6-5 

6-6 

6-7 
7- 1 
7-2 

. . . . .  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  102 

Summary of Dose and Risk for Alternative 2 . . . . . . . . . . . . . . . . . . . . . . . .  2 

Bulk Dust Collector Samples . Plant 1 . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  20 
Bulk Dust Collector Samples . Plant 4 . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  21 
Bulk Dust Collector Samples . Plant 5 . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  23 
Bulk Dust Collector Samples . Plant 8 . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  26 
Bulk Dust Collector Samples . Plant 9 . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  28 
Activity Ratios of Alpha Emitting Radionuclides Derived from 

Dust Collector Concentrations . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  30 
Activity Ratios of Beta Emitting Isotopes to Uranium-238 from 

Dust Collector Concentrations . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  33 
Summary Calculated In-Plant Isotopic Airborne Concentrations . . . . . . . . . . . .  35 
O.U.5 RI Soil Concentrations . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  38 
In-Plant Worker EDE and Risk . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  51 
Annualized Source Term Releases . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  54 
On-Site Worker Maximum Annual EDE and Risk . . . . . . . . . . . . . . . . . . . . .  55 
Collective On-Site Worker EDE . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  57 
Annual Population Collective EDE for Routine Releases 

from Frou Plants . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  59 
Source Term for the Accident Scenario . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  60 
Collective On-Site Worker EDE for the Accident Scenario . . . . . . . . . . . . . . .  61 
Population Collective EDE for the Accident Scenario . . . . . . . . . . . . . . . . . . .  62 
Comparison of Alternative 3 and the Accident Scenario . . . . . . . . . . . . . . . . .  63 
Safe Shutdown Work Durations . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  64 
Safe Shutdown In-Plant Worker EDE and Risk . . . . . . . . . . . . . . . . . . . . . . .  65 
Other On-Site Worker EDE and Risk from Safe Shutdown . . . . . . . . . . . . . . .  66 
Collective Other On-Site Worker Dose Equivalents . . . . . . . . . . . . . . . . . . . .  67 
Collective Off-Site Resident EDE for Safe Shutdown . . . . . . . . . . . . . . . . . . .  69 
Estimated Annual CSF Releases from Soil Wastes . . . . . . . . . . . . . . . . . . . . .  71 
Annual Collective On-Site Worker Dose Equivalent Rate from 

Soil Waste Storage Releases . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  72 
Annual Population Collective EDE Rate from Soil Waste 

Storage Releases . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  74 
Estimated Annual CSF Releases from Soil Wastes . . . . . . . . . . . . . . . . . . . . .  75 
Annual Collective On-Site Worker Dose Equivalent Rate from 

Plant Waste Storage Releases . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  77 
Annual Population Collective EDE from Plant Related 

Waste Storage Releases . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  78 
EDE and Risk from the CSF . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  79 
Waste Shipment Quantities for Transportation Accident Scenario . . . . . . . . . . .  90 
Accident Scenario Parameters . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  91 

Summary of Dose and Risk for Alternative 3 . . . . . . . . . . . . . . . . . . . . . . . .  5 

t 
000004 



0 TABLES (continued) 

7-3 Transportation Accident Severity Fractions . . . . . . . . . . . . . . . . . . . . . . . . . .  91 
7-4 
7-5 
8- 1 
8-2 
8 -4 
8-5 
8-6 
8-7 

Expected Probability of Transportation Accidents . . . . . .  -. . . . . . . . . . . . . . . .  93 
Population Dose Resulting from Transportation Accidents . . . . . . . . . . . . . . . .  93 
Summary  of Individual Doses and Risks from Alternative 2 . . . . . . . . . . . . . .  96 
Summary of Individual Doses and Risks from Alternative 3 . . . . . . . . . . . . . .  97 
Summary  of Individual Dose and Risk due to Safe Shutdown . . . . . . . . . . . . .  99 
Summary  of Individual Dose and Riskd ue to CSF Releases . . . . . . . . . . . . .  100 
Summary  of Dose and Risk due to Waste Transportation . . . . . . . . . . . . . . .  100 
Radiological Doses and Risks by Receptor Group . . . . . . . . . . . . . . . . . . . .  101 

FIGURES 

1-1 Identification of Exposure Pathways . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  13 
4- 1 On-Site Worker Population Distribution . . . . . . . . . . . . . . . . . . . . . . . . . . . .  56 
7-  1 . Accident Severity Category Classification . . . . . . . . . . . . . . . . . . . . . . . . . . .  86 

APPENDIX A ATMOSPHERIC DIFFUSION MODEL CAPSS-PC 
A.l Description of CAP88-PC 
A.2 Application 
A.3 Reports 
A.4 References 
A S  CAPSS-PC Reports 

A.5.1 Four Plant Source Term On-Site 
A.5.2 Four Plant Source Term Off-Site 
A.5.3 Plant 8 Accident On-Site 
A.5.4 Plant 8 Accident Off-Site 
A.5.5 Safe Shutdown On-Site 
A.5.6 Safe Shutdown Off-Site 
A.5.7 Central Storage Facility - Soil Wastes - On-Site 
A.5.8 Central Storage Facility - Soil Wastes - Off-Site 
A.5.9 Central Storage Facility - Plant Wastes - On-Site 
A.5.10 Central Storage Facility - Plant Wastes - Off-Site 

APPENDIX B TRANSPORTATION MODEL RADTRAN 
B.l Description of RADTRAN 
B.2 Application of RADTRAN 
B.3 Reports 
B.4 
B.5 References 
B.6 RADTRAN 4 Reports 

Modeling of the Transportation Accident Risk 

B.6.1 Incident Free 
B.6.2 Transportation Accident 



3 

4 

5 

6 

7 

8 

9 

10 

1 1  

12 

13 

14 

15 

18 

19 

20 

21 

22 

23 

24 

25 

26 

27 

28 

29 

30 

EXECUTIVE SUMMARY 

This report describes risk assessments performed in support of the Operable Unit 3 

Proposed PldEnvironmental Assessment for Interim Remedial Action prepared for the 

Fernald Environmental Management Project of the U.S. Department of Energy (Dec., 

1993). The Proposed Plan will allow initiation of remedial actions for Operable Unit 3, 

the former Production Area, ahead of the current schedule for the Remedial 

InvestigationEeasibility Study in process at this CERCLA site. An Interim Record of 

Decision requires assessment of the estimated risks, associated with the proposed actions, 

by Region 5 of the U.S. Environmental Protection Agency, the Ohio Environmental 

Protection Agency, and the members of the community. Results of the risk assessments are 

summarized in the Proposed Plan. This report provides a broader and more detailed 

description of the risk assessments. 

A qualitative risk assessment could have been adequate however a quantitative risk 

assessment is required to demonstrate compliance with additional requirements under the 

National Environmental Policy Act (NEPA). The quantitative assessment enhances 

judgment for the Interim Decision of Record. 

It  is certain that a more accurate risk assessment will' attend completion of the formal 

RI/FS. However, there is sufficient current information to proceed with a quantitative 

assessment that will approximate results of the formal assessment. 

Historical information was evaluated to identify the contaminants of concern and the 

mechanisms and quantities that will contribute to occupational and public exposure and risk. 

This assessment included effects of the proposed Alternatives and also the cumulative 

effects of other concurrent and parallel activities. 

E 000006 



TABLE 1 Summary of Dose and Risk for Alternative 2 - Decontaminate Only (Four Year 
Project) 

Individual EDE 
Activity and Receptor Group (Rem) 

Decontamination 
In-Plant Workers 8.5E-01 
Other On-site Workers 3.OE-05 
Off-site Residents 7.2E-05 

Individual Collective EDE Collective 
Risk (person- Rem) Risk 

4.1E-04 9.2E + 01 4.4E-02 
1.4E-08 1.4E-02 6.7E-06 
4.3E-08 1.3E-01 ' 7.8E-05 

Safe Shutdown (') 

In-Plant Workers 
Other On-Site Workers 
Off-Site Residents 

9.5E-01 
' 3.5E-05 

1.1 E-04 

4.6E-04 1.2E + 02 5.8E-02 
1.7E-08 5.5E-02 2.6E-05 
6.6E-08 1.9E-0 1 7.6E-05 

Central Storage Facility 
(Waste Soil Only) 

In-Plant Workers 
Other On-Site Workers 
0 ff- Si te Residents 

8.5E-01 
1.2E-06 
3.OE-06 

4.1E-04 6.8E + 00 3.3E-03 
5.8E- 10 1.9E-04 9.OE-08 
1.8E-09 1.4E-03 8.4E-07 

Totals 
Other On-Site Workers 
Off-Site Residents 

Plant 8 Accident 
Other On-Site Workers 
Off-Site Residents 

(I) Project duration is 62 months. 

3*3E-m 1.9E- 
6.6E-05 3.2E-08 6.9E-02 
1.9E-04 1.1 E-07 3.2E-0 1 

7.7E- 10 1.3E-03 6.2E-07 1.6E-06 
2.6E-06 1.6E-09 2.5E-03 1.5E-06 

a 
. 
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The maximally exposed occupational worker is associated with in-plant remedial activities. 

The extent of dose and risk is proportionate to attendant airborne contaminants and external 

radiation fields withm the respective facilities. Dose and risk to other on-site workers, and 

to residents in the vicinity of the F E W ,  is dependent upon the extent of airborne releases 

from facilities undergoing remediation. The same is> true for other concurrent on-site 

activities. An accident scenario was also proposed and assessed which considered the 

effects of an uncontrolled release from a plant undergoing remediation. 

Table 1 summarizes the individual and collective dose and risk estimates for Alternative 2 

which comprises surface decontamination of the components within OU3. Exposures due 

to decontamination activities are presented along with the cumulative effects of two 

independent parallel activities. One of these independent activities is Safe Shutdown 

(Section 5.0) and the second is operation of a Central Storage Facility (Section 6.0). 

Results of the plant-related accident are shown for comparison. 

Exposures to the in-plant workers, due to implementation of Alternative 2 decontamination 

activities, are estimated to result in 850 mRem or approximately 213 mRem/yr. An 
occupational exposure limit of 5,000 mRedyr is promulgated in a number of regulations 

and in DOE Order 5480.1 1. An administrative control limit of 1,000 mRem/yr is employed 

by DOE-FEMP. The estimated dose rate of 213 mRem/yr is considerably lower than either 

limit and routine health physics controls are expected to further reduce exposures during 

cleanup. 

The acceptable carcinogenic risk range due to public exposures, resulting from the .proposed 

actions, is 1.OE-04 to 1.OE-06 (Section 3.3). 

tenth of that threshold. The estimated risk can also b'e compared to an individual risk of 

The estimated risk of 1.1E-07 is nearly one- 

approximately 7.2E-04 to a member of the public due exposure in the typical natural 

radiation background during that four year period. 

Table 2 summarizes the individual 

which consists of decontamination 

and collective dose .and risk estimates for Alternative 3 

and dismantlement of OU3 components. The additional 

. .  . . .  r . . r  
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8 

9 

10 

11 

12 

13 

14 

contribution from 

Alternative 3 will 

4- 544’ln 
Safe Shutdown activities remains the same as in Alternative 2. 

expand the scope of the Central Storage Facility with interim storage of 

plant-related wastes; the increased contribution is shown. An additional requirement for 

Alternative 3 is the need for a significant number of waste shipments for off-site disposal 

(Section 7.0); that contribution to occupational and public dose and risk has been estimated. 

In addition to the Plant 8 accident, the potential contribution from a waste transportation 

accident was determined. 

The maximally exposed individual worker receives the same annual dose rate for either 

Alternative. The Alternative 3 total dose is four times greater because of the 16 year period 

of remedial activities. The occupational dose is, again, significantly lower than regulatory 

and administrative controls. 

The maximally exposed off-site resident risk estimate of 6.2E-07 is lower than the 

acceptable risk range of 1.OE-04 to 1.OE-06. 

4 



TABLE 2 Summary of Dose and Risk for Alternative 3 - Decontaminate and Dismantle (16 Year 
Project) 

Collective EDE 
(person-Rem) 

5.4E + 02 
5.6E-02 
5.1E-01 

Activity and Receptor Group 

Decontaminate and Dismantle 
In-Plant Workers 
Other On-site Workers 
Off-site Residents 

Collective 
Risk 

2.6E-0 1 
2.7E-05 
3.1E-04 

Individual EDE 
I (Rem) 

1.2E + 02 
5.5E-02 
1.9E-0 1 

5.4E + 01 
3.9E-02 
3.OE-01 

3.4E + 00 
~ 1.2E-04 

2.9E-04 

5.8E-02 
2.7E-05 
1.1 E-04 

2.7E-02 
1.9E-05 
1.8E-04 

Individual 
Risk 

1.2E-05 
1 .OE-09 

1.6E-03 
5.8E-08 
1.7E-07 

2.5E-01 1.2E-04 
5.1E-01 3.OE-04 

1.9E-07 
6.2E-07 

Safe Shutdown (I) 

In-Plant Workers 
Other On-Site .Workers 
Off-Site Residents 

1.5E-01 7.2E-05 
1.5E + 00 9.1 E-04 

9.5E-0 1 
3.5E-05 
l.lE-04 

Central Storage Facility 
In-Plant Workers 
Other On-Site Workers 
Off-Site Residents 

3.4E + 00 
2.4E-04 
6.3E-04 

4.6E-04 
1.7E-08 
6.6E-08 

1.6E-03 
1.2E-07 
3.8E-07 

Waste Transportation 
Truck Drivers 
En-Route Public 

2.4E-02 
I 1.7E-06 

Totals 
Other On-Site Workers 
Off-Site. Residents 

4.OE-04 
1 .OE-03 

Plant 8 Accident 
0 ther On- S i te .Workers 
Off-Site Residents 

1.6E-06 
2.6E-06 

7.7E-10 
1.6E-09 

1.3E-03 I 6.2E-07 
2.5E-03 I 1.5E-06 

~ ~ ~~~ ~~ 1 (2)[ 2) 1 ; E z  I-7.OE; 
Transportation Accident 

En-route Public 

(1) Project duration is 62 months. 
(2) Not part of the RADTR4N assessment for incident-free transport. 
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1.0 

1.1 

INTRODUCTION 

Proposed Plan 

After 37 years of producing uranium and thorium products, the Department of Energy 

(DOE) Feed Materials Production Center (now the Fernald Environmental Management 

Project) formally ended production in July, 1989 to concentrate on environmental cleanup 

and restoration. In 1989, the Fernald site was placed on the Environmental Protection 

Agency (EPA) National Priorities List under the Comprehensive Environmental Response 

Compensation and Liability Act (CERCLA). A framework and schedule for restoration is 

provided in a Consent Agreement (EPA 1991). 

The CERCLA process includes remedial investigation and feasibility studies (RIRS) to 

identify optimum actions for adequate and reasonable remedial actions. Because of unique 

characteristics, and requirements for the RIRS, the FEMP was divided into five Operable , 

0 Units. A RIRS Work Plan for Operable Unit 3, the former Production Area. (DOE 1993) 

was conditionally approved by EPA on April 15, 1993. The current Consent Agreement 

requires that the RIFS reports for OU3 be submitted, for'a Record of Decision by EPA, by 

April 2, 1997. At that time, remedial actions would be initiated. 

The DOE and EPA have mutual agreement on many issues and methods for the restoration 

of O.U. 3. The formal RIRS process, as identified in the Consent Agreement, will proceed. 

However, more timely remedial action is possible. A Proposed Plan for Interim Remedial 

Action for Operable Unit 3 (DOE 1993a) has been submitted to allow EPA to issue an 

Interim Record of Decision. This would enable early remedies for more prompt 

environment controls with additional economic benefits. 

The purpose of this Radiation Dose and Risk Assessment report is to provide a best 

estimate of the risks associated with alternatives and related actions presented in the 

Proposed Plan for Interim Remedial Action. The conclusions from this dose and risk 

assessment are already provided in the Appendices and in the appropriate' Sections within 

OOOOfl 
6 
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the Proposed Plan. This report was prepared to cover the detailed methods used to reach 

those conclusions. 

3 1.2 Site Conditions 

4 1.2.1 General Background 

5 

6 

The Proposed Plan provides a reasonably extensive summary of site conditions. Only those 

features most germane to this dose and risk assessment are contained in this report. A brief 

7 summary follows. 

8 Operable Unit 3, the former Production Area, encompasses 136 acres and includes 

9 

10 

0:: 
approximately 200 buildings and facilities. Principle contaminants are associated with nine 

production plant complexes and their most immediate support facilities. These are the 

focus of this report. Significant other facilities are to be remedied, however, contaminant 

quantities are expected to be minor in comparison to those attending the nine plant 

13 complexes. 

14 

15 

16 

17 

18 

19 compared to soil contaminants. 

Operable Unit 3 is defined to include the production and support facilities, including sub- 

surface utilities, but not the soils and groundwater in the Production Area. The latter are a 

part of Operable Unit 5, Environmental Media. The RI process for O.U. 5 is farther along 

compared to O.U. 3. Where appropriate, O.U. 5 information is used in this assessment. 

There are limited, but noticeable, differences in the characteristics of in-plant contaminants 

20 

21 

22 

23 

Production activities were discontinued during 1987 and the nine plants contained a 

combination of feed materials, materials in-process, and wastes. Since that time, past and 

current activities have resulted in the removal of much of that material and equipment. It is 

expected that exercise of the Proposed Plan actions will deal only with contamination of the 

building surfaces and their fixed constructed features such as tanks. sumps, and similar 

items. Current conditions will be considerably altered when the Proposed Plan activities are 
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23 

21 
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26 

27 

a initiated. These remedial actions in the Proposed Plan are intentionally scheduled to follow 

the intervening shutdown and removal activities that are identified and are in progress. The 

following Sections describe those related activities. 

Appendix B of the Proposed Plan (DOE 1993a) provides information of the potential and 

known contaminants for over 200 buildings, facilities, or features. In addition, surface 

contamination measurements taken from 1989-92 are presented. In many cases, the latter 

data show areas with relatively higher surface contamination; many have been 

decontaminated as part of routine control practices. Airborne radiological concentrations, 

for 18 buildings, are also summarized in that Appendix B. The latter reflect post- 

production airborne concentrations which are scaled up, later in this report, to estimate 

inhalation by in-plant workers and to estimate airborne releases from the Plants. 

1.2.2 Changing Conditions 

A number of O.U. 3 actions are in progress which are reducing potentially hazardous 

inventories and improving control of contaminants. A number of Removal Actions we 

proceeding independent of the Proposed Plan. Approximately 15,000 drums of thorium are 

being shipped off-site for disposal and relatively minor quantities will remain in the 

Thorium Storage Buildings (DOE 1991b). A major fraction of current contaminant 

quantities will be removed. or containerized for interim storage before the Proposed Plan 

investigations are initiated and alternatives are implemented. Certain major facilities, such 

as the Plant 1 Ore Silos (DOE 1992), will be remediated through Removal Actions. 

Another Removal Action, which will effect the Proposed Plan alternatives, is the Improved 

Storage of Soil and Debris (DOE 1993b). These waste soils which will share interim 

storage facilities with the proposed building decontamination wastes. 

Another major program which will precede implementation of the Proposed Plan is Safe 

Shutdown (DOE 1991). This program includes recovery of significant inventories of 

production feed materials, process materials, product inventories, stored wastes, and items 

of machinery and equipment that may be salvaged. Thirteen of the 33 Hazardous Waste 

< . .  * 000013 
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5 4 4 1  
Management Units are expected to be closed during Safe Shutdown. Approximately 55,000 

containers of process materials and residues, along with 73,000 containers of waste 

materials, will be disposed or placed in interim storage. Safe Shutdown is in the final 

stages of planning and the activities have received NEPA approval under a categorical 

3 

4 

5 exclusion. 

6 

7 

8 

9 

10 

This dose and risk assessment is based on a distinct set of past and current site conditions. 

It is focused on expected conditions within the nine plant complexes following the various 

Removal Actions and Safe Shutdown. However, for potential cumulative effects during 

concurrent activities, this assessment also provides an estimate of the impact of Safe 

Shutdown. In addition, this report assesses the dose and risk from interim storage facilities 

11 

12 

including the impact of stored soil and debris in combination with the wastes that will be 

generated from decontamination of facilities through the Proposed Plan. 

Another source of radiation dose and risk, which is analyzed for cumulative impact, is that 

due to the transportation of the Proposed Plan wastes for disposal. Both the incident-free 

case and a conservative accident scenario are assessed. 

14 

15 
l3 

16 1.2.3 Conditions and Scope for this Assessment 

17 

18 

19 

20 

21 

22 

23 

24 

25 

This assessment is focused on the decontamination and dismantlement activities, as 

indicated in the Proposed Plan, for the nine major production plants. For cumulative 

impact. the Safe Shutdown activities and interim storage activities are also assessed. It is 

assumed that Removal Actions and building-specific Safe Shutdown operations will have 

been completed before initiating decontamination and dismantlement of a specific 

component. Numerical estimates are calculated for three exposed groups: the in-plant 

workers within the respective facilities, other on-site workers and off-site residents that are 

consequently exposed. In each case, numerical estimates are given for both the maximally 

exposed individual and also the collective effective dose equivalents based upon the size 

and locations of the three groups relative to contaminant releases, quantities, and 

concentrations. 
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The engineered controls and containment features proposed are assessed to provide release 

estimates for the dose and risk calculations. An accident scenario is presented where it is 

assumed that a major plant loses containment for a 24 hour period with 100% release of 

airborne contaminants generated through remedial activities. Numerical estimates of dose 

and risk are calculated, due to the accident, for on-site workers, and adjacent off-site 

residents. 

The impact of waste transportation involves two distinct other exposed groups. 

Occupational exposure of truck drivers through loading, driving, and off-loading is assessed 

for both maximum and collective exposure. The attendant public dose and risk is assessed 

for both the maximally exposed individual and for the collective exposure. This assessment 

for the public includes other drivers, pedestrians and residents along the truck route, and 

members of the public at truck stops. A separate accident scenario estimates the public 

dose and risk. on a probabilistic basis, for accident severity and population distribution. 

0 The objective is to compare these best estimates for dose and risk in relation to specific 

operations, and potential accidents, to demonstrate the feasibility of the Proposed Plan. 

1.3 Risk Assessment Objectives and Approach 

1.3.1 Objectives 

An estimate of the radiation dose, and attendant risk, due to proposed remedial operations is 

made. This estimate includes sources of exposure due to decontamination and 

dismantlement of O.U.3 facilities as well as sources from other concurrent activities. Some 

of the latter are a direct consequence of the proposed remedial actions and others are 

parallel but unrelated. Accident scenarios, with potential attendant consequences, are 

proposed. 

The sources of exposure are assessed for risk to occupationally exposed individuals and to 

members of the public. 

10 
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The objective is to demonstrate that the cumulative radiation dose and risk, from all 

activities, is withn the acceptable range which would allow the interim remedial actions to 

3 proceed. 

4 

. 5  

6 

7 

8 

9 

10 

11 

The Remedial Investigation process includes consideration of historical process knowledge 

and information regarding site conditions. This information assists in identifying 

supplemental data needs through a program of measurements and sampling and analyses. 

For a number of reasons, later described, the needed supplementing information for OU3 is 

limited. An important part of the Proposed Plan is the measurements, sampling and 

analyses which will provide information to improve the assessment of impacts of the 

remedial actions. This Dose and Risk Assessment is a best estimate based upon existing 

information in the context of the actions identified in the Proposed Plan. 

12 1.3.2 Risk Assessment Approach 

15 

16 

17 

18 

19 

20 

21 

22 

Specific characteristic radionuclide contaminants were determined to form the basis for 

inhalation exposure to in-plant workers, for estimates of airborne releases impacting other 

on-site workers and off-site residents, and for expected transported waste characteristics. 

The isotopic ratios were established through review and summary of extensive analytical 

data from dust collector samples from various plants (FMPC 1987). These isotopic ratios 

were then applied to more recent (1989-92) gross alpha and gross beta airborne 

concentrations withn various plants to yield specific isotopic concentrations. A total of 33 

specific isotopes, including short half-lived daughters in equilibrium, were assessed in all 

cases. These levels were then scaled up to estimate elevated airborne concentrations due to 

decontamination and dismantlement activities. The resultant concentrations were then used 

23 

24 

25 

26 production operations. 

to calculate the estimated effective dose equivalent, and attendant risk, to in-plant workers 

through inhalation. A conservative estimate of the external radiation dose to in-plant 

workers was based upon historical dosimetry records from the last two years of active 

11 000016 
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3 

Airborne effluent releases were based upon concentrations, building volumes, containment 

ventilation flow rates, and estimates of release fractions. Atmospheric diffusion of those 

releases, resultant airborne concentrations, and attendant dose and risk to on-site workers 

4 and off-site residents were then calculated by use of the EPA CAP88-PC code. 

5 

6 

7 

8 sources of airborne releases. 

This calculation was made for the maximally exposed on-site worker, and off-site resident. 

In addition, the collective effective dose equivalents were calculated based upon the number 

of individuals exposed in relation to the population distribution relative to the various 

9 

10 

11 

12 

The dose and risk to in-plant and to on-site workers was calculated assuming exposure to 

the airborne concentrations for 40 hours per week. Dose and risk to off-site residents 

assumed continuous exposure, but also included dose due to airborne deposition and 

subsequent ingestion of locally produced vegetables, beef, and milk. 

0 13 

14 

15 

16 

17 remedial investigation. 

Because the interim storage facilities also include other soil and debris, airborne 

concentrations and releases combined two sets of data. One set, for plant generated wastes, 

was the estimates based upon in-plant data as derived above. The second set, the soil 

component, was derived from more recent analytical data available from the O.U. 5 

18 

19 

20 off-site residents. The pathways are summarized in Figure 1-1. 

The same exposure pathways, for proposed remedial actions, Safe Shutdown, and interim 

waste storage, were assessed for the risk to in-plant workers, other on-site workers, and for 

12 
000017 
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1.4 Organization of this Report 

2 

3 

4 

5 

6 

7 

8 

.9 

10 

1 1  

Section 2.0, Contaminant of Potential Concern, shows the nature and expected extent of 

those contaminants and how that information was used to derive release estimates and to 

predict waste shipment concentrations and quantities. Section 3 summarizes the general 

approach used to assess radiation dose and risk. Sections 4.0 through 7.0 develop the dose 

and risk estimates due to Decontamination and Dismantlement, Safe Shutdown, Interim 

Storage, and Waste Transportation respectively. Section 8 provides a combined summary 

of the dose and risk due to all activities. Appendix A describes the features of the CAP88- 

PC Code and how it was applied for this assessment. Appendix B provides this same kind 

of information for the RADTR4N Code. Both Appendices contain specific reports 

generated by the respective codes for this assessment. 

14 



2.0 CONTAMINANTS OF POTENTIAL CONCERN o1 
- 3 2.1 Overview 

- 
3 

4 

5 uranium byproducts. 

The contaminants of potential concern consist of 33 specific radionuclides. These are 

constituents within five materials: uranium, thorium, fission products and transuranics, and 

6 2.1.1 Uranium 

10 

11 

14 

15 

16 

17 

18 

19 

20 

2 i  

22 

23 

23 

The principle feed and product material at FEMP was uranium. Materials processed 

included normal, enriched. and depleted uranium. The major fraction of uranium received 
had already been physically and/or chemically separated from daughters within the 

respective decay series. The uranium-23 8 series includes the two relatively short half-lived 

daughters of uranium-23 8: thorium-234 and protactinium-234m. The latter two daughters 
were assumed to be present in equilibrium concentrations with the uranium-238 parent for 

both assessment of analytical data and for dose calculations. In many cases, analytical data 

for uranium-234 concentrations were below quantification limits. It was conservatively 

assumed that uranium-234 was present in concentrations equal to that of uranium-238. This 
is not accurate for depleted uranium, however, it is conservative and a non-distinct mix of 

normal and depleted uranium is expected. Uranium enriched in uranium-235 would also be 

enriched in uranium-234. Significant concentrations would be analytically quantified. 

Therefore, for assessment of analytical data and for dose calculations. the following 

isotopes of the uranium-238 series were used: 

uranium-23 8 

thorium-234 

protactinium-234m 

uranium-234 

15 . 000020 ' I  
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With similar logic, the uranium-235 assessments assumed that the daughter thorium-23 1 

was present in equilibrium concentrations. 

The isotopes uranium-236 and uranium-233 are present, however, the reason for, and nature 

of, their presence is discussed in following sections. 

2.1.2 Thorium 

Relatively large quantities of thorium-232 are stored in several buildings within O.U. 3. A 

major campaign is in progress to remove that inventory by shipment to a disposal site. 

Remedial investigations and actions for those buildings, in the Proposed Plan, will OCCLU 

after disposal of the thorium. Only low levels of thorium contamination are expected to 

remain in the buildings. 

0 A limited amount of thorium was historically processed within O.U. 3, however, analytical 

data show relatively low concentrations remain in the plants. A major portion of the 

thorium was processed elsewhere and shipped to the FEMP for storage. For assessment of 

analytical data and for dose calculations, the following members of the thorium-232 series 

were assumed to be present in equilibrium unless otherwise indicated: 
' 

. .  

. .  000021 

thorium-23 2 

radium-228 

actinium-228 

thorium-22 8 

radium-224 

polonium-2 16 

lead-2 12 

bismuth-2 12 

polonium-2 12 (0.64 branch) 

thallium-208 (0.36 branch) 

16 
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7 

8 

9 

10 
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:: 
14 

15 

16 

17 

18 

19 

20 

21 

22 

23 

24 

- .  

uranium-233 is present in significant quantities in 

Thorium was used at'another DOE facility for the 

,r 54. 
% 

a single portion of the thorium inventory. 

thorium breeder program which produced 

the uranium-233. Although the uranium-233 was separated from the thorium prior to 

return, the separation was not complete. The thorium sent to FEMP contained limited 

quantities of uranium-233. 

+ 
Some processes altered equilibrium among the thorium-232 daughters. For example, 

analytical data show some materials are depleted in radium-228 in comparison to thorium- 

228. In those cases, the concentrations of the short half-lived daughters were appropriately 

adjusted. 

2.1.3 Fission Products' and Transuranics 

A limited amount of production feed material consisted of re-cycled uranium by-product 

from other DOE facilities. Separations were not complete and trace quantities of fission 

products and transuranics were introduced. Very low concentrations of the following 

radionuclides are occasionally detected through radiochemical analyses: 
i 

strontium-yttrium-90 

cesium- 1 37 and barium- 137m 

technetium-99 

plutonium-239 

plutonium-238 

neptunium-237 and protactinium-233 

uranium-236 

Technetium-99 is a fission product that was artificially enriched through an independent 

process. Some of the uranium feed to gaseous diffusion plants, for enrichment in uranium- 

235, included re-cycled fuel from DOE facilities. The enrichment process uses gaseous UF, 
and the lower molecular weight uranium-235 diffuses more readily through the process than 

uranium-238. Tc F, is also a gas and trace concentrations in the re-cycled uranium wire 

- 
41 

17 



1 

2 molecular weight. Enhanced concentrations of technetium-99 attend enriched uranium 

3 process paths. 

amplified through the enrichment process; relatively greater because of the much lower 

4 

5 

6 

7 

8 

9 

10 

1 1  

12 

13 

14 

15 

16 

17 

18 

19 

20 

2.1.4 Uranium Byproducts 

A limited quantity of uranium ores were processed at the F E W .  Byproduct 

radionuclides,or ore raffinates, such as thorium-230 and radium-226 and daughters, were 

passed out of O.U. 3 to other operable units. Generally, only trace concentrations remain in 

O.U. 3 plants. One exception is relatively limited ,quantities of thorium-230 in the Plant 1 

Storage Silos. However, a current Removal Action (DOE 1992) is in progress and that 

material will be removed prior to the operations in the Proposed Plan. Slurry transfer lines, 

which conveyed radium-226 byproduct from O.U. 3 to Silos 1 and 2 of Operable Unit 4, 

are part of O.U. 3. Reme-dial investigations and actions will involve radium-226 as a 

principle contaminant; however, a relatively modest total quantity is expected. For the 

current interpretation of analytical results and for dose calculations, thorium-230 is assessed 

as is radium-226. Equilibrium concentrations of the following radium-226 daughters are 

assumed: 

' 

polonium-2 18 

lead-2 14 

bismuth-2 14 

polonium-2 14 

21 

22 

23 

24 contaminants discussed above. 

Appendix B of the Proposed Plan summarizes the process knowledge regarding 

contaminants to be expected through various operations that were conducted in the 

respective facilities within O.U. 3. These are consistent with the processes and 
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2.2 Plant Related Contaminants 

2.2.1 Airborne Dust Analytical Data 

Remedial investigations of, and within, the O.U. 3 facilities have not advanced to provide 

current information on potential contaminants. Soil sample data, for the O.U. 5 

investigations of soils beneath O.U. 3, are available and are assessed in the following 

section. 

During the latter years of production activities, an extensive set of dust collector samples 

were collected from within various plants and were analyzed for all potential radiological 

contaminants (DOE 1987). Tables 2-1 through 2-6 summarize the results for Plants 1, 4, 5 ,  

8, 9 and the Pilot Plant. 

2- 
1 
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.. . 

U-238 

Th-234 

Pa-234m 

TABLE 2-5 BULK DUST COLLECTOR SAMPLE - PLANT 9 - . - <  0% 
9 .  

,d * . .. 
: . 9  . -  

1.9E-0 1 

7.6E+00 

4.OE-01 

U-234 

Th-230 

Ra-226 

U-236 

U-235 

<3.5E-01 

1.5E-04 

2.4E-04 

1.8E-02 

1.1E-02 

Tc-99 I 3.8E-02 

Ra-228 

U-233 

Pu-239,40 

Th-232 I 3.3E-05 I 

7.OE-06 

<5.4E-02 

9.3E-04 

Th-228 I 1.OE-03 (I 

11 Np-237 I 2.5E-04 

Pu-238 I 7.3E-05 ll 
4.OE-04 I CS-137 ll 
1.2E-04 I Sr-90 II 

28 
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2.2.2 Relative Isotopic Ratios 
.. . 

Airborne isotopic concentrations were calculated based upon observed isotopic ratios from 

the plant dust collector samples in comparison to airborne gross alpha and gross beta 

concentrations within the respective buildings. The results formed the estimate of in-plant 

airborne concentrations contributing to the lnhalation dose of in-plant workers and, 

subsequently, permitted an estimate of airborne releases impacting other on-site workers 

and off-site residents. 

The alpha emitters assumed to be present as a result of the analyses, and their relative 

abundance within the Plants, are summarized in Table 2-6. 

Uranium-233 analyses never showed concentrations in excess of analytical sensitivity. 

However, because of significant potential contribution to radiation dose, uranium-233 was 

assumed to be present. Concentrations were assumed to be equal to the average analytical 

sensitivity among samples in each plant. 

14 

15 

’ 16 

17 

18 

Uranium-234 analyses were frequently less than the analytical sensitivity. While uranium- 

234 would be relatively reduced with depleted uranium, the analytical sensitivity was not 

adequate to quantify that which would characterize depleted uranium. As described in 

Section 2.1.1, it was conservatively assumed that uranium-234 was present in 

concentrations equal to those of uranium-238. 

000034 
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a 
U-23 8 

U-234 

TABLE 2-6 (Continued) ACTIVITY RATIOS OF ALPHA EMITTING 
RADIONUCLIDES DERIVED FROM DUST 
COLLECTOR CONCENTRATIONS 

4.07E-0 1 4.01E-01 ' 

4.07E-0 1 4.01 E-0 1 

II ISOTOPE I PLANT 8 I PLANT 9 II 

Th-230 

Ra-226 

__ 

1.16E-02 3.23E-04 

4.43E-05 5.18E-04 

Rn-222 

PO-2 18 

~~ ~ 

4.43E-05 5.1 8E-04 

4.43E-05 5.18E-04 

PO-2 14 

U-236 

4.43E-05 5.18E-04 

3.00E-02 3.9 1 E-02 

U-235 

Th-232 

Th-228 

Ra-224 0 
~~ ~ 

1.90E-02 2.42E-02 

3.94E-04 7.12E-05 

8.26E-04 2.16E-03 

8.26E-04 2.16E-03 

Rn-220 

PO-2 16 

8.26E-04 2.16E-03 

8.26E-04 2.16E-03 

000036 

Bi-2 12 

PO-2 12 (0.64) 

.. .. ,. ... -- 

8.26E-04 2.16E-03 

5.28E-04 1.38E-03 

U-233 

Pu-239,40 

_ _ ~ ~  

1.18E-01 1.17E-0 1 

9.5OE-04 2.00E-03 

Np-237 

Pu-23 8 

~ 

3.28E-04 5.39E-04 

9.44E-05 1.58E-04 
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-- 54.41 
The same approach was not possible for estimation of respective beta emitting isotopes 

from gross beta airborne concentrations. There is a wide range of characteristic beta 

particle energies among the beta emitters present. The counting efficiency and calibration 

for the beta counting instrumentation has a related broad range. Therefore, a different 

method was used. Uranium-238 concentrations, in all plants, were relatively high and with 
low analytical error. For each Plant, the beta emitters were ratioed to the uranium-238 

concentration. That ratio was then applied for each Plant to establish the airborne 

concentrations relative to the uranium-23 8 concentrations. Most of the beta emitters present 

had short half-lives and were therefore immutably equivalent to the alpha emitting parent. 

Only four longer half-lived beta emitters required comparison based upon the activity ratio 

to uranium-238. These four are technetium-99, radium-228, cesium-1 37, and strontium-90. 

Those ratios for the respective plants are given in Table 2-7. 

\ 

32 
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1 2.2.3 Airborne Isotopic Concentrations 

2 

3 

4 

5 

6 

7 method described above. 

The alpha emitter ratios (Table 2-6) were applied to the average gross alpha airborne 

concentrations in the respective Plants (Appendix B-3 of the Proposed Plan). Then the beta 

emitters to uranium-238 ratios (Table 2-7) were applied to the uranium-238 concentrations 

to complete the analysis. Table 2-8 summarizes the average gross alpha airborne 

concentrations and the specific isotopic airborne concentrations calculated through the 

8 

9 

10 

1 1  

As noted earlier, conservative assumptions were made for levels of ur&um-234 and 

uranium-233. Uranium-234 concentrations were assumed to be equal to those of uranium- 

238. Uranium-233 concentrations are set at levels corresponding to the reported analytical 

sensitivities: no positive concentrations of uranium-233 were reported. 
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2.2.4 Qualifying Information 

e:. - 5441 
Characteristics of the dust collector material among the various Plants were very similar 

from one aspect. Uranium isotopes comprised most of the total activity with a range of 

from 94.9 percent (Plant 1) to 99.6 percent (Pilot Plant). 

The range of average concentrations in dust collectors among the Plants was also relatively 

limited. The average uranium-238 concentration was 1.6E-01 p Ci/g with a 

range of from 5.9E-02 p Ci/g (Plant 5) to 2.4E-01 p Ci/g (Plant 4). 

While the assessment might have proceeded based upon only the most abundant 

isotopes, it was decided to utilize all the analytical data. The more 

complete analysis assured that the effects of the specific dose conversion 

factors and the various exposure pathways were compietely assessed. This also 

allowed summation of the dose contribution from all isotopes known to be 

present; even those five orders of magnitude lower in concentration. The net 

total contribution was determined. 

The analytical results of the dust collector samples were altered prior to the 

next steps leading to dose assessment. It was recognized that samples were 

collected during production operations and that the passage of time has 

changed some of the radiological characteristics. More than six years have 

passed and the relatively short half-lives of thorium-234 (24.1 days) and 

protactinium-234m (1.17 minutes) assure that they are in secular equilibrium 

with parent uranium-238. Thus concentrations of the two daughters were 

increased to be equal to the uranium-238 concentration. 

The analytical method (mass spectrometry) was not as sensitive for uranium- 

234 analysis as it was for uranium-238. There were indications that uranium- 

234 was present, however, not in concentrations above the quantification 

threshold. The sensitivity of the analysis for uranium-238 was better than 

000041 36 
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that for uranium-234 so that analytical sensitivities (less than values) of 

the latter were in excess of the uranium-238 concentrations. It was assumed 

that the uranium-234 concentrations were equal to the uranium-238 

concentrations. A possible exception could be uranium-234 associated with 

enriched uranium; both uranium-235 and uranium-234 would be enriched. The 

analytical weight percents of uranium-235 in dust collector samples were 

inspected. Results ranged from somewhat enriched to somewhat depleted. 

However, the average was not statistically distinct from normal uranium. This 

M e r  supported the use of equal concentrations of uranium-234 and uranium- 

238. 

1 1  

12 

13 

Uranium-233 was never found to exceed the analytical sensitivity. Because of 

significant potential dose contribution, it was assumed to be present in 

concentrations equivalent to the reported analytical sensitivities. 

14 

15 

16 

The average isotopic concentrations among the Plants was used as a basis for 

the characteristics of the waste in the analysis of the impact of interim 

storage facilities and of the waste transportation accident scenario. 

0 
17 

18 

19 

20 

21 concentrations. 

The average isotopic concentrations characteristic of each Plant was used to 

establish the relative ratios of isotopes in more recent air sample data. 

This established specific airborne isotopic concentrations from the air 

sample data which was only available as gross alpha and gross beta 

22 

23 

24 

Dust collector analytical data were not available for Plant 2/3, Plant 6, and 

Plant 7 :  Review of the processes and materials in those three Plants allowed 

the following assumptions as the basis for the isotopic concentrations: 

Unknown 

Plant 2 0  

Nearest Eauivalent 

Plant 4 

k- 54.47 
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2 

Plant 6 

Plant 7 

Average of Plant 5 and Plant 2/3 

Pilot Plant 

This extrapolation has limited impact because of the relatively consistent characteristics 

among all Plants. 

2.3 Soil Related Contaminants 

Concentrations of radionuclides in soil are available through RI data for Operable Unit 5 .  

The assessment of the impact of interim storage facilities is primarily through contaminants 

associated with the Plants. However, a significant fraction of airborne activity of the 

interim storage facilities will be due to waste soils also in interim storage. 

For isotopic concentrations in soil, the O.U. 5 data yielded the concentrations given in 

Table 2-9. These are presented as the upper 95 percentile confidence of the mean. That is 

the calculated mean concentration plus 1.64 standard deviations among the soil samples 0 
analyzed. 

Table 2-9 

ISOTOPE 

U-23 8 

U-234 

Th-230 

Ra-226 

U-23 5 

Tc-99 

Operable Unit 5 RI Soil Concentrations (pCi/g). 

(Upper 95 percent confidence in the mean.) 

CONCENTRATION ISOTOPE CONCENTRATION 

1.36E+-2 . Th-232 7.13E+00 

1.04E+02 Th-228 ~ 6.40E+00 

8.39E+O 1 Ra-228 1.29E+O 1 

4.00E+O 1 P~-239,40 3.30E-01 

4.84E+OO Pu-23 8 3.70E-0 1 

8.OOE-0 1 CS-137 5.30E-01 

Sr-90 9.70E-01 

A distinct difference, in comparison to the Plant related contaminants, are the relatively 

higher ratios of thorium-230 and radium-226. These show evidence of releases during the 

x. : .  38 

000043 
. . .. 



. 3  

4 

5 

6 

7 

8 

9 

10 

processing of uranium ores. These two isotopes were measured within the Plants, but in 

relatively lower abundance. 

Only one case was assessed which required consideration of airborne activity due to 

entrained soil. Some of the decontamination wastes from O.U.3 buildings will share 

interim storage with waste soils in the Central Storage Facility. Airborne concentrations 

affecting in-plant workers, and also releases from the Facility, were estimated considering 

two sources. One, the building wastes, has the characteristics of plant related wastes. The 

second component, waste soils, has the characteristics summarized in Table 2-9. Again, the 

pathways summarized in Figure 1-1 were assessed. EPA Guidance (EPA 1989) was used 

to estimate the emission flux for the waste soils. 

_- 
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3.0 METHODS FOR RADIATION DOSE AND RISK ASSESSMENTS 

3.1 Conceptual Model 

Dose and risk assessment pathways were evaluated for three population groups, or 

receptors, as they exist 'in three different exposure environments. The receptors exist in one 

of three environments: 

in-plant operations; 

other on-site operations; or 

off-site residence. 

Radiation dose to the in-plant worker is received through the following pathways: 

inhalation of, and immersion in, airborne radioactivity; and 

exposure from external contaminant sources. 

For other on-site and off-site receptors, assessments are based upon estimated airborne 

contaminant releases from major plants and facilities during remedial action. 

Other on-site worker exposure is computed for: 

. .  . >. . ; 

inhalation of, and immersion in, released and dispersed airborne radioactivity; 

and 

external exposure due to accumulated ground deposition from released and 

dispersed airborne radioactivity. 

40 
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Off-site resident dose and risk from the further dispersed airborne effluent plume, is 

calculated for: 

3 inhalation and immersion; 

4 

5 

6 .  

external exposure due to ground deposition; and 

ingestion of locally produced produce, meat, and milk due to downwind 

deposition on soil and vegetation. 

7 

8 

9 

The assessments include evaluation of individual exposure and risk as well as the collective 

impact upon the group. The estimates are provided for in-plant workers, other on-site 

workers, and off-site residents. The calculations, and their bases, are given for: 

10 In-Plant Worker 

1 1  the maximally exposed individual Effective Dose Equivalent (EDE) (rem); 
l ?  

14 

15 

the risk associated with that EDE; 

the collective EDE for all in-plant workers (person-rem); and 

population groups range from eight to 160 workers depending upon the 

projects. 

16 Other On-Site Workers 

17 the maximally exposed individual EDE (rem); 

18 

19 

20 

21 

22 

23 

24 
3 c  

the risk associated with that EDE; 

the collective EDE for all on-site workers (person-rem); and 

the population is 1600 workers 

Off-Site Residents 

the maximally exposed individual EDE (rem); 

the risk associated with that EDE; 

the collective EDE for off-site residents out to a five mile radius (person- 

rem); and 

the population is 27,500 residents. 
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The radiation dose and risk to other on-site 'workers and to off-site residents is based upon 

estimated airbonie releases. The EPA CAP88-PC computer code (EPA 1992) was used to 

compute the radiation dose due to atmospheric dispersion. Occupational and public 

exposures are analyzed in the following sections: 

' 

Section 4 - Decontamination and Dismantling 

Occupational and public exposures due to remedial actions. 

Section 5 - Safe Shutdown 

Concurrent operations to remove production materials, equipment, and wastes are 

assessed for the cumulative impact on occupational and public exposures. 

Section 6 - Interim Storage 

Airborne releases from interim storage of contaminated waste soils and from 

decontamination wastes are used to estimate the impact on other on-site workers and 

to off-site residents. 

Section 7 - 
The 

Waste Transportation 

RADTRAN code was used to assess dose and risk for occupational q d  public 

exposures due to the shipment of radioactive wastes for disposal. 

Appendix A provides a detailed description of the EPA CAP88-PC computer code with 

specific results for this assessment. Appendix B provides the same information for the 

Sandia National Laboratories R4DTRAN computer code used to assess dose and risk due 

to off-site transportation of radioactive waste. 

3.2 Radiation Dose 

\ 

22 The radiation dose unit used throughout this assessment is the Effective Dose Equivalent 

(EDE). The unit was initially defined in ICRP Publication 26 (ICRP 1977), adopted by the 

NCRP ( N O  1987), and subsequently implemented by Federal agencies including DOE, 
~ 

23 

24 

42 000047 



EPA, and the NRC. A method of weighting the effect of radiation dose among various 

body organs is used to account for the varying biological effectiveness per unit of absorbed 

dose. For clear definition, the Dose Equivalent is defined and then the Effective Dose 3 

4 Equivalent. 

5 The Dose Equivalent is defined: 

6 H = DQ 

7 where H = Dose equivalent (Rem) 

8 D = Absorbed dose: 100 ergdgm (RAD) 
9 Q = Quality Factor 

10 

11 

The Quality Factor is based up,on the linear energy transfer in water and in analogous to the 

biological effectiveness of various types and energies of radiations. 

An empirical relationship was developed between Q and the linear energy transfer (L) of 

the specific radiation in water. For beta particles and gamma and x-rays, the approximate 

Q is one. For alpha particles, the approximate Q is 20. 

0 l2  13 

14 

15 The definition of the Effective Dose Equivalent is: 

1 wT HT 
- 16 HE - 

17 HE - Effective Dose Equivalent (Rem) - 

18 W T  = Weighting factor for the specific organ 

19 HT - - Dose Equivalent (Rem) for the specific organ 

20 The EDE is the weighted sum of the DE to various organs. 

. d"ii004$ 
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The Effective Dose Equivalent applies the weighting factor among organs, with the 

following values: 

Orvan Weightinv Factor 

Whole body 1 .oo 
Gonads 0.25 

Breast 0.15 

Red bone marrow 0.12 

Lungs 0.12 

Thyroid 0.03 

Endosteal bone 

Other organs 

0.03 

0.30 

The more recent ICRP 60 (ICRP 1991a) recommendations have not been incorporated to 

either CAP88-PC or to U.S. Regulations. ICRP 60 recommends use of "equivalent dose'' 

instead of the ICRP 26 "effective dose equivalent" and "radiation weighting factor'' instead 

of "tissue weighting factor". Other than some differences between the weighting factors the 

equivalent dose is the same as the former effective dose equivalent. The basic reason for 

the change is a more logical relationship among radiation dose units. Because of the 

pathways and the body organs at greatest risk, the ICRP 60 weighting factors were not used 

to change the numerical risks calculated for this assessment. Having the newer weighting 

factors would have slightly decreased the dose and risk for this assessment. For clarity, 

those differences are: 

ICRP 26 Tissue 

Organ Weightinv Factor Weighting Factor 

Gonads 0.25 0.20 

Breast 0.15 0.05 

Thyroid 0.03 0.05 

Other Organs 0.30 0.05 

ICRP 60 Radiation 

In other words, equal radiation doses to the gonads, breast, and other organs are now 

judged to have less potential effect. The opposite is true for the thyroid gland. 

000049 
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Specific models have been developed to permit a dose conversion factor for EDE that 

assesses the radiation exposure, including the deposition and internal distribution among the 

various body organs, for various radionuclides and forms, due to inhalation, ingestion, and 

due to external exposure via immersion and from ground deposition. The DART- 

- 
3 

. 4  

a :  
5 

- 6  

7 

8 

9 

10 

11 

12 

15 

16 

17 

18 

19 

program (ORNL 1981) is commonly used among Federal agencies. The EPA used a 

modified version of the DARTAB code to provide the EDE dose conversion factors in the 

CAP88-PC code. The Sandia National Laboratories RADTRAN code requires the user to 

enter the dose conversion factors. For this analyses, the CAP88-PC dose conversion factors 

were input to the RADTRAN code. 

3.3 Risk 

The estimate of risk due to radiation dose is, at best. a complex problem. Risk estimates 

are based upon modeling of human epidemiology and animal studies. The identified set of 

complex factors which are involved in the mechanisms of cancer induction are not 

developed to the extent that a realistic assessment can be made (UN 1993). Insufficient 

data are available. However, the need for risk estimates has motivated the best analysis of 

available information. 

While an acknowledged oversimplification, one summary from BEIR V (NRC 1990) 

described the best risk estimate for total cancer mortality for continuous exposure to one 

Redyr  from age 18 until 65. The risk estimates were: 

20 Male 

21 . 6.1E-04Rem 

Female 

6 SE-04Rem 

22 4.6E-04 - 1.2E-03Rem [90% Confidence Range] 5.3E-04 - 9.7E-04Rem 

23 

24 

For comparison, the previously cited ICRP 26 publication performed a less detailed 

assessment and in 1977 proposed a risk coefficient of 1.25E-04Rem. The NCRP in 1987, 

proposed a nominal risk coefficient of 1.0 x E-04Rem (NCRP 1987). CAP88-PC employs 

the 1989 EPA guidance (EPA 1989) of 4E-04Rem. As described in Section 1.3.2 above, 26 .,, 
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the Proposed Plan risk assessment used the NCRP 116 guidance and not the inherent risk 

coefficient in CAP88-PC. As a result, the Proposed Plan risk coefficients are: 

Adult Workers 4.8 E-O4/Rem 

Whole Population 6.0 E-O4/Rem 

These combine the expected incidence of both fatal and non-fatal cancers. 

The estimate of risk used the above described simplified approach. The use of the EPA 
Health Effects Assessment Summary Tables would have required analysis of internal 

deposition and clearance for each of the 33 radionuclides, through each of the exposure 

pathways, and for each body organ. A more exhaustive risk analysis would require analysis 

of number of potential adverse effects, each with its own risk (NRC 1988, NRC 1990, 

ICRP 1992). At that. many of those risks are not well defined because of limited 

epidemiological information. Because this exhaustive analysis is neither practical nor 

readily interpreted, a number of simplified assessments have been derived as best estimates 

for risk attending radiation dose. The approach used for this risk estimate is that presented 

by the National Council on Radiation Protection and Measurements (NCRP 1993). 

An automatic feature of the CAP88-PC is computation of risk. This feature was not used 

in this assessment because of the above noted differences in risk coefficients and because 

CAP88-PC assumes that airborne emissions will be continuous for a 70.7565 year lifetime. 

The current estimated duration for these decontamination and dismantlement remedial 

actions is 16 years for Alternative 3 and four years for the decontaminate only Alternative 

2. 

3.4 Application 

Radiation dose estimates to the maximally exposed individuals were made. Risk of cancer 

incidence was calculated by multiplying the dose by the NCRP 116 risk coefficients given 

in 3.3 above. J 
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e - 8  

In many cases, annual dose rates were determined. The annual radiation dose rates were 

then adjusted for the period of exposure. For example, Alternative 2, consisting of 

decontamination only, was estimated to require four years of remedial action. Alternative 

3,  consisting of complete dismantlement of the Production Area, was estimated to require 

16 years of remedial action.' Safe Shutdown activities were relatively variable among each 

of the Plants; operations ranged from several months to several years. Interim Storage dose 

contributions were matched to either Alternative 2 (four years) or Alternative 3 (16 years). 

The dose and risk attending waste transportation for off-site disposal was based upon 

factors such as waste characteristics, shipment distance, and number of shipments. 

RADTRAN computes total dose so that an annual dose rate was not determined. 

The radiation dose to in-plant workers was calculated based upon estimated airborne 

concentrations and estimated external dose rates within the respective plants. It was 

assumed that work consisted of 40 hours per week for 52 weeks per year; fractional years 

were used as appropriate. Dose to the maximally exposed individual(s) was determined. 

Collective radiation doses were calculated by multiplying the dose by the number of 

workers required for the denoted tasks. 

The radiation dose to other on-site workers was dependent upon effluent releases from 

specific plants or combinations thereof. Essentially all radiation dose was due to inhalation 

of airborne concentrations. The maximally exposed on-site worker was down wind of the 

plant with the highest effluent release; contribution from other plants to that point were 

added. Again, it was assumed that work consisted of 40 hours per week for 52 weeks per 

year. Collective radiation doses required an additional procedure. The worker population 

was distributed over a 4 by 3 matrix covering the site. This permitted better determination 

of radiation dose to the worker populations located at various distances and directions from 

each of the sources of effluent release. 

The radiation dose to the maximally exposed off-site resident was determined. While most 

of the estimated dose was due to inhalation, the assessment considered all pathways 

including ingestion of locally produced food. For the CAP88-PC runs, distances were 
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adjusted to the nearest down-wind off-site resident. The shortest distance was from the 

interim waste storage facility near the northeast comer of the Production Area. Other 

distances tvere accordingly adjusted for specific release points; the range was from 500m to 

1200m. It  was assumed that continuous releases and continuous exposure (168 hr. per 

week and 52 weeks per year) contributed to dose to off-site residents. This is conservative 

because effluent releases are expected to diminish during non-worked back shifts, 

weekends, and Holidays. Collective doses were determined by using CAP88-PC to 

calculate doses to off-site sectors consisting of the 16 compass directions for radii of one 

mile out to five miles (80 sectors). The population distribution is known for each of those 

sectors and the effective dose equivalent to that sector was multiplied by the number of 

residents in each of the respective sectors to yield the collective dose. 

Airborne release quantities were determined for each of the nine plant complexes. High 

efficiency filtered exhaust systems are designated for control of airborne concentrations. 

The volume flow rates are planned to be equivalent to five exchanges per hour. Internal 

building volumes were multiplied by the volume flow rates to calculate the volume of air 

and airborne contaminants emitted. The high efficiency filters were assumed to be 99 

percent efficient (EPA guidance) even though they are tested and specified to have higher 

efficiency. Less efficient systems are planned for the interim storage facility and an 

efficiency of 90% was used to calculate releases affecting other on-site workers and off-site 

residents. The accident scenario aSsumes complete release (zero efficiency or control) for a 

24 hour period with continuing elevated airborne concentrations due to remedial actions 

within that plant. 

48 
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1 4.0 DOSE AND RISK DUE TO DECONTAMINATION AND DISMANTLEMENT 

2 4.1 In-Plant Workers 

3 4.1.1 Airborne Pathway 

4 

5 

6 

7 

8 

9 

Development of specific isotopic airborne concentrations within each of the Plants was 

explained in Section 2 and the results summarized in Table 2-8. As expected, initial 

assessments of radiation dose showed that essentially all the dose to the in-plant worker 

was due to inhalation and internal deposition of contaminants. External radiation dose due 

to immersion in the airborne environment and due to accumulation on the floor of the 

building were relatively negligible. This is clearly demonstrated in the CAP88-PC reports 

10 in Appendix A. 

It was assumed that remedial activities increase current airborne concentrations, within each :: plant, by a factor of ten. This estimate is an attempt to scope a number of factors. The 

13 

14 

15 

16 

17 

level of airborne concentrations will depend upon the work activities occurring within the 

plant; concentrations can be expected to vary by more than an order of magnitude. 

Airborne concentrations will, 'at times, be less than the current average concentrations as 

well as significantly above those levels. The assumed increase by a factor of ten is a best 

estimate for the average condition. 

/ 

18 

19 

20 

21 

22 

23 

24 

25 

Site health physics procedures mandate the use of respiratory protective equipment under 

conditions anticipated in the decontamination and dismantlement work. Protection factors 

for various respiratory protection devices have been estimated by OSHA, DOE, and others. 

The current ANSI Standard for Respiratory Protection (ANSI Z88.2-1992) recognizes 

different protection factors based upon the characteristics of the aerosols present. In many 

cases, a respirator or half-face mask, affords a protection factor of ten (90% efficient). For 

greater challenges, use of a fill-face mask is required and the worst-case protection factor is 

ten. It is assumed that the proper respiratory protection will be used. The net effect is a 

compensation. The factor of ten increase in airborne concentrations will be reduced by a 



1 

2 

3 

factor of ten, relative to worker inhalation, by the appropriate respiratory protection. For 

this reason, the estimate of dose and risk to the in-plant worker will utilize the current 

airborne concentrations within each of the plants. 

4 

5 

6 

7 

8 

9 

10 

11 

The radiation dose conversion factors are the same as those contained in the EPA CAP88- 

PC computer program (EPA 1992). This code is used to calculate annual dose rates to the 

other on-site worker and the off-site resident. The EDE rate was then extended, based upon 

the expected work period (years) at each of the Plants. Plant 8 was found to have the 

highest associated EDE. That rate was summarized and used to estimate the conservative 

maximum EDE rate for every individual in-plant worker and also for the collective EDE for 

the in-plant worker population. For Alternative 2, a four year project life was then applied. 

For Alternative 3. a 16 year project life was assumed. 

12 4.1.2 External Radiation Exposure 

0 13 

14 

The external exposure rates within each plant can be expected to be quite variable 

depending upon the distribution and quantities of contaminants and the extent and time 

15 

16 the later years of production operations: 1986 and 1987. Summaries were not defined for 

17 

18 

19 

20 

21 

22 

duration of worker proximity. Historical worker exposures were reviewed with focus on 

these specific plants however the average external exposure to workers, during these two 

years. was 166 mredyr  (Neton 1993). While reflective of production operations. they 

include both higher and lower dose biases that would tend to support the average. Toward 

the higher end, they include work in the proximity of Silos 1 and 2, in Operable Unit 4, 

which contain relatively large quantities of radium-226. Also, work with thorium storage 

activities have higher exposure rates. The lower bias to exposures is represented by 

23 

24 exposures. 

workers who wore dosimeters, but whose duties did not entail significant radiation 

25 

26 

27 

The probability of an average exposure as high as 166 mredyr  is low because of the 

establishment of more conservative radiation protection practices since 1987. 

Improvements are specifically defined in DOE Order 5480.11 and the supplemental DOE 



3 

4 

3 

6 

7 

8 

9 

10 

11 

Radiological Control Manual. These practices are in place (Neton 1993) and use of 166 

mredyr  is reasonably conservative. An estimate is that the actual range, relative to 166 

mredyr,  is plus 0% and minus 50%. 

As with the airborne exposure pathway, the external EDE rates were applied to the 

expected work period at each plant. The combination showed Plant 1 to have the highest 

annual rate. Again, this annual rate was then applied to the four year and 16 year project 

lives for Alternative 2 and Alternative 3 respectively. 

4.1.3 Summary of Dose and Risk to the In-Plant Worker 

A summary of the annual doses and risks to the workers within the plants is provided in 

Table 4-1. 

TABLE 4-1 In-Plant Worker' EDE and Risk 

Estimated EDE 
Work 
Period Airborne External Total Annual 

Plant (years) (mrem) (mrem) (mrem) (mredyr) Risk/yr 

Plant 1 1.08 50 179 229 212 1 .OE-04 

Plant 2 2.67 49 443 492 184 8.9E-05 

Plant 4 1.83 29 304 333 182 8.8E-05 

Plant 5 4.00 65 664 729 182 8.8E-05 

Plant 6 4.00 71 664 73 5 184 8.9E-05 

Plant 7 2.67 93 443 536 20 1 9.6E-05 

Plant 8 2.42 102 402 504 208 1 .OE-04 

Plant 9 1.67 31 277 308 184 8.9E-05 

Pilot Plant 2.42 51 402 453 187 9.OE-05 
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These represent the estimated dose to a worker performing decontamination activities within 

a component for both Alternative 2 and 3. The significant difference is that Alternative 2 

requires a 4 year work period and Alternative 3 requires 16 years. The process plants listed 

above represent the highest contamination on-site and, therefore, represent the highest 

exposure to the implant workers. Given the schedule, budget constraints, and available 

space within the process area for decontamination and dismantlement work, a maximum of 

four teams could be functioning within the Production Area. It is anticipated that each 

8 

9 

10 

11 

12 

team will remediate components simultaneously. For these reasons, only four components 

could reasonably be decontaminated at the same time and the doses represented, in Table 4- 

1 above, are the maximum doses accrued from work in each plant. Therefore, the 

maximum exposure possible in a given year of the project for both Alternative 2 and 3 

could be represented by the remedial actions within Plant 1. 

13 

14 

15 

16 

17 

18 

For decontamination and dismantlement, the resulting maximum individual EDE rate for the 

in-plant worker is 2 12 mrem per year in Plant 1 .  It is anticipated that the decontamination 

and dismantlement of any other component or series of components in one year would 

obtain a much lower individual EDE rate than Plant 1. Because the in-plant worker would 

work only in one plant at a time, the workers maximum EDE would be achieved through 

remaining in Plant 1 for the duration of the project. 

a 

19 

20 

21 

22 

The probability for cancer incidence in adult workers is 4.8E-04 per rem (NCRP 1993). 

This is the sum of the probabilities of 4.OE-04 fatal cancers per rem and 0.8E-04 non-fatal 

cancers per rem. While CAP88-PC was used to calculate the effective dose equivalent, the 

risk was calculated separately with the probability given above. CAP88-PC calculates risk; 

23 

24 probability of 4.OE-04 per rem: neither is appropriate here. 

however, the algorithm assumes a continuous lifetime exposure period of 70 years and a 

25 

26 year period is: 

Therefore, the assessment for the Alternative 2 in-plant worker with 108 workers over a 4 
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Individual Worker 

212 mredyr  x 4 yr = 848 mrem EDE 

848 mrem x 4.8E-O7/mrem = 4.1E-04 risk 

4 Collective Workers 

5 

6 

848 mredworker x 108 workers = 9.2E + 01 person-rem 

9.2 + 01 person-rem x 4.8E-O4/rem. = 4.4E-02 risk 

7 Using the same methods for Alternative 3, with 160 workers over a 16 year period: 

8 Individual Worker 

9 

10 

212 mredyr  x 16 yr = 3.4 mrem EDE 

3.4 mrem x 4.8E-O4/mrem = 2.6E-01 risk 

11 Collective Workers 

3.4 mredworker x 160 workers = 5.4E + 02 person-rem 

5.4 + 01 person-rem x 4.8E-O4/rem = 2.6E-01 risk 

14 4.2 The Other On-Site Worker 

15 

16 

17 

18 

19 Plants: 1, 2, 8 and the Pilot Plant. 

The risk to the on-site worker. who is not directly involved in activities associated with 

either Alternative 2 or 3, is due to airborne releases from the plants undergoing remedial 

actions and, ultimately, due to other concurrent activities in the Production Area. Based 
upon current planning, the most active period would include simultaneous activities at four 

20 

21 

22 

It is planned that HEPA filters will be placed at the plants to control airborne releases to 

the Production Area and to off-site residents. The ventilation flow rates were determined 

by assuming five air exchanges per hour and then relating that criteria to the interior 

building volume. 
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Existing airborne concentrations were assumed to increase by a factor of ten, for 

entrainment of contaminants during cleanup operations, and multiplied by the volume flow 

rates. One percent penetration of the effluent through the HEPA filters was assumed. 

Table 4-2, summarizes that information for the four selected plants and provides the annual 

5 

6 individual on-site worker. 

releases from each plant, which were then used to compute exposure to the maximum 

TABLE 4-2 Annualized Source Term Releases (pCiIyr) 

Isotone Plant 1 Plant 2 Plant 8 Pilot Plant 

U-23 8 1.5E+O 1 7.3E+00 3.6E+O1 3.6E+00 

U-234 1.5E+01 7.3E+00 3.6E+O 1 3.6E+00 

Th-230 4.1E-01 6.OE-0 3 1 .OE+OO 4.4E-03 

5.4E-04 3.9E-03 1.1E-04 Ra-226 1.9E-0 1 

U-236 6.3E-01 6.6E-01' 2.6E+00 7.1E-02 

U-23 5 1.7E+00 3.9E-0 1 1.7E+00 1.8E-01 . 

Tc-99 

Th-232 

3.3E+OO 

1.4E-0 1 

1.2E+00 2.7E+00 

2.4E-03 3.5E-02 

1.8E-03 

2.9E-03 

Ra-228 7.8E-02 1.6E-04 6.8E-03 1.2E-03 

Th-228 9.1 E-02 4.2E-03 7.3E-02 2.9E-03 

U-233 4.2E+00 2.1 E+OO 1 .OE+O 1 5.OE-02 

Pu-239,40 8.9E-01 3.9E-03 8.3E-02 3.2E-04 

Np-237 5.2E-02 2.3E-03 2.9E-02 9.2E-05 

Pu-23 8 3.9E-02 3.9E-04 8.3E-03 2.6E-03 

CS-137 7.5E-02 5.5E-03 3.7E-02 3.3E-03 

5.8E-03 5.9E-03 1.3E-04 Sr-90 5.1E-02 
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The impact of airborne releases to the maximum individual on-site worker was evaluated 

and then the collective EDE was determined. First, the dose to the maximally exposed 

down wind individual on-site worker was determined through individual CAP88-PC runs 

for each plant. The maximum exposure, to another on-site worker, associated with an 

individual plant was found to be 300 meters NE of Plant 8. Then, the contribution of 

effluents from the other three plants, to that location, was added to provide the total dose to 

the maximum other on-site worker. Table 4.3 shows the individual and total contributions 

from the four plants. This results in an individual maximum EDE rate of 7.6E-03 mredyr. 

Any duties away from that location would reduce the exposure. On that basis: 
... 

10 

11 

12 

Alternative 2 - Individual On-Site Worker 

7.6E-03 mredyr  x 4 yr = 3.OE-02 mrem EDE 

3.OE-02 mrem x 4.8E-O7/mrem = 1.4E-08 risk ' 

13 Alternative 3 - Individual On-Site Worker 

7.6E-03 mredyr  x 16 yr = 1.2E-01 mrem EDE 

1.2E-01 mrem x 4.8E-O7/mrem = 5.8E-08 risk 

TABLE 4-3 On-Site Worker iMaximum Annual EDE and Risk 

Plant 

~ ~~ 

Distance 
(meters) Direction 

~ ~ ~ ~~ ~~~ ~ ~~ 

Plant 1 3 09 EESE 1.3E-03 6.2E-10 

Plant 2 ~ 232 ENE 3.8E-04 1.8E-10 

Plant 8 3 00 NE 5.6E-03 2.7E-09 

Pilot Plant 480 NE 2.9E-04 1 ;4E- 10 

Total 7.6E-03 3.7E-09 
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For the collective dose equivalent a separate CAP88-PC run was used. In this case, the 

total release from the four plants was used to calculate the EDE within each of the worker 

distribution grids shown in Figure 4-1. These were then extended and totalled to yield the 

collective EDE. This allows for the varying population distribution with the statistical 

meteorological data for the various wind direction probabilities and atmospheric stability 

classes. The results for Alternatives 2 and 3 ?e summarized in Table 4-4. 

Figure 4-1 On-Site Worker Population Distribution 

Production Area 
Northwest 

40 Workers 

Production Area 
West Central 

200 Workers 

Production Area 
North Central 

30 Workers 

Production Area 
Central 

150 Workers 

Production Area 
Southwest 

50 Workers 

Production Area 
West 

400 Workers 

Production Area 
South Central 

40 Workers 

Production Area 
Central 

400 Workers 

! 

Production Area 
Northeast 

20 workers 

Production Area 
East Central 

Production Area 
Southeast 

30 workers 

Production Area 
East 

200 workers 
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TABLE 4-4 Collective On-Site Worker EDE (person-mrem) 

Location West Central East 

Production Area - North 
Alternative 2 
Alternative 3 

Production Area - Central 
Alternative 2 
Alternative 3 

Production Area - South 
Alternative 2 
Alternative 3 

Administrative Area 
Alternative 2 
Alternative 3 

40 Workers 
2.OE-01 
8.2E-0 1 

200 Workers 
1.7E + 00 
6.9E + 00 

50 Workers 

2.1E + 00 
5.2E-01 

400 Workers 
3.OE + 00 
1.2E + 01 

30 Workers 
2.3E-01 
9.3E-01 

150 Workers 
2.OE + 00 
8.OE + 00 

40 Workers 

1.OE + 00 
2.6E-01 

400 Workers 
2.9E + 00 
1.2E + 01 

20 Workers 

1.8E + 00 
4.4E-0 1 

40 Workers 

2.2E + 00 

30 Workers 

1.3E + 00 

5.6E-01 

3.2E-0 1 

200 Workers 
1.8E + 00 
7.4E + 00 

Total Collective Person-rem 
Total Collective Risk 

Alternative 2 Alternative 3 
1.4E-02 5.6E-02 
6.7E-06 2.7E-05 

Meteorological data used for the CAP88-PC computations included averages of 

observations from the on-site meteorological tower during the years from 1987 through 

3 1992. 

4 1.3 The Off-Site Resident 

5 

6 

7 

8 

9 

10 

1 1  

12 

13 

The impact of airborne effluent releases was assessed for the maximally exposed off-site 

individual and also for the collective EDE for the population out to five miles. A'  

conservative feature is that effluent releases are assumed to be continuous for 168 hours per 

week. It is likely that any elevated releases would accompany 40 hour per week work 

activities. The closest downwind resident is 915 meters NE of the center of the Production 

Area. This is approximately at the site boundary where the North Access Road reaches the 

highway. The four plant source term was used with CAP88-PC. The code was used to 

calculate the EDE due to inhalation, immersion, ground deposition, and ingestion. The 

ingestion path was set to assume that all produce, milk, and meat are locally produced. . 
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The probability for cancer incidence in the whole population is 6.OE-04 per rem (NCRP 

1993). This is the sum of the probabilities of 5.OE-04 fatal cancers per rem and 1.OE-04 

non-fatal cancers per rem. Again, risks were directly converted from EDE. 

4 The EDE rate for the maximally exposed off-site resident is 1.8E-02 mredyr.  

5 

6 

7 

Alternative 2 - Individual Off-Site Resident 

1.8E-02 mredyr  x 4 yr = 7.2E-02 mrem EDE 

7.2E-02 rnrem x 6.OE-O7/mrem = 4.3E-08 risk 

8 Alternative 3 - Individual Off-Site Resident 

9 
I 

1.8E-02 mredyr  x 16 yr = 2.9E-01 mrem EDE 

10 2.9E-01 mrem x 6.OE-O7/mrem = 1.7E-07 risk 

11 

12 

13 

14 Table 4-5. The collective EDEs are: 

The assessment for the collective EDE for off-site residents out to five miles was 

determined by using the four plant source term with CAP88-PC. The annual EDE rate was 

applied to the 1990 population distribution (DOE 1993) and those results are provided in 0 
15 Alternative 2: 1.3E-01 person-rem 

16 7.8-05 risk 

17 Alternative 3: 5.1 E-0 1 person-rem 

18 3.1 E-04 risk 
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TABLE 4-5 Annual Population Collective EDE for Routine Releases from Four Plants 0 Distance 

0-1 Mile 1-2 Miles 2-3 Miles 3-4 Miles 4-5 Miles 

Direction EDE (Person- EDE (Person- EDE (Person- EDE (Person- EDE (Person- 
mredyr)  mredyr) mredyr) mredyr) mrem/yr) 

N 
NNW 
NW 
WNW 

W 
wsw 
SW 
ssw 
S 

SSE 

SE 

ESE 

E 

ENE 
NE 
NNE 

1.5E-0 1 

6.9E-02 
---- 

1.6E-02 
---- 

4.4E-02 

5.6E-02 

7.8E-02 

4.3E-02 

6.OE-02 

3 .OE-02 

6.OE-02 
---- 

1.8E-01 

2.8E-02 

2.8E-02 

3.1 E-02 

1.1 E-02 

3.4E-02 

3.OE-02 

1.1 E-01 

1.2E-01 

1.4E-02 

2.8E'-02 

1.6E + 00 
---- 

6.5E-02 

1.2E + 00 

2.1E + 00 
---- 

8.4E-02 

1.4E-0 1 

1.3E-01 

1.OE-01 

1.8E-0 1 

1.2E-0 1 

1.3E-01 

9.1 E-02 

1 .OE-0 1 

1.5E-01 

2.3E-0 1 

7.4E-01 

8.1E-01 

2.9E + 00 

3.1E + 00 

1.5E-01 

7.1 E-02 

1.4E-0 1 

1.3E-01 

8.7E-02 

1.8E-0 1 

9.5E-02 

2.3E-01 

1.9E-02 

4.4E-01 

7.4E-0 1 

1.3E + 00 

1.7E + 00 

1.8E + 00 

2.6E + 00 

1.9E-0 1 

1.2E-0 1 

6.2E-02 

6.8E-02 

1.1E-01 

7.3E-02 

2.OE-01 

4.7E-01 

2.9E-0 1 

1.4E-02 

3.5E-0 1 

6.1E-01 

1.1E + 00 

1.4E + 00 

1.6E + 00 

1.5E-01 

1.7E-01 

1.3E-01 

Total Collective Person-mredyr = 32.0 
Total Collective RisWyr = 1.9E-05 
Total PoDulation = 27.500 Dersons 

1 4.5 , An Accident Scenario 

2 

3 

4 

A scenario is proposed wherein the absolute filtered (HEPA) exhausts from Plant 8, the 

source of the largest potential release, loses containment integrity for a 24 hour day. There 

is 100% release during the 24 hours before remedies can be implemented. No attempt has 
been made to analyze the probabilities of the various occurrences that might lead to the 

6 release; these could include: 
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fire or explosion; 

high or tornadic winds; 

an earthquake; andor 

other failure of the filters or filter banks. 

Plant 8 is estimated to have the largest source term among the nine plants. The 24 hour 

100% release represented in Table 4-6 provides the source term for the Plant 8 accident 

scenario. Exposures and risks to the in-plant worker are not estimated because they would 

not be affected by the accidental release. 

TABLE 4-6 Source Term for the Accident Scenario 

~~ 

Isotope pCi Isotope pCi 

U-238 

U-234 

Th-230 

Ra-226 

U-236 

U-235 

Tc-99 

Th-232 

9.9E+00 

9.9E+00 

2.7E-01 

1.1E-03 

7.1E-0 1 

4.7E-01 

7.4E-0 1 

9.6E-03 

Th-228 

Ra-228 

U-233 

P~-239,240 

Np-237 

Pu-23 8 

CS-137 

Sr-90 

2.OE-02 

' 1.9E-03 

2.7E+00 

2.3E-02 

7.9E-03 

2.3E-03 

1 .OE-02 

1.6E-03 

Assessment of the accident impact to on-site workers was accomplished using 

CAP88-PC in the same way as that for routine releases but with the accident 

scenario source term. The maximally exposed individual on-site worker is 

located 300 meters NE of Plant 8 and receives 1.6E-03 mrem with an attendant 

risk of 7.7E-10. For the collective EDE, CAp88-PC was used along with the 

worker population distribution (Figure 4-1) relative to the Plant 8 location. 

The result was 1.3E-03 person-rem collective EDE as is shown in Table 4-7. 

Because of the location of Plant 8, the maximally exposed off-site resident is 

1200 meters downwind. Again, CAP88-PC was run in the same way as that for 

routine releases. The individual off-site resident would receive 2.6E-03 
~ 
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mrem €DE with an attendant risk of 1.6E-09. The results for the collective EDE 

are shown in Table 4-8. This rounds to a total of 2.5E-03 person-rem. - 

TABLE 4-7 Collective On-Site Worker EDE (person-mrem) for the Accident Scenario 

Location West Central East 

Production Area - North 40 Workers 
1.7E-02 

Production Area - Central 200 Workers 
8.6E-02 

Production Area - South 50 Workers 
9.5E-03 

Administrative Area 400 Workers 
4.OE-01 

30 Workers 
2.7E-02 

150 Workers 
1.7E-01 

40 Workers 
4.OE-02 

400 Workers 
2:8E-0 1 

20 Workers 
1.9E-02 

40 Workers 
5.2E-02 

30 Workers 
3.6E-02 

200 Workers 
1.7E-01 

Total Collectrive Dose (Person-rem) 1.3E-03 
Total Collective Risk 6.2E-07 
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TABLE 4-8 Population Collective EDE for the Accident Scenario 

. Distance & Collective €DE 

Direction 0-1 Mile 1-2 Miles 2-3 Miles 3-4 Miles 4-5 Mil 
(person-mrem) (person-mrem) (person-mrem) (person-mrem) (person-mrem) 

N 2.9E-02 4.6E-03 1.3E-02 1.1E-02 9.6E-03 

NNW 1.3E-02 4.6E-03 2.2E-02 2.2E-02 1 .OE-02 

NW 5.2E-03 2.OE-02 2.OE-02 1.6E-02 

1.2E-02 WNW 3.3E-03 1.8E-03 1.6E-02 1.4E-02 

W ---- 5.6E-03 3 .OE-02 2.9E-02 3.1 E-02 

wsw 8.8E-03 4.8E-03 1.8E-02 1.5E-02 7.3E-02 

SW 1.1E-02 1.9E-02 2.2E-02 3.6E-02 4.5E-02 

ssw 1.5E-02 1.9E-02 1.4E-02 3 .OE-02 2.2E-03 

S 8.OE-03 2.4E-03 1.6E-02 6.9E-02 5.4E-02 

SSE ---- 4.6E-03 2.4E-02 1.1E-01 9.4E-02 

SE 1.3E-02 2.7E-01 3.7E-02 2.1E-01 1.6E-0 1 

ESE 6.6E-03 ---- 1.2E-0 1 2.7E-0 1 2.1E-01 

E 

ENE 1.2E-02 

1.1E-02 

2.OE-01 

1.3E-01 

4.7E-01 

2.9E-01 

4.3E-01 2.4E-0 2*5E-0& 

---- 3.4E-0 1 4.9E-01 3.1E-02 . 2.7E-02 NE 

NNE 3.6E-02 ---- 2.4E-02 2.OE-02 2.OE-02 

Total Collective Person-mrem = 2.5E + 00 
Total Collective Risk = 1.5E-06 
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It  is emphasized that the accident scenario assessment used average on-site meteorological 

conditions from 1987 through 1992. One cannot forecast what meteorological conditions 

might exist at the time of the theoretical accident. With the exception of one case, it is 

reasonable to use average weather data. That exception is that the accident might occur as 

a result of, or be accompanied by, h g h  or tornadic winds. High and directed winds result 

in a narrower down wind trajectory of the contaminated plume resulting in much less 

dilution at a given distance. The down wind individual, or population group, within the 

narrow trajectory are maximally exposed. The accompanying condition is reduced exposure 

9 to other off-site residents who would be exposed to airborne effluent during normal 

10 meteorological conditions. 

1! 
12 

Risks from the impact of expected routine releases can be compared to the accident 

scenario risks (See Table 4-9). 

TABLE 4-9 Comparison of Alternative 3 and the Accident Scenario 

Alternative 3 Accident Scenario 0 Receptor Group mrem Risk m e m  Risk 

Individual On-Site Worker 1.2E-0 1 5.8E-08 1.6E-03 7.7E-10 

Individual Off-Site Resident 2.9E-01 1.7E-0 1 2.6E-03 1.6E-09 
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5.0 DOSE AND RISK DUE TO SAFE SHUTDOWN 

5.1 In-Plant Worker 

The Safe Shutdown Removal Action will be carried out utilizing five teams of 

approximately 25 people each. Each of the five teams would be working on five of the 

production facilities simultaneously. The five facilities targeted for the initial Safe 

Shutdown activities include Plants 1, 4, 7, 8 and 9. 

The current schedule has Safe Shutdown activities phased over a 5.25 year period with nine 

major Plants involved. The work periods associated with each plant are detailed in Table 

5-1. 

TABLE 5-1 Safe Shutdown Work Durations 

Plant Work Period (months) 

213 
Pilot Plant 

6 
1 
9 
8 
5 

> 4  
7 

62 
41 
32 
31 

22 (2 periods) 
21 (2 periods) 

20 
18 
8 

, t. : 
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Dose and risk estimates for the in-plant worker use the same method described in 4.1. In- 

plant airborne contaminant concentrations (Table 2-8) are identical as are the external 

exposure rates. Allowance for respiratory protection is applied in the same way. The work 

periods within the respective plants are different for Safe Shutdown. The radiation dose 

and risk estimates are calculated in accordance with the planned work periods within each 

of the plants. 

A summary of the EDEs and risks to the in-plant workers is provided in Table 5-2. These 

values represent the total dose and risk to workers involved in the project. The total 

individual maximum exposure is 952 mrem. With 125 Safe Shutdown workers, the 

collective EDE is 1.2E + 02 person-rem with a collective risk of 5.8E-02. 

TABLE 5-2 Safe Shutdown In-Plant Worker EDE and Risk 

Estimated EDE (mrem) 

Work Period 
Plant (months) Airborne External Total Risk 

Plant 1 31 119 428 547 2.6E-04 

Plant 213 62 94 858 952 4.6E-04 

18 24 249 273 1.3E-04 Plant 4 

Plant 5 20 27 277 3 04 1.5E-04 

32 47 443 490 2.4E-04 

Plant 7 8 23 111 134 6.4E-05 

Plant 8 21 74 29 1 365 1.8E-04 

Plant 6 

Plant 9 22 34 3 06 340 1.6E-04 

Pilot Plant 41 72 568 640 3.1 E-04 
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1 5.2 Other On-Site Worker 

2 

3 

Because of the distribution of plant locations relative to the distribution of the on-site 

worker population, two different assessments were performed. For the maximally exposed 

4 

5 

6 

7 

on-site worker, a CAP88-PC run was first performed for each of the plant complexes to 

determine the maximum exposure from Safe Shutdown activities. Results are summarized 

in Table 5-3. Note that this is the total on-site worker exposure for the work periods shown 

(not an annual dose rate).’ 

TABLE 5-3 Other On-Site Worker EDE and Risk from Safe Shutdown 

Maximum Exposure 

Work Period 
Plant (Years) Distance (m) Direction EDE (mrem) Risk 

Plant 1 31 

Plant 2 62 

. Plant4 18 

Plant 5 20 

Plant 6 32 

Plant 7 8 

Plant 8 21 

Plant 9 22 

350 

450 

450 

3 00 

200 

500 

300 

200 

NE 
NE 
NE 
NE 

NE 

NE 

NE 

NE 

4.7E-03 

2.8E-03 

1.2E-03 

2.5E-03 

1.4E-02 

1.1 E-04 

9.9E-03 

3.2E-03 

2.3E-09 

1.2E-09 

6.7E-09 

5.3E-11 

4.8E-09 

1.5E-09 

Pilot Plant 41 350 NE l.lE-03 5.3E-10 
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3 

4 

Then, another CAP88-PC run was performed to show the maximally exposed on-site 

worker for the combined releases. That individual location and exposures result is: 

447m NE of the Center of the Production Area 

EDE: 3.5E-02 mRem Risk: 1.7E-08 

For the collective exposure to other on-site workers, another CAP88-PC run was performed. 

The total releases, from all plants, were taken as a single release point at a location central 

to the nine plants. The population distribution of on-site workers (Figure 4-1) was then 

applied to the computed radiation doses to each of the 12 sectors. The results are given in 

Table 5-4. 

TABLE 5-4 Collective Other On-Site Worker Dose Equivalents (person-mrem) 

Location West Central East 

Production Area - North 40 Workers 30 Workers 20 Workers 
3.1E-01 3.5E-01 7.1E-01 

Production Area - Central 200 Workers 150 Workers 40 Workers 

Production Area - South 50 Workers 40 Workers 30 Workers 

Administrative Area 400 Workers . 400 Workers 200 Workers 

2.6E + 00 3.1E + 00 9.OE-01 

% 7.9E-01 3.9E-0 1 4.9E-0 1 

3.9E + 00 4.1E + 00 2.6E + 00 

Total Collective Dose (Person-rem) 5.5E-02 
Total Collective Risk 2.6E-05 
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5.3 Off-Site Residents 

- .  54.49 

Dose and risk to off-site residents were computed by CAP8S-PC using the same airborne 

plant releases as in 5.2 above. It was conservatively assumed that all produce, milk and 

meat is locally produced on the resident's property. The nearest down wind off-site 

resident is located 9 15 meters northeast of the center of the Production Area.\ The 

maximally exposed off-site resident had: 

EDE: 1.1E-01 mRem Risk: 6.6E-08 

For the collective exposure to off-site residents, the Safe Shutdown airborne release source 

term was used with CAP88-PC to calculate the EDE to the distributed population out to 

five miles. The population, in each of those 80 sectors, was multiplied by the EDE for 

each sector. The results are given in Table 5-5. 



TABLE 5-5 Collective Off-Site Resident EDE for Safe Shutdown 0 
Distance 

0-1 Mile 1-2 Miles 2-3 Miles 3-4 Miles 4-5 Miles 
~ ~~ ~~ 

€DE EDE EDE EDE EDE 
(Person- (Person- (Person- (Person- (Person- 

Direction mrem) mrem) mrem) mrem) mrem) 

N 

NNW 

NW 

WNW 

W 

wsw 
SW 

ssw 
S 

ESE 

E 

ENE 

8.9E-01 

4.2E-01 

3.4E-01 

4.7E-01 

2.6E-0 1 
---- 

3.6E-0 1 

1.8E-01 
---- 

3.6E-0 1 

- ~~ ~ 

1.7E-01 5.1E-01 4.3E-01 3.7E-01 

1.7E-0 1 8.4E-0 1 8.6E-01 3.9E-01 

2.OE-01 7.6E-0 1 7.8E-01 6.4E-01 

6.4E-02 6.2E-01 5.3E-01 4.5E-01 

2.1E-01 1.1E + 00 1.1E + 00 1.2E + 00 

1.8E-01 6.8E-01 5.7E-01 2.8E + 00 

6.9E-0 1 

7.OE-01 

8.9E-02 

1.7E-0 1 

9.6E + 00 
---- 

3.8E-01 

7.5E + 00 

7.9E-01 

5.4E-01 

6.1E-01 

9.2E-01 

1.4E-0 1 

4.5E + 00 

4.8E + 00 

1.7E + 01 

1.4E + 00 

1.1E-01 

2.6E + 00 

4.5E + 00 

8.1E + 00 

1.OE + 01 

1.1E + 01 

1.6E + 01 

1.7E + 00 

8.7E + 02 

2.OE + 00 

3.6E + 00 

6.6E + 00 

8.4E + 00 

9.8E + 00 

9.2E-01 

NE ---- 1.3E + 01 1.8E + 01 1.2E + 00 1.1E + 00 

NNE 1.1E + 00 ---- 8.9E-0 1 ' 7.8E-0 1 7.6E-0 I 

Total Collective Dose (Person-mrem) = 193 
Total Collective Risk = 7.6E-05 
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6.0 DOSE AND RISK FROM THE CENTRAL STORAGE FACILITY 

6.1 Introduction 

A Central Storage Facility (CSF) will provide interim storage for wastes from 

decontamination and dismantlement. The CSF will also store waste soils generated from 

Removal Action No. 17, Improved Storage of Soil and Debris. Six Tension Support 

Structures (TSS) will be located just north of the eastern end of the Production Area. 

One TSS will be dedicated to the interim storage of soil and the other five will be dedicated 

to building related wastes from the Production Area. The former will be more labor 

intensive and require eight workers. Maintenance and operations for the five TSS 

containing plant-related wastes will require an additional total of eight workers for all five. 

Because of the dual waste characteristics, two exposure assessments were performed; one 

for the TSS containing waste soils and the other for the five TSS containing plant-related 

wastes. 

6.2 Dose and Risk Due to Waste Soil 

6.2.1 Introduction 

Assessment of airborne concentrations in the TSS storing soil were based upon the soil 

characteristics summarized in Section 2.2. Airborne concentrations within the TSS, and 

releases from this TSS, were calculated using EPA Guidance (EPA 1989). This calculation 

resulted in an emission flux of 4.3E-07 g/m'-sec over an effective area of 256 m3. Table 6- 

1 summarizes the resultant releases. 
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TABLE 6-1 Estimated Annual CSF Releases from Soil Wastes ' 

~~ 

Release Release 
Isotope (PCilyr) . Isotope (CLCQyr) 

U-238 4.7E-0 1 Th-228 2.2E-02 

U-234 3.6E-0 1 Ra-228 4.5E-02 

Th-230 2.9E-01 Pu-239, 240 1.2E-03 

Ra-226 1.4E-01 Np-23 7 1 .OE-07 

U-235 . 1 .7E-02 Pu-23 8 1.3E-03 

Tc-99 2.8E-03 CS-137 1.9E-03 

Th-232 2.5E-02 Sr-90 3.4E-03 

6.2.2 In-Plant Worker 

An earlier assessment of occupational exposure to workers maintaining the TSS containing 

soils was performed by Parsons (Zimmerman, 1993). The sum of external exposure and 

airborne exposure was determined to result in an EDE of 215 mRedyr.  Assuming 

operation for 16 years, each worker would experience: 

215 mRedyr x 16 years = 3.4E + 00 Rem 

3.4 Rem x 4.8E-04Rem = 1.6E-03 Risk 

The collective EDE to 8 workers is 27.2 person-Rem for the project. 

6.2.3 Other On-Site Workers 

Using the releases shown in Table 6-1, with CAPSS-PC, the maximally exposed on-site 

worker would be located 213 meters NE of the TSS. That location would experience 3.OE- 

04 mRem/yr or 4.8E-03 mRem for a 16 year period. The attendant risk would be: 

4.8E-03 mRem x 4.8E-O7/mRem = 2.3E-09. 
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3 

That location is outside the Production Area and it would be unusual for a worker to be 

performing tasks there. The point of release is 285 ft. north of the Production Area and 

620 ft. west of the eastern edge of the Area. 

4 

5 

6 results. 

For the collective EDE, a CAP88-PC run was performed to calculate the dose to workers in 

the earlier described 12 sectors within the Production Area. Table 6-2 summarizes those 

TABLE 6-2 Annual Collective On-Site Worker Dose Equivalent' Rate from Soil Waste 
Storage Releases 

Collective Dose Rate (Person-mredyr) 

Location West Central East 

Production Area - North 40 Workers 
3.1E-03 

Production Area - Central 

Production Area - South 50 Workers 

Administrative Area 400 Workers 

200 Workers 
7.6E-03 

1.2E-03 

6.4E-03 

30 Workers 
2.9E-03 

150 Workers 
6.4E-03 

40 Workers 
1 .OE-03 

400 Workers 
7.1E-03 . 

20 Workers 
2.3E-03 

40 Workers 
3 .OE-03 

30 Workers 
l.lE-03 

200 Workers 
4.7E-03 

Total Collective Dose (Person-rem) = 4.7E-05 
Total Collective Risk = 7.5E-04 (16 yr) 

Total Collective Risk = 3.6E-07 

1 6.2.4 Off-Site Residents 

2 

3 

The releases given in Table 6-1 were then applied with CAP88-PC to determine the 

exposure to off-site residents. The maximally exposed off-site resident would be located 

4 

5 mRem/yr. For the 16 year remedial action: 

500 meters east-northeast of the TSS with an effective dose equivalent rate of 7.4E-04 

6 

7 and 1.2E-02 mRem x 6.OE-O7/mRem = 7.2E-09 risk 

7.4E-04 mRem/yr x 16 yr = 1.2E-02 mRem 

. . : .  
000097 
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For the collective EDE to off-site residents the same airborne release source term was used 

with CAP88-PC to calculate the radiation dose to the 80 sectors consisting of one mile radii 

out to five miles for the 16 compass directions. The results were multiplied by the 

populace within each of the 80 sectors. The results are summarized in Table 6-3. 

2 

3 

4 

.I 

73 

000078 



TABLE 6-3 Annual Population Collective EDE Rate from Soil Waste Storage Releases 

Distance 

0-1 Mile 1-2 Miles 2-3 Miles 3-4 Miles 4-5 Miles 

EDE EDE EDE EDE EDE 
(Person- (Person- (Person- (Person- (Person- 

Direction mrem) mrem) mrem) mrem) mrem) 

N 

NNW 

NW 

WNW 

W 

wsw 
sw 
ssw 
S 

SSE 

SE 

ESE 

E 

ENE 

NE 

NNE 

2.7E-03 3.2E-04 8.9E-04 7.4E-04 6.2E-04 

1.2E-03 3.2E-04 1.5E-03 1.5E-03 6.8E-04 

3.6E-04 1.3E-03 1.3E-03 1.1E-03 

3 .OE-04 
---- 

7.6E-04 

8.9E-04 

1.3E-03 

7.3E-04 
---- 

i . 3 ~ - 0 3  

6.6E-04 

1.3E-04 

3.9E-04 

3.4E-04 

1.3E-03 

1.4E-03 

1.7E-04 

3.2E-04 

1.9E-02 
---- 

7.6E-04 

1.4E-02 

2.4E-02 

l.lE-03 

2.OE-03 

1.2E-03 

1.4E-03 

9.5E-04 

1.1E-03 

1.7E-03 

2.5E-03 

7.8E-03 

8.7E-03 

3.1E-02 

3.3E-02 

1.6E-03 

8.9E-04 

1.8E-03 

9.8E-04 

2.4E-03 

2.OE-04 

4.6E-03 

7.7E-03 

1.3E-02 

1.7E-02 

2.OE-02 

2.8E-02 

2.1 E-03 

1.4E-03 

7.3E-04 

2.OE-03 

4.8E-03 

3.OE-03 

1.5E-04 

3.5E-03 

1.4E-02 

1.6E-02 

1.5E-03 

1.9E-03 

1.3E-03 
~ ~~ 

Total Collective Dose (Person-mrem) = 3 SE-04 
Totai Collective Person-rem = 5.6E-03 (16 yr) 

Total Collective Risk = 3.4E-06 

' f  . . 1  .:) 
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6.3 Dose and Risk due to Plant Wastes 

.I 
2 6.3.1 Introduction 

3 

4 

5 

The assessment. in 6.2 above, was for the single TSS storing soil wastes. This section 

summarizes the assessment of the five TSS used to store plant wastes from the remedial 

actions proposed for Operable Unit 3 components. 

6 

7 

8 

9 

10 

11 production operations. 

The airborne concentrations within each of the five TSS were represented by an average of 

all those within the nine Plants (Table 2-8). This also provided the basis for the 

determination of airborne releases. A conservative estimate of in-plant worker exposure 

was based upon the highest airborne concentration observed among the plants. External 

exposure rates to in-plant workers were again based upon those encountered during 

Release rates were determined by using the airborne concentrations and a volume release 

based upon five volume exchanges per hour. The air filtration system will be less efficient 

than those that can be provided for the in-plant controls and a release of 10 percent of the 

airborne activity was assumed. The airborne release source term is provided in Table 6-4. 

14 

15 

TABLE 6-4 Estimated Annual CSF Releases from Soil Wastes 

Release Release 
Isotope (PCvYr) Isotope (PCdYr) 

U-23 8 5.1E + 01 Ra-228 7.1 E-02 

U-234 5.1E + 01 Th-228 1.4E-0 I 

Th-230 1.2E + 00 Ra-228 1.3E + 01 

Ra-226 1.6E + 01 PU-239, 240 8.1E-01 

U-236 

U-235 

Tc-99 

Th-232 

3.3E + 02 Np-23 7 

3.3E- + 00 PU-23 8 

5.9E + 03 CS-137 

1.5E-01 Sr-90 

6.8E-02 

4.1 E-02 

9.9E-02 

5.6E-02 
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6.3.2 In-Plant Workers 

In the analysis of worker exposure during remedial actions among the plants, it was 

determined that the hqhest would occur in-Plant 8. That airborne concentration, with the 

attendant estimated external exposure, results in an EDE rate of 212 mRedyr  (Table 4-1). 

For 16 years of operation (Alternative 3): 

212 mRem/yr x 16 yr = 3.4E + 00 Rem 

3.4 Rem x 4.8E-O4/Rem = 1.6E-03 Risk 

Only eight workers are required for operations and maintenance among the five TSS and 

the collective effective dose equivalent is 27 person-Rem. 

6.3.3 Other On-Site Workers 

The airborne release source term (Table 6-4) was applied with CAP88-PC to compute the a 
EDE rates. The maximally exposed individual on-site worker would be located 213 meters 

NE of the CSF. That location would experience 1.5E-02 mRedyr  or 2.4E-01 mRem for 

the 16 year period. The attendant risk would be: 

2.4E-01 mRem x 4.8E-O7/mRem = 1.2E-07 risk. That location is outside the 

Production Area and it would be unusual for a worker to have continuing duties 

there. As noted in 6.2.3, the release point is north of the eastern end of the 

Production Area. 

These releases were used with CAP88-PC to calculate the exposure to workers within the 

Production Area. Table 6-5 summarizes the result. 
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TABLE 6-5 Annuai Collective On-Site Worker Dose Equivalent Rate from Plant 
Waste Storage Releases 

Collective Dose Rate (Person-mredyr) 

Location West Central East 

Production Area - North 40 Workers 
1.6E-01 

Production Area - Central 

Production Area - South 50 Workers 

Administrative Area 400 Workers 

200 Workers 
3.8E-00 

5.8E-02 

3.3E-01 

30 Workers 

150 Workers 

1.4E-0 1 

3.3E-01 

40 Workers 
5.1E-02 

400 Workers 
3.6E-0 1 

20 Workers 
1.4E-0 1 

40 Workers 
1.5E-01 

30. Workers 
5.7E-02 

200 Workers 
2.3E-01 

Total Collective Dose (Person-rem) = 2.4E-03 
Total Collective Risk = 3.8E-02 (16 yr) 

Total Collective Risk = 1.8E-05 

6.3.4 Off-Site Residents 0 ’  
2 

3 

4 

5 

6 remedial actions, result in: 

The releases given in Table 6-4 were then applied with CAP88-PC to determine the 

exposure to off-site residents due to interim storage of plant related wastes. The maximally 

exposed off-site resident is 500m east-northeast of the CSF with an effective dose 

equivalent rate of 3.9E-02 mRedyr. Operations for 16 years, in support of the proposed 

7 

8 

3.9E-02 mRem/yr x 16 yr = 6.2E-01 mRem 

6.2E-01 mRem x 6.OE-O7/mRem = 3.7E-07 Risk 

9 

10 

11 

12 

The collective EDE was determined by using CAP88-PC to calculate dose to sectors 

represented by one mile radii out to five miles from the F E W  for each of the 16 compass 

directions. The results were multiplied by the population within each of the 80 sectors. 

The results are summarized in Table 6-6. 

I 
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TABLE 6-6 Annual Population Collective EDE from Plant Related Waste Storage Releases 

Distance 

0-1 Mile 1-2 Miles 2-3 Miles 3-4 Miles 4-5 Miles 

EDE EDE EDE EDE EDE 
(Person- (Person- (Person- (Person- (Person- 

Direction mrem) mrem) mrem) mrem) mrem) 

N 1.4E-0 1 1.7E-02 4.7E-02 3.8E-02 3.4E-02 

- NNW 6.2E-02 1.7E-02 7.7E-02 7.8E-02 3.7E-02 

NW ---- 1.9E-02 7.OE-02 7.OE-02 5.5E-02 

WNW 1.7E-02 6.4E-03 5.7E-02 4.6E-02 3.9E-02 

W 2.1E-02 1 .OE-0 1 9.7E-02 1.1E-01. 

WSW 3.9E-02 1.8E-02 6.2E-02 5.2E-02 2.5E-01 

SW 4.7E-02 6.7E-02 7.3E-02 1.3E-01 1.6E-0 I 
ssw 6.9E-02 6.8E-02 5.OE-02 1 .OE-02 7.5E-03 

3.8E-02 8.8E-03 5.6E-02 2.4E-01 1.9E-0 1 S 

Q 

SSE 

SE 

---- 1.7E-02 8.5E-02 4.1E-01 

7.OE-02 1.OE + 00 1.3E-01 7.2E-0 1 3-2E-08 5.8E-01 

ESE 3.4E-02 ---- 4.2E-01 9.1E-01 7.5E-01 

E ---- 4.OE-02 4.5E-01 1.OE + 00 8.5E-01 

.7.5E-01 1.6E + 00 1.5E + 00 7.OE-02 ENE , 6.3E-02 

NE ---- 1.2E + 00 1.7E + 00 1.1E-01 9.4E-02 

7.1 E-02 6.9E-02 NNE 1.7E-0 1 ---- 8.5E-02 

Total Collective Dose (Person-mrem) = 1.8E-02 
Total Collective Person-rem = 2.9E-01 (16 yr) 

Total Collective Risk = 1.7E-04 
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6.4 Summary of Dose and Risk from the CSF .' 
2 

3 

Table 6-7 is a summary of the dose and risk to the three receptor groups as a result of 

interim storage of both types of wastes for the 16 year duration of Alternative 3. 

TABLE 6-7 EDE and Risk from the CSF for Alternative 3 

Individual EDE Individual Collective EDE Collective 
Receptor Group (rem) Risk (Person-rem) Risk 

In-Plant Worker 3.4 + 00 1.6E-03 5.4E + 01 2.6E-02 

Other On-Site Worker 2.4E-04 1.2E-07 3.9E-02 1.9E-05 

Off-Site Resident 6.3E-04 3.8E-07 3 .OE-0 1 1.8E-04 
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a 7.0 DOSE AND RISK FROM OFF-SITE TRANSPORTATION OF WASTES 

7.1 Introduction 

Alternative 3, the 16 year decontamination and dismantling of the Production Area, will 

require off-site disposal of wastes. Disposal of wastes at the DOE Nevada Test Site (NTS) 

was assumed for this assessment. Because of recent and continuing disposal of other 

F E W  wastes to NTS, the assumption is realistic. It is possible that an alternate disposal 

site might be developed. Using NTS for this assessment may be conservative because any 

alternate site is likely to be less distant. Waste characteristics remain the same however 

any disposal at a closer location will result in less radiation dose and risk. 

Analysis of the potential impacts in this Proposed Plan includes consideration of the 

radiation dose and risk to truck drivers and to the en-route public due to shipment of 

radioactive wastes for disposal to the'Nevada Test Site (NTS). Alternatives 1 and 2 would 

not require waste transportation. Only Alternative 3 would involve waste shipments. 

This analysis includes two distinct cases; the incident-free transport and then the 

transportation accident scenario. Two different waste configurations were used with the 

models contained within the Sandia National Laboratories (SNL) RADTRAN 4 Computer 

Code (SNL 1986 and 1992). Details of this code, and specific results, are provided in 

Appendix B of this report. 

The occupational and public radiation doses, during incident free transport, is only due to 

external gamma ray (and other photon) exposure. Because of the linear extent of the 

source, the incident-free analysis was based upon shipments of ,two SeaLand containers. 

These are typically double trailer shipments with each container being 9.1 meters long. 

For the accident analysis, more highly concentrated and dispersable residues, in 55 gallon 

containers was used. 
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1 7.2 Incident Free-Transport 

a 2  7.2.1 Conceptual Model 

3 

4 

5 

Empirical external dose rate measurements from a typical F E W  waste container were input 

to RADTRAN 4 whch combines code specific algorithms with user determined parameters, 

as described in Appendix B. 

6 

7 groups or receptors: 

This assessment for normal incident-free transport, estimates exposure to four population 

8 1. Truck drivers including loading, en-route, and unloading operations; 

9 2. 

10 vehicles; 

11 3. 

12 and 

Public drivers and passengers who share the road with the waste transport 

Members of the public who live, work, or are otherwise adjacent to the road; 

15 

16 

17 

18 

19 

20 

21 

22 

23 

24 

25 

26 

4. Members of the public in the vicinity of the waste transport vehicle during 

stops. 

7.2.2 User Provided Input Parameters 

The FERMCO specified parameters and analysis flags included: 

Incident free transport 

Consider no building shielding 

Package size: 2 each 9.lm (SeaLand Container) 

Transport Mode: Truck only 

Truck Drivers: 2 per trip (no other crew) 

Number of shipments: 645 

Package Dose Rate at one meter: 0.018 me&. 

Number of persons exposed during stops: 4 

Average distance to persons during stops: 20 meters 

One way trip distance: 3300 km 
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1 Package Size and Number 

- 7 

3 

4 

5 

6 

Waste containers are expected to be 55 gallon drums, B-25 boxes and Sea Land containers. 

The maximum external exposure case is expected to be a double trailer shipment with a 

total of two 9.1 meter long SeaLand containers. This single case was used to estimate the 

impact of 645 shipments. The latter is calculated based upon waste volume estimates given 

in Table G-1 of Appendix G of the Proposed Plan. 

7 

8 

9 

10 

11 

12 used for the analysis. 

Package Dose Rate at One Meter 

A tissue equivalent plastic scintillation detector was used to take measurements, at one 

meter, from a SeaLand container currently loaded with representative wastes. 

Measurements. at the locations around the container ranged from 6pR/hr to 18 pR/hr, with 

an average of 9.6 f 4.OpIUhr. To be conservative, the maximum value of 18 pR/hr was 

13 

14 

15 

16 

17 route, was assessed. 

Number of Persons and Distances During Stom 

The RADTRAN default values of 50 persons at a distance of 20 meters were judged to be 

a high estimate. That distribution approximates a population density of 39,790 persons/km2. 

For comparison. the population distribution at a busy urban truck stop, along the planned 

c 

18 The following information was obtained (Maupin, 1993) for a standard truck stop along the 

19 expected route to compare reasonableness: 

20 Equilibrium number of parked trucks: 120 

21 Number of drivers per truck: 1.3 (156 total) 

22 Truck stop area: 10 acres 

23 

24 

25 

26 

The default distance of 20 meters was used and a conservative closer-in population 

distribution was used. This also allowed for exposure to truck stop workers. Use of four 

persons at 20 meters approximates a population density of 3183 persons/km2. This in turn 

can be compared to the RADTRAN default value for an urban population distribution of 

27 3 86 1 p e r s o n s h '  . 

. .  
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7.2.3 RADTRAN Default Parameters 0 '  
2 The significant default values provided by RADTRAN that were used are: 

3 Distance Fraction of Travel: 

4 90 percent rural 

5 5 percent suburban 

6 5 percent urban 

7 Truck Speed: 

8 Rural 55 mph 

9 Suburban 25 mph 

10. Urban 15 mph 

1 1  Stop Time: 

12 0.011 hr/km 

13 Urban Conditions: 

16 

17 

18 

19 

20 

21 

22 

23 

24 

Fraction during rush hours 

Fraction on city streets 

Fraction on urban highway 

Public Traffic One-way Sharing of Route: 

Rural 470 vehiclesh 

Suburban 780 vehiclesh 

Urban 2800 vehiclesh 

8 percent 

6 percent 

85 percent 

Population Densities: 

Rural 6 persons/km2 

Suburban 71 9 personsh '  

Urban 3 86 1 personsh '  

25 

26 unloading. 

Large package size flags for heavy equipment handling and for driver loading and 
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2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 
-- 33 

Information that is derived includes: 

Travel time 40.5 hr 
Stop time 36.3 hr 

The RADTRAN urban population density was used. However, an analysis of the expected 

route, with populations and city sizes, showed that those city population densities would 

likely be better approximated by the default suburban population density. 

7.2.4 Incident-Free Dose and Risk Summary 

Truck Drivers 

The results yielded a calculated 2.2E-01 m e m  per trip per driver including travel and waste 

handling. 

It is planned that six two-man driving crews would share driving duties for the 645 trips. 

This corresponds to an individual dose equivalent of 2.4E-02 rem with a corresponding 

individual risk of 9.6E-06. a 
En-Route Public 

The maximum individual member of the public resides adjacent to the route and receives an 

effective dose equivalent of 1.7E-06 rem with an associated risk of 1.OE-09. 

The collective effective dose equivalents are: 

Public drivers sharing the route: 

Residents and others along the route: 

Truck stops public: 

1.05E-0 1 person-rem 

2.40E-0 1 person-rem 

1.60E-0 1 person-rem 

Collective Total: 

Collective Risk: 

5.05E-0 1 person-rem 

3 .OE-04 

000089 84 
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7.3 Transportation Accident Scenario .' 
- 3 7.3.1 Conceptual Model 

_I 

3 

4 

5 

6 

7 

8 

9 

The RADTRAN 4 computer code was also used to perform the transportation accident 

assessment. The RADTRAN 4 model computes the probabilities of each of eight accident 

categories given the total distance traveled in urban, suburban, and rural settings. These 

categories are termed "severity categories'' to represent the increasing severity of the 

accident. Figure 7-1 presents the classification of each category with respect to accident 

crush force and fire duration. The dose equivalents of various accidents are computed by 

RADTRAN 4 based on a large number of factors. These include, but are not limited to: 

10 

11  

12 

The amount, isotopes, and characteristics of radioactive materials involved; 

the rural. suburban. and urban population densities; 

the fraction of time for each Pasquill atmospheric stability category at the accident 

site; 

the amount of radioactive material released for each accident severity category; 

the fraction of released radioactivity which becomes airborne and that which is 15 

16 respirable. 

17 

18 

19 

20 

21 

22 allow ingestion. 

For this accident assessment the ingestion pathway was excluded. This is because the 

ingestion pathway analysis done by RADTRAN 4 is not highly sophisticated. Inclusion of 

the ingestion pathway amounts to assuming that fallout contaminated crops are harvested 

and consumed by people and livestock for 50 years. It is more reasonable to assume that 

contaminated crops are withheld from the food supply and that ensuing clean-up would not 
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Figure 7-1 Accident Severity Category Classification (SNL 1986) 
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7.3.2 Shipment Configuration for the Accident Scenario 0 '  
2 7.3.2.1 Waste Containers and Waste Forms . 

3 

4 

5 

The three types of containers used for waste shipments are 55 Gallon drums, B-25 boxes, 

and SeaLand containers. The waste forms and related factors are assessed below to justify 

the selected configuration for the accident scenario. 

6 55 Gallon Drums 

10 

13 

14 

15 

16 

17 

Physical Characteristics: 

Standard DOT Specification 17H 55 gallon drums contain a nominal seven cubic 

feet of waste. 

Waste Forms: 

The drums will contain residues including dusts, powders, granules, grindings, and 

similar media from the decontamination processes. In addition, wastes from the 

operations will include contaminated personal protective equipment, spent 

consumables, and small equipment items. Compacting and other waste minimization 

procedures. have resulted in most drums approaching 1,000 lb. each (REECO 1993). 

The estimated total quantity to be shipped is 5,000 drums (Appendix G: Table G-2 

of the Proposed Plan). The quantity per shipment is 38 drums (REECO 1993). 

18 B-25 Boxes 

19 Physical Characteristics: 

20 The B-25 boxes are 4 ft. by 6 ft. by 4 ft. high. Each is expected to contain 80 cubic 

21 feet of wastes. 

e 



1 

2 

Waste Forms: 

1. Miscellaneous Metals: Lighter gauge metals, conduit, piping, wiring, 

ductwork, and smaller process and construction metallic objects. The estimated total 

quantity to be shpped is 665 boxes (Appendix G, Table G-2 of the Proposed Plan). 

2. Other Materials: Construction and process materials and scrap including 

glass. plaster, wood, insulation, roofing, and various plastic-based materials. The 

estimated total quantity to be shipped is 1884 boxes (Appendix G, Table G-2 of the 

Proposed Plan). The quantity per shipment is 6 boxes (REECO 1993). 

.9 SeaLand Containers 

10 Physical Characteristics: 

11  

12 

The SeaLand containers are 8 ft. by 30 ft. by 8 ft. high. They are expected to 

contain 1600 cubic feet of wastes. 

13 Waste Forms: 

14 1. Structural Steel: Medium to heavy grade steel from structural applications 

15 

16 

such as girders and beams. The estimated quantity to be shipped is 11 containers 

(Appendix G, Table G-2 of the Proposed Plan). 

17 2. Transite: Transite panels from interior and exterior building walls. The 

18 estimated quantity to be shipped is 7 containers (Appendix G, Table G-2 of the 

19 Proposed Plan). The quantity per shipment is 2 containers (REECO 1993). 

20 7.3.2.2 Selection for the Accident Scenario 

21 

22 

23 

The waste forms to be shipped in B-25 boxes and SeaLand containers will typically have 

only surface contamination with relatively low radionuclide concentrations per weight of 

wastes. Loose surface contaminants will have been removed from a large fraction of those 

24 materials. . A 

25 While the 55 

minimum fraction of the activity would 

gallon drums meet required Department 

be dispersed during an accident. 

of Transportation Specifications, the 
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B-25 boxes and SeaLand containers are more ruggedly constructed and less likely to lose 

containment integrity as the result of the forces and fire that might attend a severe accident. a: 
3 

4 

5 

6 

7 

8 

9 1.000 lb of waste. 

A portion of the wastes will have the hghest radionuclide concentrations and contain 

wastes that would be'more readily dispersed as the result of a severe accident. These 

wastes will be transported in 55 gallon drums. Therefore, the shipment configuration used 

to assess a conservative accident scenario is for a load consisting of 38 each 55 gallon 

drums. It is assumed that 19 drums contain highest concentration residues and that the 

other 19 drums contain lower concentration waste forms. Each drum is estimated to have 

10 

1 1  

12 

13 

An estimate of the highest concentration waste forms is obtained by using the average 

concentrations of the various radionuclides present in the dust collectors from Plants 1, 4, 8, 

9. and the Pilot Plant. The other 19 drums, of lower activity, are estimated to be five 

percent of the high concentration residues. Table 7-1 summarizes the waste concentrations 

for each drum and for the total shipment for use with the transportation accident scenario. 

89 
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TABLE 7-1 Waste Shipment Quantities for Transportation Accident Scenario 

High Concentration Low Concentration 
Drums Drums 

Concentrated Quantity/ 19 D m  Quantity/ 19 Drum Total 
Isotope Residues DIUlll total Drum Total Shipment 

( P C W  (Ci) (Ci> (Ci) (Ci) (Ci) 
U-23 8 3.2E-0 1 1.5E-01 2.9E + 00 7.3E-03 1.4E-0 1 3.OE + 00 

3.OE + 00 

Pa-234m 3.2E-0 1 1.5E-01 2.9E + 00 7.3E-03 1.4E-0 1 3.OE + 00 

U-234 3.2E-0 1 1.5E-01 2.9E f 00 7.3E-03 1.4E-0 1 3.OE + 00 

Th-234 3.2E-01 1.5E-01 2.9E + 00 7.3E-03 1.4E-0 1 

Th-23 0 l.lE-03 5.OE-04 9.5E-03 2.5E-05 4.8E-04 1 .OE-02 

2.4E-03 Ra-226 2.6E-04 1.2E-04 2.3E-03 5.9E-06 1.1E-04 

U-235 

Tc-99 

Th-232 

Th-228 

Ra-228 

Pu-239,40 

Np-237 

Pu-23 8 

CS-137 

Sr-90 

7.OE-03 

2.OE-02 

2.8E-04 

3.9E-04 

1 .OE-04 

1.2E-03 

1.4E-04 

7.1 E-04 

2.6E-04 

1 .OE-04 

3.2E-03 

9.1 E-03 

1.3E-04 

1.8E-04 

4.5E-05 

5.4E-04 

6.4E-05 

3.2E-05 

1.2E-04 

4.5E-05 

6.1E-02 

1.7E-01 

2.5E-03 

3.4E-03 

8.6E-04 

1 .OE-02 

1.2E-03 

6.1 E-04 

2.3E-03 

8.6E-04 

1.6E-04 

4.5E-04 

6.4E-06 

8.9E-06 

2.3E-06 

2.7E-05 

3.2E-06 

1.6E-06 

5.9E-06 

2.3E-06 

3 .OE-03 

8.6E-03 

1.2E-04 

1.7E-04 

4.4E-05 

5.1E-04 

6.1E-05 

3 .OE-05 

1.1E-04 

4.4E-05 

6.4E-02 

1.8E-0 1 

2.6E-03 

3.6E-0 

9.0e- 

1.1E-02 

1.3E-03 

6.4E-04 

2.4E-03 

8.9E-04 

1 '  7.3.3 Accident Parameters 

2 

3 

4 

5 

6 

7 

The most significant parameters used in the accident assessment are summarized in Tables 

7-1, 7-2, and 7-3. Parameters such as distance traveled, number of trips, and population 

densities are identical to those used in Section 7-2. Ingestion, inhalation, and immersion 

dose conversion factors used in the model were taken from data files contained in the 

CAP88-PC computer code (EPA 1992). Average gamma energy per transformation data 

used by RADTRAN 4 were deriuved from radioactive decay tables (DOE 1981). 

9 



TABLE 7-2 Accident Scenario Parameters a 
Parameter . Value 

Number of "High Activity" drums per trip 19 

Number of "Low Activity" drums per trip 19 

Pasquill Stability Class F 
Accident Rate 

Rural 
Suburban 
Urban 

Release fractions by severity category 

1.4E-07 km-' 

1.6E-05 km-' 
2.7E-06 km-' 

1 0.00 

3 0.02 

5 0.08 

0.01 

4 0.04 

6 0.16 
7 0.32 
8 0.64 

3 - 

0 
TABLE 7-3 Transportation Accident Severity Fractions 

Severity Group Rural Suburban Urban 

1 4.6E-01 4.4E-0 1 5.8E-0 1 

2 3.OE-01 2.9E-01 3.8E-0 1 
1.8E-01 

4.OE-02 

1.2E-02 

6.5E-03 

5.7E-04 

1.1 E-04 

2.2E-0 1 

5.1E-02 

6.6E-03 

1.7E-03 

6.7E-05 

5.9E-06 

2.8E-02 

6.4E-03 

7.4E-04 

1.5E-04 

1.1E-05 

9.9E-07 
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10 

7.3.4 Dose and Risk Summary 

Table 7-4 summarizes the expected probability of accidents of each severity category. 

Table 7-5 summarizes the population dose in person-rem for each severity category. 

Depending on severity and location of a transportation accident, population dose estimates 

range from 0 to 834 person-rem. For the severity categories considered, the expected 

number of accidents vary from 0.1 for the lease severe accident category to 3.OE-05 for the 

most severe accident category. ' 

A combination and sum of the expected accident incidence (Table 7-4) with the population 

dose (Table 7-5) yields a collective 11.7 person-rem. 
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TABLE 7-4 Expected Probability of Transportation Accidents 0 
Severitv Group Rural Suburban Urban 

1 

2 

3 

4 

5 

6 

7 

8 

1.3E-01 

8.2E-02 

4.8E-02 

1.lE-02 

3.2E-03 

1.8E-03 

1.5E-04 

3.1 E-05 

1.3E-01 

8.2E-02 

6.3E-02 

1.5E-02 

1.9E-03 

5.OE-04 

1.9E-05 

1.7E-06 

9.9E-01 

6.5E-01 

4.8E-02 

1.1E-02 

1.3E-03 

2.5E-04 

1.9E-05 

1.7E-06 
_______ ~~~ 

TABLE 7-5 Population Dose Resulting from Transportation Accidents (Person-rem) 

Severity Group Rural Suburban Urban 

1 0.0 0.0 0.0 a 
2 3.4E-02 4.OE + 00 1.3E + 01 

6.7E-02 

1.3E-01 

2.7E-01 

5.4E-0 1 

1.1E + 00 

8.OE + 00 

1.6E + 01 

3,2E + 01 

6.4E + 01 

1.3E + 02 

2.6E + 01 

5.2E + 01 

1.OE + 02 

2.1E + 02 

4.2E + 02 

8 2.1E + 00 2.6E + 02 8.3E + 02 

93 

000098 



1 

3 

3 

4 

5 

6 

7 

8 

9 

10 

11 

I 12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

23 

24 

8.0 DOSE AND RISK SUMMARY FOR REMEDIAL ACTIONS AND 

CONCURRENT OPERATIONS 

8.1 Introduction 

This Section summarizes the dose and risk associated with two alternative remedial actions 

and with related or concurrent parallel operations. These include: 

Remedial Actions 

Alternative 2 Decontaminate Only 

Alternative 3 Decontaminate and Dismantle 

Accident Scenario 

Safe Shutdown 

Central Storage Facility (Interim waste storage) 

Off-Site Transportation of Wastes 

Incident Free 

Accident Scenario 

Sections 4 through 7 of this report provide details of the assessment based upon the nature 

of contaminants described in Section 2 and the general methods presented in Section 3. 

Receptor groups at risk include: 

Occupational Exposure 

In-Plant Workers 

Other On-site Workers 

Waste Truck Drivers 

Public Exposure 

Off-site Residents adjacent to FEMP 
En-route Public for Waste Shipments 
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8.2 Summary of Dose and Risks from Proposed Remedial Actions 

8.2.1 Alternative 2 Decontaminate Only 

The dose presented for an in-plant worker represents the maximum that would be received 

by a worker for the four year project (1996-2000) while performing decontamination 

activities within a component. For Alternative 2, the resulting maximum EDE rate for the 

in-plant worker is about 2.1E-01 rem per year, with a project total of 8.5E-01 rem. The 

total associated risk for the four year project is about 4.OE-04, based on a dose-to-risk 

conversion factor of 4.8E-04 latent cancers per rem. 
I 

The risk to the other on-site worker, who is not directly involved in decontamination 

operations. is due to airborne releases from the plants undergoing decontamination. The 

conservative maximum annual EDE for this worker is estimated to be 7.6E-06 rem per year 

and 3.2E-05 rem for the project total. This value represents a conservative maximum 

exposure to an other on-site worker because it assumes a worker continuously present at the 

point of maximum exposure. CAP88-PC (EPA 1992) was used to calculate the EDE to the 

hypothetical nearest downwind other on-site worker and the EDE was converted to risk. 

The total risk associated with implementing Alternative 2 would be about 1.5E-08 to the 

individual other on-site worker. 

The maximum annual EDE from the project to an off-site resident would be about 1.8E-05 

rem per year. For the expected four year duration for Alternative 2, this corresponds to a 

project total EDE of 7.2E-05 rem. These values are greater than the estimated dose and 

risk to the on-site worker because a resident is assumed to be continually exposed (168 

hourslweek) at the point of maximum concentration versus 40 hours per week for the other 

on-site workers. 

The estimated risk (4.3E-08) to the maximally exposed off-site resident compares favorably 

to the EPA suggested risk range of 1.OE-04 to 1.OE-06 (one in ten thousand to one in one 

million). In comparison. the average natural background annual EDE to individuals in the 
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1 

2 

3 

4 

5 action. 

United States is 300 mrem per year (NCRP 1987). An individual exposure to natural 

radiation would total 1.2 rem EDE for the same four year period, with a risk of 7.2E-04. 

The exposure associated with the natural radiation background, unrelated to this action, 

presents a risk nearly 17,000 times greater than that associated with the decontamination 

6 Table 8-1 summarizes the dose and risk due to Alternative 2. 

TABLE 8-1 Summary of Individual Doses and Risks from Alternative 2 

AnnUal Project (4 Years) 

Receptor EDE (rem'yr) RisWyr EDE (rem) Risk 

In-Plant Worker 2.1E-01 1 .OE-04 S.5E-01 4.OE-04 

Other On-Site Worker 7.6E-06 3.6-09 3.OE-05 1.5E-08 

Off-Site Resident 1.8E-05 1.1E-08 7.2E-05 4.3E-08 

1 

2 

Exposures associated with this proposed action do not exceed DOE limits for occupational 0 
workers and result in a risk to the public lower than EPA risk guidance of 1.OE-06. 

3 

4 

5 

6 

For an individual in-plant worker. the annual radiological risk associated with the 

implementation of Alternative 2 would be less than about 10". The majority of that risk 

would be the result of external radiation exposure; inhalation of radiological contaminants 

would contribute only about 10-20% of the total radiological risk. 

7 

S 

9 

10 

1 1  

For other on-site workers and off-site residents, radiological risks associated with 

Alternative 2 would be largely due to inhalation, although some contribution would be 

provided by other pathways. Total annual radiological risks to individual receptors would 

be approximately 1 O-8. Total annual maximum individual radiological risk would be 3.6E- 

09 to the on-site worker and 1.1E-08 to the off-site resident. 

O O O l ( P 1  96 



c -  L - a. 54.41 

0'  
2 

3 

4' 

5 

6 

7 

8 

9 

8.2.2 Alternative 3 Decontaminate and Dismantle 

For calculation of exposures/risks, four major process ,ui ings were assumed to be 

decontaminated and dismantled simultaneously. This represents a reasonable maximum 

remediation effort for the 16 years of the project. 

The EDE and risk are calculated for direct exposure to, and airborne concentrations of, 

contaminated materials released during remediation. Dose is calculated for both inhalation 

and immersion of the "airborne cloud" and also for accumulation on the floor (external). 

Table 8-2 summarizes the estimated doses and risks to the maximally exposed individual on 

an annual basis and for the project duration (1 6 years). 

TABLE 8-2 Summary of Individual Doses and Risks from Alternative 3 

Annual Proiect ( 16 Years) 

Receptor EDE (redyr)  Risk/yr EDE (rem) Risk 

In-Plant Worker 2.1E-01 1 .OE-04 3.4E + 00 1.6E-03 

Other On-Site Worker 7.6E-06 3.6-09 1.2E-04 5.8E-08 

Off-Site Resident 1.8E-05 1.1E-08 2.9E-04 1.7E-07 

1 

2 

3 

4 

5 

6 

7 

8 

9 

For decontamination and dismantlement, the maximum individual EDE rate for the in-plant 

worker is estimated to be 2.1E-01 rem per year. This value is well below allowable 

occupational exposures (5 rem per year) mandated under DOE Order 5480.11 and 29 CFR 

19 10. Site health and safety procedures, administrative controls, and engineering controls 

would maintain exposures As Low As Reasonably Achievable (ALARA). With 
remediation beginning in 1996 and ending in 2012, the total individual in-plant worker 

EDE would be about 3.4E + 00 rem, while the associated risk would be about 1.6E-03. 

The risk to the other on-site worker who is not directly involved in the remedial action due 

to airborne releases from the plants undergoing decontamination and dismantlement. The 

conservative maximum individual annual EDE to the other on-site worker is estimated to be 

about 7.6E-06 rem per year with a project total of 1.2E-04 rem. It is unlikely that a person 

. .  . .  
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2 6. 

would be permanently located at the point of maximum exposure. The risk to such an 

individual would be 5.8E-08. 

The maximum annual EDE to the off-site individual from the decontamination and 

dismantlement action is estimated to be about 1.8E-05 rem per year. For the expected 16 

year duration for Alternative 3, the total dose would be about 2.9E-04 rem. These values 

are somewhat greater than the estimated dose and risk to the on-site worker because a 

resident is assumed to experience continuous exposure (168 hourdweek) compared to 40 

hours per week for the other on-site worker. In addition, the off-site resident is assumed to 

consume locally produced milk, meat, and vegetables. The total risk to the off-site resident 

would be 1.7E-07. 

The total individual risk for the project to the maximally exposed off-site resident compares 

favorably to the EPA suggested risk range of 1.OE-04 to 1.OE-06 (one in ten thousand to 

one in one million). In comparison, the average annual EDE to individuals in the United 

States is 300 mrem per year (NCW 1987). Exposure from natural radiation sources to an 

individual would total approximately 4.8 rem EDE for the same 16 year period, with an 
associated risk of 2.9E-03. The risk associated with the natural radiation background, 

unrelated to this action, roughly 17,000 times greater than that associated with the 16 year 

decontamination and dismantlement action. 

The total carcinogenic risks associated with the implementation of Alternative 3 for 16 

years would be approximately 3.OE-03 for an in-plant worker and about 3.5E-07 for an off- 

site resident. 

8.2.3 Accident Scenario 

An accident scenario was developed for the decontamination and dismantlement action. for 

this assessment, a plant representing the largest source of airborne emissions was selected 

based on estimated airborne concentrations and volume or size of the structure. This 

scenario assumes that there would be a complete loss of controls for a 24 hour period. 

000103 98 
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Ventilation would continue but all airborne activity would be released. It is estimated 

(Appendix D) that the maximally exposed on-site worker would be located 300 meters NE 
of the structure. The results of the assessment are presented in Table 8-3. 3 

TABLE 8-3 Decontaminate and Dismantle Accident Scenario 

Receutor Individual EDE (rem) Individual Risk 

Other On-Site Worker 

Off-Site Resident 

1.6E-06 

2.6E-06 

7.7E- 10 

1 ;6E-09 

1 8.3 Safe Shutdown 

2 

3 

These important, but unrelated activities carried on within all the plant complexes were 

assessed in Section 5 and are summarized in Table 8-4. 

TABLE 8-4 Summary of Individual Dose and Risk due to Safe Shutdown 

Recutors Individual EDE (rem) Individual Risk Collective Risk 
0 

In-Plant Worker 

On-Site Worker 

Off-Site Resident 

9.5E-01 

3.5E-05 

1.1 E-04 

4.6E-04 

1.7E-08 

6.6E-08 

5.8E-02 

2.7E-05 

1.1 E-04 

1 8.4 Central Storage Facility 

2 

3 

4 

5 

6 

Operation of'the CSF is required by a non-related requirement of interim storage of waste 

soils as part of an on-going Removal Action. A related consequence is the need for five of 

the six TSS for interim storage of wastes for the 16 year campain associated with 

Alternative 3. This assessment was provided in Section 6.0 The cumulative contribution 

for the two different kinds of waste streams is summarized in Table 8-5. 
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TABLE 8-5 Summary of Individual Dose and Risk due to CSF Releases 

Receptors Individual EDE Individual Collective EDE Collective 
(Rem) Risk (Person-Rem) Risk 

In-Plant Worker 3.4E + 00 1.6E-03 5.4 + 01 2.6E-02 

On-Site Worker 2.4E-04 .1.2E-07 3.9E-02 1.9E-05 

Off-Site Resident 6.3E-04 3.8E-07 3.OE-01 1.7E-04 

1 8.5 Off-Site Waste Transportation 

i 7 

3 detail. Table 8-6 summarizes those results. 

Section 7.0 described the use of the RADTRAN code and Appendix B provides greater 

TABLE 8-6 Summary of Dose and Risk due to Waste Transportation 

Receptors Individual EDE Individual Collective EDE Collective 
(Rem) Risk (Per son- Rem) Risk 

Truck Drivers 2.4E-02 9.6E-06 2.5E-01 1.2E-04 

En-Route Public 1.7E-06 1 .OE-09 5.05E-01 3 .OE-04 

1 8.6 Summary 

2 

3 

4 

5 as subtotals and totals. 

Table 8-7 summarizes radiological dose and associated risks for cancer incidence by 

receptor group. Individual doses and risks are for the maximally exposed individual. 

Cumulative doses and risks associated with Alternative 3 and Safe Shutdown are indicated 

6 

7 

8 

9 

Totals are not given for individuals for the occupational exposure groups in Table 8-7 

because the occupationally exposed workers would not be in more than one group; they 

have only one assigned occupational activity. Individual cumulative risk for an 

occupational worker would be the same as the risk for an individual in-plant worker 



participating in implementation of Alternative 3, namely 1.6E-03. total collective risk to all 

occupational workers (3 13) due to the two connected actions would be 3.5E-01. 

TABLE 8-7 Radiological Doses and Risks by Receptor Group 

Individual EDE Individual Collective 
Receptor Group (rem) Risk Risk 

Workers 

Alternative 3 : In-Plant Worker 

Truck Drivers 

CSF In-Plant Worker 

Safe Shutdown In-Plant Worker 

Subtotal (Occupational) 

Alternative 3: On-Site Worker 

CSF On-Site Worker 

Safe Shutdown On-Site Worker 

Subtotal (Other On-Site) 

TOTAL FOR WORKERS 

Public Exposures (Off-Site) , 

Alternative 3 : Decontaminate and 
Dismantle 

Off-Site Transportation 

. CSF 

Safe Shutdown 

TOTAL FOR PUBLIC 

3.4E + 00 1.6E-03 2.6E-01 

4.8E-02 2.3E-05 2.8E-04 

3.5E + 00 1.7E-03 2.7E-02 

9.5E-01 4.6E-04 5.8E-02 

NIA NIA 3.5E-0 1 

1.2E-04 5.8E-08 2.7E-05 

2.4E-04 

3.5E-05 

4.OE-04 

NIA 

2.9E-04 

1.7E-06 

6.3E-04 

1.1E-04 

1 .OE-03 

1.2E-07 

1.7E-08 

2.OE-0 5 

2.E-05 

2.OE-07 7.4E-05 

NIA 3.5E-01 

1.7E-07 3 .OE-04 

1 .OE-9 3 .OE-04 

3.8E-07 1.8E-04 

6.6E-08 1.1E-04 

6.2E-07 8.9E-04 
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14 
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Exposures resulting in the risks presented above are less than the DOE-FEMP 

administrative control level of 1,000 millirems per year and the limit for occupational 

workers of 5,000 millirems per year specified in DOE Order 5480.1 1. Therefore, the risks 

to the most exposed occupational worker from the proposed action are acceptable. 

For the individual other on-site worker, cumulative results are presented in Table 8-7. 

However, these results are conservative because the individual maximally exposed worker 

cannot be directly downwind from all activities (Alternative 3, Safe Shutdown, and CSF) at 

the location of maximum exposure. Collective risk for other on-site workers is based on 

expected worker locations within the FEMP. The individual risk is estimated to be 2.OE-07 

and collective risk is estimated to be 7.4E-05 for the other on-site workers. The collective 

risk is estimated from exposures to 1,600 workers located throughout the FEMP. As with 
the in-plant workers, the dose to the other on-site workers are estimated to be well below 

the DOE administrative limit of 1,000 millirems per year and the limit for occupational 

workers of 5,000 millirems per year specified in DOE Order 5480.1 1. Therefore, the risks 

to the other on-site worker from the proposed action are acceptable. 

The totals for public exposures in Table 8-7 provide the cumulative results for the 

connected actions for both individual and collective effects. The individual risk to the off- 

site resident is 6.2E-07 and the collective risk is 8.9E-04. The collective risk is estimated 

from exposures to approximately 23,000 residents within a five mile radius around the 

FEMP. The risks suggested risk range of 1.OE-04 to 1.OE-06 (one in ten thousand to one in 

one million). Because the estimated risk to the maximally exposed off-site resident is less 

than the EPA risk range, the risks from the proposed action are acceptable. 

.... 
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B . l  INTRODUCTION 

Analysis of the potential impacts in the Operable Unit 3 Proposed Plan requires consideration 

of the radiation dose and risk to truck drivers and to the en-route public due to shipment of 

radioactive wastes for disposal to the Nevada Test Site (NTS) (DOE, 1993). Alternatives 1 

and 2 would not require waste transportation. Only Alternative 3 would involve waste 

shipments. 

This analysis includes two distinct cases; the incident-free transport and the transportation 

incident scenario. Two different waste configurations were used with the models contained 

within the Sandia National Laboratories (SNL) RADTRAN 4 Computer Code (SNL 1986 and 

1992). The RADTRAN 4 model is described in Section B.2. 

Section B.3 is concerned with the incident-free transportation risk assessments. An overview 

of the technical approach is provided in section B.3.1. 

summarized in section B.3.2. The results of the incident-free risk assessment are summarized 

in section B.3.2. A discussion of the results are provided in section B.3.3. 

The model parameters used are 

0 
Section B.4 summarizes the transportation incident risk assessment. An overview of the 

technical approach is provided in section B.4.1. 

The results of the transportation accident risk assessment are provided in and discussed in 

section B.4.3. 

Section B.4.2 discusses the parameters used. 

RADTRAN 4 output data files are provided in hard-copy form .in Section B.6. Section B.6.1 

contains the accident-free risk assessment output data file. Section B.6.2 contains the 

transportation accident risk assessment output data file. 

. . .  
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B.2 DESCRIPTION OF THE RADTRAN 4 MODEL 

B.2.1 General Description 

Sandia National Laboratories (SNL) developed the original RADTRAN code in 1977 in 

conjunction with the preparation of NUREG-0 170, "Final Environmental Statement on the 

Transportation of Radioactive Material by Air and Other Modes" (NRC, 1977; SNL, 1977). 

The analytical capabilities of the code were expanded and refined in subsequent versions 

(SNL, 1986; SNL, 1982). RADTRAN 4 may be used to evaluate radiological consequences 

of incident-free transportation, as well as the radiological risks from vehicular accidents 

occurring during transportation. 

The current version; RADTRAN 4, contains advances in the handling of route-related data 

and in the treatment of multiple-isotope materials. "Route-specific" analysis may be 

performed. That is, a route may be subdivided into segments with independent, user-assigned 

values for population density and other route-specific parameters. Regarding complex 

materials, RADTRAN 4 can model the risk from transportation of multiple-isotope materials, 

and permits direct analysis of multiple-package shipments made up of dissimilar packages. 

RADTRAN 4 also calculates and prints the maximum individual in-transit dose. An internal 

library of isotope-related parameter values may be used. The library contains data on over 50 

radioisotopes. The user may independently define isotopes instead of, or in addition to, using 

the internal library. Also, an accident-severity category matrix allows up to 20 accident- 

severity categories to be analyzed in a single execution of the program. 

RADTRAN 4 contains idealized mathematical models of transportation environments; these 

models have been formulated to yield conservative estimates of integrated population dose in 

a way that can be supported by available data. These models neglect features of the 

transportation environment that either do not affect the calculated risk values or reduce 

conservatism (e.g., the "divider width" of divided highways). 

/ 
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Wherever possible. RADTRAN combines calculational simplicity with general conservatism. 

For example, all routes are modeled as infinitely long straight lines without grade or curves. 

In addition to ease of calculation for the integrated incident-free off-link and on-link doses for 

a moving source, this model also yields conservative estimates of these doses that are 

applicable to all routes by all modes. Similarly, all highway and rail links are treated as 

being one lane (or track) wide for the purpose of estimating distances to off-line population 

but as being two lanes wide (one lane or track in each direction) for the purpose of estimating 

on-ling doses (overtaking vehicles on highways are treated separately). The first treatment is 

used to achieve symmetry (and, hence, mathematical simplicity) around the lane in which the 

shipment is located, and is also slightly conservative. The second treatment (one lane each 

direction) yields the smallest perpendicular distance to the traffic traveling in the opposite 

direction, which again is conservative. The latter treatment also means that all rail routes are 

modeled as having double tracks, which is another small increment of conservatism for rail 

mode calculations. 

In RADTRAN 4, the required degree of specificity may be introduced 

user-defined parameter values. Since the vast majority of RADTRAN 0 into an analysis with 

parameters are user- 

definable, the user has a great deal of flexibility in performing analyses. 

The code is written in VAX FORTRAN 77 and is operational on DEC VAX computers at 

SNL in Albuquerque, New Mexico. Data files are used for input and output. The results of 

RADTRAN 4 analyses may be viewed via text editing or word processing software. If 

desired, a paper copy of input or output data files may be produced. 

The most current comprehensive description of the RADTRAN computer code is found in 

SNL (1986). Since 1986, a number of changes have been made to the code which do not 

greatly affect the RADTRAN model itself. However, user documents which describe the 

current (RADTRAN 4). model in detail have not been released. The following is a detailed 

description of the RADTRAN 3 model (SNL, 1986). 
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Figure B.l is a basic block diagram of the methodology used in RADTRAN. Two principal 

computations are performed by the code: computation of the radiological impact due to 

"incident-free'' transport of radioactive material and computation of the radiological impact of 

vehicular accidents involving radioactive material shipments. This figure illustrates the 

informational flow through the various submodels. Each of these submodels will be 

addressed briefly in this section. 

Transportation of radioactive material involves a wide range of events with potential for 

environmental impact. To identify the source of these impacts, the sequence of events in a 

radioactive material shipment must be considered. For most shipments, the material is first 

placed in a package meeting regulatory standards; the radiation exposure levels are noted; the 

package is labeled with the appropriate information; a shipping bill is prepared; and the 

package is put aside until the transportation process actually begins. 

The transportation process itself may take one of several forms. The package might be 

loaded onto a vehicle that will take it directly to its ultimate destination. However, many 

packages undergo a secondary mode of transport (e.g., a truck or light-duty vehicle) which 

takes the package to a terminal where it is assigned to a primary vehicle along with other 

parcels. The primary vehicle takes it to a terminal near its destination where it is again 

loaded onto a secondary-mode vehicle that takes it to its ultimate destination. In other 

instances packages are picked up by or delivered to a freight forwarder and are consolidated 

with other packages into a single shipment which may consist of a large number of packages 

obtained from a number of different shippers. When the consolidated shipment arrives at its 

destination, it is separated into individual packages that are delivered to the consignees. 

Handling and warehouse storage can also occur during and between these transport phases as 

0 

- 

the package changes modes or carriers. 
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RADTRAN allows the user to develop a shipment scenario specified by parameters such as 

material, material dispersion category, curie content, Transport Index (TI), type of packaging, 

number of shipments, distance per shipment, and shipment mode. 

B.2.2 Overview of Calculational Models 

Material Model 

Parameters that define the materials are, for each isotope, the total number of curies per 

package, average total photon energy per disintegration, the rate at which released material is 

deposited on the ground, cloudshine dose factors, the physical character of the waste, half-life, 

and measures of the radiotoxicity of the dispersed material. 

TransDortation Model 

0 The transportation model used in RADTRAN is subdivided into three sections: an accident 

rate section, a traffic pattern section, and a shipment information section. The accident rate 

section contains the accident rate for each mode of transportation, subdivided according to the 

severity of the accident and the population zone in which the accident is assumed to occur. 

The traffic pattern section contains the fraction of travel which occurs on various types of 

roads, in various population zones, and under rush-hour and normal traffic conditions. The 

shipment information section contains the number of passengers or crew per vehicle, crew 

separation distances for various vehicle types, handling and storage times, and duration and 

number of stops. 

0 

Accident Severitv and Package Release Model 

The accident severity model divides ail accidents into eight severity categories keyed to 

damaging environments and hence to the fractional release of material from packagings. 

These categories may be related to the fire, crush, impact, and puncture forces encountered in 

an accident (NRC, 1977) or they may be related to other abnormal environments of specific 

- 6 -  
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interest to the user. The package release model combines the user-specified release fraction 

with the fraction of material which becomes airborne and the fraction of the airborne material 

which is of respirable size. These results are combined with the accident rates for each 

severity category, the distance per shipment, and the number of shipments to determine the 

expected release of each material in each population zone. 

1Meteorolodcal DisDersion Model 

The diffusion of the cloud of aerosolized debris released at the site of an accident must be 

described in order to estimate consequences. Basic dispersion calculations are not performed 

within RADTRAN. Instead, the user can provide either 1) a table of averaged time- 

integrated concentration (TIC) values with corresponding areas within which the TIC values 

are exceeded; or 2) fractional occurrences of Pasquill stability categories A through F in 

which case weighted averages of tabulated concentration and area values from within the code 

will be used. 

0 PoDulation Distribution Model 

The population distribution model specifies population densities in three population zones: 

rural, suburban, and urban. In addition, numbers of exposed persons in certain specific areas 

such as pedestrian walkways, warehouses, and air terminals are specified. 

Health Effects Model 

The health effects model for RADTRAN is based on the model developed in the Reactor 

Safety Study (NRC, 1975). Neutron effects are included only in the incident-free and 

inhalation models. The radiotoxicity of the materials shipped is analyzed in terms of potential 

for producing early fatalities, early morbidities, latent cancer fatalities, and genetic effects. 

The analysis is based on the computed dose received by various organs. 
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B.2.3 iModel Outputs 

The output of RADTRAN is expressed in terms of expected numbers of acute health effects, 

and economic consequences from transportation accidents, and dose in person-rem from 

incident-free transportation. Individual shipments are also analyzed for their contribution to 

the total radiological impact. The code has been developed in a generalized format to permit 

a wide variety of potential applications including analysis of existing radioactive material 

transport schemes; analysis of proposed alternative schemes such as mode shifts, packaging 

changes, or routing changes; and detailed consideration of transportation issues within specific 

sectors of the radioactive material industry. 

Economic Model 

Accidents involving radioactive material can result in economic impacts for surveillance, 

cleanup, evacuation, and long-term land-use denial. The calculational scheme that evaluates 

those costs does not include estimates of costs associated with litigation, government actions, 

and indirect corporate losses. Costs can vary substantially depending on geographic location, 

property type, and decontamination techniques used. The RADTRAN model is intended to 
0 

provide order-of-magnitude economic estimates rather than absolute site-specific economic 

impacts. 

RadioloFical ImDact Due to Accidents 

The radiological impact from vehicular accidents is evaluated in terms of level of 

consequence, probability of occurrence, and level of risk. Radiological consequences which 

are evaluated include health effects and economic impacts and are shown in Figure B.2. Risk 

is evaluated in terms of the expected value of each of these effects. The expected value of 

risk is computed by forming the product of the probability of each specific accident and its 

particular level of consequence and summing these products over all accidents. 

a- 
- 8 -  
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Figure B.2. Components of Radiological Impact Evaluated by RADTRAN 
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Radiological ImDact Due to Incident-Free TransDortation 

The accumulation of relatively small doses which result from exposure of population to the 

radiation emitted by radioactive material packages is computed in RADTRAN by using the 

population distribution model, and the transportation model to compute the dose (in person- 

rem) to a set of specific population subgroups. Because of the low allowable external dose 

levels imposed by current regulations, no early effects are possible from incident-free 

transport. 

B.2.4 Concepts and Computational Aspects of Incident-Free Risk Assessmenta 

Despite requirements designed to minimize exposures, whenever radioactive material is 

transported, members of the general population are exposed to extremely small doses of 

external penetrating radiation from X-rays, gamma ray< and/or neutrons. In RADTRAN the 

general population is divided into eight exposable population subgroups: crewmen, 

passengers, cargo handlers, flight attendants, warehouse personnel, people in the vicinity of 

the transporting vehicle while it is stopped, people surrounding the transport link on which 

the vehicle is moving, and people sharing the transport link with the vehicle. Total doses (in 

person-rem) are computed for each of these subgroups shown in Figure B.2. 

0 

a. The equations used in this section conform to the numbering sequence used in SNL 
(1 986). 
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54-41  
PoDulation Dose Formulation a 
The basic formulation for the assessment of population dose is based upon an expression for 

total body dose-rate as a function of distance from a point source of external penetrating 

radiation. This point source approximation is acceptable for distances between the receptor 

and the source of more than twice the largest physical dimension of the source. At smaller 

distances, the point source approximation overpredicts exposure and, therefore, provides a 

conservative estimate of dose. The point source dose-rate formula is given by: 

where 

s, = 

r =  

s =  - 
4x8 

P =  
exp (-pr) = 

B (CLr) = 

C =  

particle or photon emission rate, 

distance from source, 

flux at distance r, 

attenuation coefficient for surrounding medium, 

attenuation in medium at distance r, 

Berger dose-rate buildup factor for surrounding medium at distance r, 

flux-to-dose-rate conversion factor. 

For all values of p and r the product exp (-pr) 0 B (pr) is I 1.0. Thus, dose rate can be 

expressed conservatively as: 

where 

Using the regulatory definition of transport index as the dose-rate in mrem/hr at a distance of 

Im from the surface of the package, the factor K in Equation (2) can be rewritten as KO TI. 

Since the specification of TI incorporates the factors listed for K, the new parameter, KO, 

000126 11 - 
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> .  

'4 
v.  

serves to extrapolate the dose-rate value given at lm from the package 

actual center of the package such that a true point source configuration 

KO = ( 1 + 0.5 d,)' 

where d, is conservatively taken to be the largest package dimension. 

5 4.4T 
surface back to the 

is achieved. Thus, 

(3) 

This formulation for KO overestimates close-in exposures when used for large packages. A 

more accurate representation of exposure for these large packages (d, > 4m) that is based 

upon comparison with shielding calculations is given by: 

KO = (1 + 0.5 d,)'.' (4) 

For these packages, d, is replaced with a value for effective dimension, de, that was developed 

from plots of shielding calculation dose rates vs distances for numerous package sizes and 

energy levels. The effective dimension is calculated according to: 

de = 2 (1  + 0.5 d,)% - 1.8 (5) 0 
For exposure distances less than twice the largest package dimension, a line source 

approximation is applied. The dose is proportional to l/r rather than 1/8 and KO is replaced 

by Ki and computed as ( 1  + 0.5 dp) rather than (1 + 0.5 dJ2. 

Remlatorv Criteria 

Title 49 of the Code of Federal Regulations (Sections 173 thru 177) specifies three criteria 

which require that a package or shipment be transported in a vehicle exclusively devoted to 

that shipment. This type of vehicle is known as an exclusive use vehicle. The criteria are: 

(1) The 

(2) The 

or 

package transport index (TI) is greater than 10 (49 CFR 173.441b); 

surface dose rate of the package is greater than 200 mrem/hr (49 CFR 173.441b); 0 
- 12 - 
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(3 )  The total of all TI'S for the packages in the shipment would be greater than 50 (49 

CFR Sections 174.7(b), 175.702(b), 176.704, 177.842). 

In addition, there are four quantitative criteria which must be satisfied for all exclusive-use 

shipments (except by air): 

(1) The surface dose-rate of a package which is not handled during transport in a closed 

vehicle cannot exceed 1000 mrem/hr (49 CFR 173.441b(l)); 

The dose-rate at any surface of the vehicle cannot exceed 200 mredhr  (49 CFR 

173.441b(2)); 

The dose-rate at a distance of 2 m (6.6 feet) from any edge of the transporting vehicle 

must be less than 10 mredhr  (49 CFR 393.441b(3)); and 

The dose-rate in the crew compartment must be less than 2 mredhr  (49 CFR 

173.441b(2)). 

(2) 

(3 )  

(4) 

A check sequence is included in RADTRAN to assure regulatory compliance. Initially, the 

package transport index is checked to be less than or equal to the statutory limit of 10. If this 0 
test is satisfied, the surface dose-rate is checked to be less than or equal to 200 mrem/hr by 

extrapolating the dose-rate at 1 m (given by TI) to the package surface, using the 

characteristic package dimension and assuming line-source behavior from the package surface 

to the specified distance. If that test is satisfied. the total shipment (PPS) and the transport 

index (TI), is checked to be less than or equal to 50. Assuming that all three of these tests 

are satisfied, the shipment meets the nonexclusive-use requirements and the calculation 

proceeds using the specified input data. Satisfying these tests does not mean that the 

shipment cannot be exclusive-use, only that it is not reauired to be. However, if a particular 

shipment is designated as exclusive-use for some reason other than specified here, it must 

comply with exclusive-use requirements so the other regulatory checks are made as described 

below. 

If any of the nonexclusive-use criteria are not met for shipments by modes other than air, the 

shipment must be designated as exclusive-use. If the user has not designated the shipment as 

- 13 - 
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exclusive-use, the code assumes that the exclusive-use criteria also apply and prints a message 

that informs the code user that a potential inconsistency exists. . 

The surface dose-rate check of 1000 mredhr is not performed since RADTRAN has no 

means to differentiate between open and closed vehicles. The code then checks that the dose- 

rate at the outer surface of the vehicle is 1200 mrem/hr by assuming that the surfaces of all 

packages are coincident with the surface of the vehicle and that the vehicle looks like a line 

source at distances closer than 1 m. Under these assumptions, the surface dose-rate is given 

by: 

1 + 0.5 D, 
PPS TI 

0.5 D, 

where 

PPS = packages per shipment 

If the regulatory limit (200 mremh) is exceeded, then PPS TI is reset to: 

0.5 dp 
1 + 0.5 dp 200 ( 1 

(7) 0 
for all subsequent calculations and a warning message is printed. 

Once the surface dose-rate check is satisfied, the code proceeds to check that the dose-rate in 

the crew compartment is less than or equal to the regulatory level of 2 mrem/hr by 

evaluating: 

Q IC,, PPS TI 
d2 

where 

d = source-to-crew distance (m), 

Q = units conversion factor, 

KO = package coefficient (m’). 

~ ~~ 
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If the dose-rate satisfies the check, the actual value is used for calculating dose to crewmen. 

If the dose-rate is >2 mredhr, the value is reset to 2 m r e d h r  for the calculation of dose to 

crewmen in anticipation that measures will have been taken to ensure regulatory compliance; 

and a message is printed for the user. If this test is satisfied, the code checks the dose-rate at 

2 m from the edge of the vehicle by assuming that all packages are at the edge of the vehicle 

and that the loaded vehicle is a line source configuration. This dose-rate is given by: 

PPS . n ( + OS . d”, 2 + 0.5 d,, 
(9) 

If the dose-rate exceeds 10 mrem/hr, the value of PPS TI is set equal to: 

2 + 0.5 9 dp 
1 + 0.5 dp 10 ( 1 

for the calculation of dose to persons along the transport link, dose to persons sharing the 

transport link, and dose while stopped in anticipation of regulatory compliance; and an 

informational message is printed. PPS 0 TI is used directly if the dose-rate at 2 m is less 

than or equal to the regulatory level. These procedures are generally conservative since self- 

shielding of packages is frequently significant. 0 
Dose to Person Surrounding the TransDort Link While the ShiDment is Moving 

. An expression for the total integrated dose absorbed by an individual at a perpendicular 

distance, x, from the path of a radioactive shipment with dose-rate factor K, passing at 

velocity V has been derived from Equation (2) (AEC, 1972) and is given by: 

D(x) = Z(x) 
V 
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where 

V = shipment speed ( d s ) ,  

x = perpendicular distance of individual from shipment path (m). 

In order to obtain the integrated population dose along a unit length path (Figure B.3), 

Equation (IO) is multiplied by the population density and integrated over strips of width d on 

both sides of the roadway: 

D = 2 Q PD I d  D(x)dx 
min 

where 

D = 

PD = population density (persons/km2), 

integrated population dose per kilometer of strip, 

min = minimum distance from population to shipment centerline (m), 

d = maximum distance perpendicular to shipment route over which exposure is 

evaluated (m), 

Q = units conversion factor. 

By inserting the expression for D(x) (Equation 10) into Equation (12) and integrating, 

Equation (12) can be rewritten as: 

2 . x . P D . K  d 
D =  W-PQ V min 

(13) 

Any trip made by a radioactive material package will involve potential exposures to different 

population density zones. Three such zones, designated rural, suburban, and urban, are used. 

The total population dose resulting from the trip is made up of the sum of the doses received 

~ 

in each of these zones. The use of the integrated dose expression in Equation (13) results in 

the following expression: 

- 16 - 
000126 



1 krn 
+ 1 " 

I I 
I I 

v i /  l i i  / /  - i i  / / / i . / / / / / !  
I I 

A 
d 

min d p e d  

A 

Zone of potential 
/ / / / / / / / / // / / / / / / / / // pedestrian exposure 

I I (no shielding) 
I I 
I 

\ Zone of exposure 
for other 

individuals  

rn in  - minimum dis tance for p e d e s t r i a n  e x p o s u r e  

d p e a  - maxlmum distance fo r  p e d e s t r l a n  e x p o s u r e  a n d / o r  minimum d i s t a n c e  
for e x p o s u r e  to  potentially sh ie lded  p e r s o n s  

d - rnaxlmum d i s t a n c e  fo r  e x p o s u r e  t o  o t h e r  p e r s o n s  
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PD, 
D = 2 x Q FMPS k 

Vr min, 
D = 2 * n * Q * F M P S * k r f ‘  

+ (14) 

where 

U =  subscript denoting urban travel, 

S =  subscript denoting suburban travel, 

r =  subscript denoting rural travel, 

f =  

FMPS = 

Q =  units conversion factor. 

fraction of travel in a particular zone, 

total distance traveled by shipment (kilometers), 

Each population zone will have a unique population distribution and shielding configuration. 

In rural areas the amount of shielding is expected to be minima1 so the dose is assumed to be 

absorbed in a uniformly distributed, unshielded population located in a strip from the edge of 

the roadway (min, assumed to be 30 m based on previous assessments (AEC, 1972 and NRC, 
1977)) to a distance of 800 m (at 800 m the dose-rate has been reduced by a factor of more 

than lo6 over its value at 30 m by a combination of geometric factors and air attenuation, 

even considering possible buildup effects). In addition, a 3 meter wide strip of pedestrians is 

assumed to be alongside the road from 27 to 30 m. 

~ 

Two options are offered for suburban areas. If the analyst chooses option 1, the assumption 

is made that suburban structures offer no shielding; and the dose is received in a uniformly 

distributed population from min, (30 m) to d (800 m) with pedestrians distributed as in the 

rural situation. If the analyst chooses option 2, the model allows for shielding to occur. In 

this case, the population is assumed to be uniformly distributed in a homogeneous medium 

with an effective attenuation factor and buildup factor based on the composite of air and the 

- 18 - 
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shielding medium. If Equations ( 1 )  and (IO) are used to compare the unshielded and fully 

shielded cases, a ratio can be formed which represents the integrated exposure reduction 

which results from consideration of shielding effects. This ratio is given by: 

where p, and B, are the attenuation and buildup factors, respectively, for the composite 

medium. Values of this ratio for urban and suburban zones (RU and RS) under the assumed 

construction techniques and housing densities are given in Table B. 1. These values are 

inserted by the analyst in the RADTRAN input data. ‘(Note that if no shielding is being 

considered, RS should be set to 1.0.) 

Three possible shielding scenarios exist for the urban area. In input option 1 (IUOPTl), it is 

assumed that urban construction is basically heavy masonry, concrete, steel, or some other 

effective shielding material. Under these assumptions, a recent study has shown that virtually 

all the dose in the strip alongside the roadway is accumulated by pedestrians (SNL, 1980). 

This reference also suggests values for min, and 4, for sidewalks along city streets of 5 m 

and 8 m. The number of exposed pedestrians is computed by introducing a factor RPD which 

is the ratio of pedestrians per square kilometer of sidewalk to population per square kilometer 

of overall area. A value for RPD of 6 is suggested (SNL, 1980). 

A somewhat more conservative approach, option 2 (IUOPT2), is to use an effective shielding 

argument similar to that used for the suburban analysis. 

,. . .. 
!’. . . . . .  
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TABLE B . l  

Evaluation of Shielding Effectiveness* 

Population Zone Construction As sump t ions Value of Ratio,R 

Urban 

Suburban 

- Concrete block walls 

- 1 foot wall thickness 

- 1 central wall per building 

- Buildings are contiguous 

- Streets are 60 feet wide 

- Blocks are 200 feet long 

- Wood frame construction 

- 45 feet square buildings 

- 100 feet between buildings 

- 6" thick walls 

0.018 

0.87 

*The values for p,,, and B, in Equation (15) are computed by weighing the values for p and 

B in each medium by the fraction of distance perpendicular to the transport link which is 

occupied by that material. 

- 20 - 
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In this case, the result has two parts - one for the unshielded pedestrians from 5 m to 8 m and 

one for the shielded population from 8 m to 800 m, using the urban shielding factor from 

Table B. 1. 

Option 3 (IUOPT3), which ignores the shielding entirely and assumes a uniform distribution 

of people from 5 m to 800 m, is generally the most conservative approach. 

Many long-haul truck shipments will use freeways or 4-lane roads, even in urban areas. For 

travel associated with this roadway type min, is assumed to be 30 m and 4, is assumed to be 

800 m. In addition, it is assumed thatthere are no pedestrians on these larger arterials. 

Table B.2 summarizes the values of min, d, and the evaluated logarithm of their ratio for the 

calculation. 

TABLE B.2 
Summary of Off-Link Distance Assumptions 
(Values for Use in Equations (16) and (17)) 

Population Zone min (m) d (m) 
0 

Rural - pedestrians 

Rural - all others 

Suburban - pedestrians 

Suburban - all others 

27 30 0.1 

30 800 3.28 

27 30 

30 800 

0.1 

3.28 

Urban - pedestrians 5 8 0.47 

Urban - shielded persons 8 . 800 4.6 1 

Urban - no shielding 5 800 5.08 
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The incident-free population dose for persons along the transport link is obtained by 

multiplying Equation (14) by PPS SPY, where PPS = number of packages per shipment by 

this shipment mode and SPY = number of shipments by this shipment mode. Since TI is 

defined in units of mredhr  the unit conversion factor, Q, takes on a value of 2.8 E-10 

rem-km-k and is redesignated Q,. 
mrem-m-sec 

When these options are all factored into Equation (14) the following general equation results: 

3.28 f ,  PD, 0.1 .f, PD, RPD + 
Vr 

D = 2 x Q1 PPS SPY FMPS K 

+ 

fu PD, 

V" 
+ 

@tion 1 
2 

Option 3 

(0.47 fa RU) 
fa (0.47 RPD + 4.61 RU) 

5.08 fa + 3.28 (1 -fa) 
+ (1 -fa) 3.28 RU 

where f,, = the fraction of urban travel on city streets. 

Dose to PoDulation During ShiDment StoDs 

If the transport vehicle stops for crew change, meals, or refueling, persons in the vicinity of 

the stop point will be exposed. 

A simple model which uses an average exposure distance and number of exposed persons is 

used for all transport modes except rail. Stop time doses are computed as follows: 

D = Q r  KO TI T,, P,, / r,: 
~ 
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where 

D =  integrated population dose (person-rem), 

Tst = 

pst = 

rst = 

Q2 = 0.001 redmrem. 

average stop time (hr), 

average number of exposed persons, 

average exposure distance at stops (m), 

A minimum stop time per trip, Tmi,, is required in the input data for each transport mode. T, 
is estimated using a two-part relationship: 

I Tmin i f (T ,  + T F *  FMPS) < Tmia 
T. = [ (Ta + TF FMPS) otherwise 

where 

T, = minimum stop time for the stop time relationship (hr), 

TF = stop time per unit distance of shipment (hr/km), 

Tmin = minimum stop time allowed (hr). 

Dose to Warehouse Personnel While Package is in Storage 

The dose to warehouse personnel is computed using an average exposure distance and an 

average number of exposed persons. The result is: 

1 D = Q2 KO TI PPS SPY Tmr *Pmr - 
2 



where 

D = 

T,,,, = total storage time per shipment (hr), 

P,,,, = number of persons in warehouse area, 

rstor = average exposure distance (m). 

integrated population exposure (person-rem), 

Dose to Crewmen - Highwav Mode 

The dose to crewmen is obtained analogously to Equation (19) using a specific source-tocrew 

characteristic distance for each transport mode: 

f r  + fs f u  (22) 
J'r J' J'u 

1 D = Q4 . KO . Tl . PPS . SPY . Nc - FMPS - - + -1 
r2 

where 

D = integrated crew exposure (person-rem), 

N, = 
r = 

number of crewmen aboard, 

average distance to crew compartment (m), 

Q4 = units conversion 'factor = 2.8 x E-4 rem - -  m hr 
mrem-km-sec 

subscripts r, s, u = rural, suburban, urban. 

- f , + L  - + -1 fu = duration of shipment 
J'r J's Vu 

Dose to crew of exclusive-use shipments is differentiated from dose to crew of nonexclusive 

use shipments to allow "occupational exposure" evaluations. 

Dose to Handlers 

In order to evaluate dose to handlers, three basic situations are considered: small packages 

readily manipulated by a single person, intermediate sized packages such as drums or crates 

which require equipment such as forklifts to move, and large packages such as casks which 

- 24 * 
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require rigging equipment and cranes to move. The decision on which situation applies to a 

given package is made internally to the code by comparing the actual package size, c$, with 

threshold values denoted PKGSZl and PKGSZ2. As was the case for dose to crew, dose to 

handlers of exclusive-use shipments is differentiated from dose to handlers of nonexclusive- 

use shipments to allow "occupational exposures" to be evaluated by the user. 

Small Packaees  (d  I P K G S Z l ) .  

A previous study concluded that the average dose received by workers handling small 

packages of radioactive material was 2.5 E-4 rem/handling/TI where a "handling" includes all 

the operations concerned with transfer from one mode or location to another, regardless of the 

actual number of physical movements involved (NRC, 1977). Thus, the absorbed dose to 

handlers of small packages is given by: 

D,, = N, PPS SPY 0 TI k, 

D, = integrated handler exposure, 

N, = average number of handlings per shipment, 

k, = handling-to-dose conversion factor for small packages 

(2.5 E-4 rem/handling/TI). 

Intermediate-Sized Packapes (PKGSZ1 I d- I PKGSZ2) .  

Intermediate-sized packages such as 55-gallon drums or large crates may require several 

people working simultaneously plus the use of heavy equipment such as forklifts or power 

assists. In this situation the model is similar to that used for crewmen in that same number of 

persons is considered to be at a fixed distance from the package for same period of time: 

Q2 KO TI PPS 
D, = TH NH PPH SPY 

d; 

a -  
. '  * .  , 

I . . . . .  
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Dint = integrated handler exposure, 

d, = 

TH = 
PPH = number of persons exposed per handling. 

average source-to-handler distance (m), 

length to exposure (hrh 

Values for d,, PPH, and TH are provided in Table B.3. If these values need to be modified, 

the user must change data statements within the code. 

Large Packages (d- > PKGSZZ) 

In the case of very large packages such as irradiated fuel or irradiator source casks, the only 

"handling" consists of attaching or detaching rigging equipment to the cask and a formulation 

similar to Equation (31) is used. In this case, however, the assumption of a point-source 

geometry is inappropriate and a line source geometry is used: 

I 

K 77 PPS 
TH PPH NH SPY 0 

Dig = Q2 4 

Values for d,, T H Y  and PPH are given in Table B.3. 
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TABLE B.3  

Handler Parameter Values 

--- --- --- Small 

Intermediate 1 0.25 2 

Large 1 0.5 5 

Dose to Persons in Vehicles Sharinp the TransDort Link with the Shipment  - Hiyhway 

Modes 

A schematic of this submodel is shown in Figure B.4. From this diagram it is obvious that 

this dose consists of two separate components: dose to persons traveling in the opposite 

direction to the shipment and dose to persons traveling in the same direction as the shipment. e 
Dose to Persons Traveling in the OpDosite Direction 

This model assumes that both the shipment and the oncoming traffic are moving at speed V. 

The dose received by an individual in an oncoming vehicle may be computed by assuming 

that the oncoming vehicle is at rest and is passed by the shipping vehicle at a speed of 2 V. 

Thus, using the expression for a moving source from Equation (lo), the integrated dose 

received by a person in an oncoming vehicle passing the truck at a minimum perpendicular 

distance x is: 
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The linear density of oncoming vehicles per meter is given by N ' N  where N' is the one-way 

traffic count (average number of vehicles per unit time in all lanes). If PPV is the average 

number of persons per vehicle. the number of persons traveling in the opposite direction to 

the shipment who are exposed per distance traveled by the truck is 2. N' PPVN. 

The average population dose to persons traveling in the opposite direction to the shipment is 

given by the product of these terms and FMPS. Multiplication of this number by shipments 

(SPY) results in the population dose for the given shipment scenario: 

D=-.-.- IC 2N' PPV FMPS SPY v 2 x  v 
x N' 
x v2 

= K - - PPV FMPS SPY' 
(35) 

Traffic count, N', and average velocity, V, depend upon the population zone and the time of 

day (Le., rush hour or normal traffic); x depends on roadway type. The assumptions made for 

the various values for x are tabulated below: 0 
TvDe of Road 

Freeway 

Two-Lane Highway 

City Street 

xo 
15 

3 

3 

*This formulation corrects a long-standing error in the analysis of dose to oncoming vehicles 

(SNL, 1986). 8 
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In addition, the following assumptions are made: 

1 .  

2. 

3.  

Rural and suburban truck travel may be on either 2-lane roads or freeways; 

Traffic count doubles during the commuter rush periods; 

The average speeds in suburban and urban zones decrease by a factor of 2 during- 

commuter rush periods; 

Urban travel may be on freeways or city streets; 

Urban travel on freeways is at half the average suburban velocity during rush hours; 

and 

Urban travel on freeways during nonrush hours is at the average rural velocity. 

4. 

5 .  

6. 

When the specific values for x for each roadway type are incorporated as numerical constants, 

the following expression is obtained for the population dose to persons traveling in a direction 

opposite to the shipment: 

Do, = Qs KO TI PPS SPY FMPS PPV F 



where a 

f* uv,/ + (1 - f*) N,' ' 
0.1 (1 - f J  . 

v2 r 

1 fM ON,' 0.1 (1 - f &  N,' 0.52 + 
9 v2 r 

F = 2 1 f r o  [ 
r 

+ 0.52 f a  

and 

frSeu = fraction of distance traveled 

fm = fraction of distance traveled ... 

fW = fraction of distance traveled a 

(4)' U ' I J I  
in rural, suburban, or urban population zones, 

during rush-hour traffic, 

on freeways, interstates, or 4-lane roads, 

(37) 
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f,, = 

V = 

Qs = units conversion factor = 7.7 E-8 rem-hi-m . 
mrem-sec'-km 

fraction of distance traveled on city streets (in urban areas, (1 - fCs) = f,,), 

average velocity in specific population zone ( d s ) ,  

The factor n/2x is incorporated into the numerical constant in each term of the expression. The 

dose is computed for each shipment scenario using Equation (36), and the results are summed over all 

shipments to obtain the total dose to persons traveling in the direction opposite to that of the 

shipment. 

Dose to Persons Traveling in the Same Direction as the ShiDment 

On the average, it is assumed that vehicles carrying radioactive material move at the same 

speed as the rest of the traffic. Thus, vehicles traveling in the same direction as the shipment 

can be modeled as a continuum of vehicles within the roadway boundaries but at distances 

greater than some exclusion radius beyond the shipment vehicle. The dose received by a 

person located at distance r from the shipment vehicle may be computed by multiplying the 

dose rate from Equation (5) by the duration of the exposure, T: 

* 

0 
For a given scenario, the total exposure time is given by the quotient of total distance 

(distance per shipment times number of shipments) and average velocity: 

If it is assumed that people are distributed uniformly along the shipment path with a linear 

density given by N ' N  (recall N' includes traffic in all lanes moving in the same direction), 

then the dose to persons traveling in the same direction as the shipment is determined by 

multiplying the expression for the dose given in Equation (38) by the linear population 
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density, using Equation (39) for T, and integrating from some minimum distance to some 

maximum distance (here assumed to be infinity): a 
00 

PPV - &  1 
r2 min 

The factor of 2 accounts for the fact that vehicles are both ahead of and behind the 

shipment.* Two components of exposed population are considered: persons adjacent, or 

nearly adjacent, to the shipping vehicle in passing lanes and ail other exposed people. People 

immediately adjacent to the vehicle are modeled identically to the others with the exception 

of minimum exposure distance. In addition, the traffic count is halved to equally distribute 

these people. Beyond the minimum exposure distance of 2V that is assumed for vehicles in 

the same lane as the shipment vehicle, the population of both lanes are combined by using the 

full value of the traffic count. 

As in the case of persons traveling in the opposite direction, N' and V depend upon the 
0 

population density zone, the type of roadway, and the time of day (rush-hour or normal 

traffic). The distance of closest approach, min, depends on the average velocity (and, 

therefore, on the population zone) since the closest vehicle is assumed to be located within 2 

seconds travel of the shipment vehicle (30 feet for each 10 miles per hour). Thus, min (in m) 

is given by 2V (V in d s ) .  If the integration of 1/? is carried out from a minimum distance 

*Note that this model applies to integrated population exposure, not individual exposure. 

That is to say, the model assumes that the "vehicle positions" around the shipment vehicle are 

continuously occupied, albeit not always by the same vehicle. a 
- 33 - 
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of 2V to infinity, the value obtained for the integral is 1/2V with units of m-'. Using the 

same traffic assumptions as calculation of the dose to persons traveling in the opposite 

direction and incorporating the results of this integration, the following expression is obtained 

for the dose received by persons traveling in the same direction as the shipment: 

D,, = Qs KO TI PPS TI PPS FMPS SPY PPV (F, + F,) 2 
(41) 

where the traffic factor F, that accounts for all persons except those in passing lanes 

immediately adjacent to the shipment vehicle is given by: 

F, = 

r I I 

. 1 4  1 

The factor F, accounts for those persons in the passing lane immediately adjacent to the 

shipment vehicle and is given by: 

. .  - 34 - - .  
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where X = minimum distance to adjacent vehicle. 

The dose is computed for each shipment scenario using Equation (41), and the results are 

summed over all shipments to obtain the total dose to persons traveling along the route in the 

same direction as the shipment. 
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Maximum Individual Dose 

RADTRAN estimates a hypothetical maximum exposure to an individual who lives beside a 

railroad track or highway. This dose estimate is calculated by the following equation, 

together with the assumption that the person lives 30 m from the highway or rail track, and 

that all the trucks and trains pass by at 24 km/hr. For each material shipped and each 

scenario, the dose in rem is found from the expression, 

2.0 E-6 I(x) PPS SPY OK 
V DR(x) = 

where 

(44) 

and 

K =  dose rate factor (mrem-m2/hr), 

x =  

V =  

r =  

B (pr) = 

P =  

perpendicular distance of the individual from the shipment path (m), 

average velocity of the shipment passing that point (kdhr) ,  

distance of the individual from the passing vehicle (m), 

Berger buildup factor (B (pr) = 0.006r + 1 for air), 

the absorption coefficient (for air = 3.87 E-3 m-'). 
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When the expression for B (pr) is substituted into the integral I (x), the resulting equation 

can be written in terms of the zeroth order modified Bessel function and its first integral 

(SNL, 1980): 

B.2.5 Concepts and Computational Aspects of Transportation Accident Risk 

Assessmenta 

Two factors are considered in evaluating the impact of accidents that involve vehicles 

carrying radioactive shipments: probability and consequence. The probability that an 

accident releasing radioactive material will occur can be described in terms of the expected 

number of accidents of a given severity for each transport mode together with the package 

response to such an accident. The consequence of an accident is expressed in terms of the 

potential effects of the release of a specified quantity of radioactive material to the 

environment or the increased direct exposure of persons to ionizing radiation resulting from 

damaged package shielding. Risk is defined as the product of probability and consequence. 

0 

Accidents may involve shipments of nondispersible or dispersible materials. In the first case, 

a compromise of package integrity yields only direct radiation exposure from shielding loss 

while as shown in Figure B.5, five doses may be evaluated for dispersible materials. 

a The equations used in this section conform to the numbering sequence used in the 

reference document (SNL, 1986). 
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A c c i de n t S eve r i t v C at e g o  r i es a 
The intensity of thermal and mechanical environments is responsible for the kind and degree 

of packaging damage and for the portion of the contained material which may be released 

subsequently. A method of categorizing accident severities is detailed elsewhere (NRC, 
1977). In this method accidents are assigned a seventy category based upon the duration and 

temperature of fire occurring during the accident, and either impact speed (air transport), 

crush forces (for truck and van transport), or puncture impact speed (for rail transport). Eight 

categories are considered, with category 1 used to represent the regulatory conditions of Type 

A packages, category 2 to represent regulatory conditions for Type B packages, and higher 

categories designed for situations that exceed regulatory limits. Other methods for 

categorizing accident severities can be developed by the modeler. 

Figure B.6 shows bounding environments for the severity categories involved in truck or van 

accidents. Category 1 accidents have forces of less than 6.7 kilonewtons and fire durations of 

less than 15 minutes. Category 2 accidents have forces of from 6.7 to 22 kilonewtons with 

fires lasting up to half an hour, or forces not greater than 6.7 kilonewtons with fires lasting 

from 15 minutes to an hour. In a similar way, the bounding values for higher severity 

categories depend on both the forces and the fire duration, and can be read from the figure. 

0 
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Figure B.6: Accident Severity Category Classification Scheme - Highway Mode (NRC, 
1977). 
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Release and DisDersibilitv 0, 
Transported materials are classified according to their dispersibility based on the shipment 

size and the chemical/physical properties of the material. The dispersion category in turn 

determines the fractions aerosolized and respirable. Figure B.7 shows the decision tree 

structure used to make this classification. If the material is flammable its dispersibility to 

make this category is 1 1 .  For nonflammables, the next level of the tree is determined by 

physical form: solid, liquid, or gas. Gases will be category 10, and liquids will be either 8 

or 9, depending upon the amount of material contained in one package. Large volumes are 

assigned to category 8. Solids that are not dispersible are given category 1 ,  and dispersible 

solids go into categories 2 through 7 ,  depending on such other characteristics as the granular 

size and the amount of material involved. 

RADTRAN uses four quantities which are dependent upon severity category: the accident 

severity fraction (n), the release fraction (RF), the aerosolization fraction (AER), and the 

respirable fraction (RESP). The severity fraction is a three-dimensional array which defines 

the probability that transport accidents for each of the allowable modes will occur in each of 

three population zones and each of the eight severity categories. 

0 
Consideration of packaging strength as a function of severity is included in the release 

fraction. This parameter varies from 0 to 1, depending on the relative damage done to the 

packaging in the accident. If RF is 1, the packaging is totally destroyed from a material 

containment point of view. If RF is 0, the packaging is unbreached (although not necessarily 

undamaged) and the material is fully contained. Intermediate values describe conditions of 

increasing package failure ranging from microfractures to catastrophic failure. 
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The aerosolization fraction specifies the fraction of material released from a package in 

aerosol form. Only those particles less than approximately 10 microns in aerodynamic 

diameter pose an inhalation hazard. The respirable fraction is introduced to quantify this 

respirability fraction as a function of material dispersibility class and accident severity. In 

terms of ground contamination, all airborne particles are significant so the respirability 

fraction is not included. 

Earlv Health Effects for Nondispersible Accidents 

By virtue of their chemical or physical form, certain transported radioactive materials are not 

readily dispersible. These materials may, however, provide a significant source of external 

penetrating radiation. Exposure to these sources of external penetrating radiation is computed 

using the following dose-rate formula: 

where 

DR(r) = 

CI = 

PPS = 

RF= 
E =  

P =  
B(Pd = 

Q =  

dose-rate at distance r from source, 

number of curies per package, 

number of packages per shipment, 

fraction of package contents released according to accident severity, 

energy of photons (MeV), 

energy attenuation coefficient (rn-'), 

dose-rate buildup factor, 

units conversion factor. 
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The simplifying assumption that e-pr B(pr) I 1.0 is again made to simplify the expression to: 

Q6 CI PPS RF e 
DR(r) = ... (53) 

where 

rem -m 
hr-Ci-Mev 

Q6 = 0.5 

This expression is acceptable for all photon energies encountered in the transportation of 

radioactive material. Note that this analysis does not explicitly apply to neutron emitting 

materials although the 1/? dependency is still a valid concept. If neutrons are a significant 

contributor to the total dose, this equation would have to be revised because neutron 

interactions are somewhat different than the photon interactions modeled in Equation (52). In 

particular, the factors Q, p, c, and B(pr) would need reevaluation. 

Analyses (SNL, 1980) show that nondispersal early effects are dominated by pedestrian 

0 exposure and that the dose to persons in buildings is negligible. In addition, the response 

times and duration of uncontrolled exposure are expected to be shorter in cities than in rural 

or suburban areas. With these considerations in mind, the dose can be calculated for persons 

in  immediate^ areas radially distant from the accident site. In urban population zones, these 

areas correspond to the areas including only sidewalk segments as illustrated in Figure B.8. 

The population density used is the pedestrian density (RPD PD,) and the exposure time is 

assumed to be 15 minutes. Fifteen minutes corresponds to immediate response time; 

immediate action will be taken to cordon off the area. After that time, it is assumed that 

evacuation will remove people from exposed areas. Therefore, the expected number of 

exposed persons is given by: 

EXP, (urban) = r, SEG W, RPD 0 PD, (54) 

where 

w, = sidewalk width (assumed to be 3 m), 
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'm =sidewalk area (assume W, = 3m) 

'2 9'3 , -JNRAD = Annular non-disposal radii defined by input 
variable RADIST 

Figure B.8. Radial Areas for Nondispersal Accident in Urban Region 0 
; . .  . . : . :  . :  
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SEG = 

RPD = 

rn = 

number of sidewalk segments per annulus = 8, 

ratio of pedestrian density to population density in urban areas, 

annular radii for nondispersal accidents defined by input variable 

RADIST. Note r, = RADIST, - RADIST,-,. 

In suburban and rural areas, the area. is the entire annulus; the population density is used 

directly; and an exposure time of 1 hour is assumed. The expected number of exposed person 

is given by: 

where 

DRAD, = area of each annulus (m2) 

The individual dose is given by 

D = DR(r) T (56)  

0 A variety of health effects result from radiation. The dose effect depends on total dose 

received and dose rate. Early health effects could result following large radiation doses to 

sensitive tissue. For early health effects to occur, these doses must be received at a rate 

which exceeds the rate of tissue repair. Because of protective actions that are likely to be 

taken following an accident, large short-term radiation doses will be limited to periods shortly 

after the accident. ' 

Once doses have been computed, the probability of an early fatality (given the specified acute 

total body exposure), PEF, is determined using curve B shown in Figure B.9 and can be 

applied to give expected numbers of early fatalities per accident: 

NRAD 
EF-ND EF 

N=2 
Nija = Qs Emjfl Pija (57) 
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Figure B.9. Dose Response Curves for Early Fatality Resulting From Acute Bone 
Marrow Exposure to External Penetrating Radiation. Estimated dose 
response curves for 50 percent mortality in 60 days with minimal 
treatment (Curve A); supportive treatment (Curve B), and heroic 
treatment (Curve C) (NRC, 1975). 
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where 

i = seventy category, 

j = population zone, 

m = material. 

k?n2 
m2 

Qg = 1E-6 - 

Early morbidities are analyzed somewhat more qualitatively because the effects of sublethal 

doses are not as well understood (NRC, 1975). The approach is to use a step probability 

function, PEM. That is, Pm is unity for organ doses above the threshold and is zero for organ 

doses below the threshold. The thresholds in Table B.4 represent acute doses above which 

some type of debilitating physiological response is possible. In RADTRAN the probability of 

an early morbidity is determined by comparing the dose given by Equation (56) to the bone 

marrow threshold for external whole body exposures. The expected numbers of early 

morbidities per accident are: 

where 

Pm = 1 if the dose is greater than the threshold 

or 

PEM = 0 if the dose is less than the threshold 

- 48 - 
000163. 



.. c - . . t. 54.41  

TABLE B.4 

Early Morbidity Threshold Values (SNL, 1986) 

Morbidity Dose 
Organ Threshold (rem) Physiological Effect 

Lung 3000 Radiation Pneumonitis 

Bone Marrow 
(Total Body) 

Gastrointestinal Tract 

75 Acute Radiation Syndrome 

Damage to GI Tract Lining 
1000 ' (Stem-Cell Loss) 

Gonads 50 Temporary Sterility (Males) 

Thyroid 7 Nodules (Benignhlalignant) 

Since early fatalities are also possible from bone marrow exposures, early fatalities +e 

subtracted from early morbidities to avoid double counting of acute health effects. 

Delaved Health Effects from Nondispersal Accidents 0 
Using the dose-rate expression given in Equation (53), adding exposure time, and integrating 

that expression over an incremental area, an expression for integrated population dose from 

nondispersible source accidents can be obtained. The incremental dose area is given by 

2nrdr where the exposure area is, as for early effects, an annulus of a circle. The user has 

three options for calculating the integrated dose in urban areas. The first option, IUOPT1, 

models only pedestrian behavior near the scene of an urban accident: 

'2 

D, = Qs Q6 CI PPS E RF T PD, 1 
rl 

dr 
r2 

(59) 
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where 

(51 Qs = units conversion constant = lo6 

The value for r, (RADIST(1)) is chosen to correspond to the minimum exposure distance for 

early effects and the value for rz is equal to that value plus a sidewalk width of 3 m. 

If option IUOPT2 is chosen, the analytical formula is: 

D, = Qs Q6 CI PPS E RF PD, .T 
'2 '3 

RPD s dr + RU 1 2 
rl ' '2 

2xr dr - 
r2 

(60)  

where RU = ratio of transmission of radiation through urban buildings to transmission of 

radiation through air (see Table B.2). 

The second term in this expression accounts for the people exposed inside buildings. In this 

instance, r3 (RADIST(NRAD)) is taken to be the maximum distance for nondispersal accident 

dose calculations. Values for r,, rz, and r3 are specified for the three population zones. 

If option IUOPT3 is selected, no shielding is assumed and the analytical form of the 

integrated dose expression is: 

'3 

= Qs Q6 CI PPS E RF. T. PD, dr 
D"3 a.2 
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The formulation of suburban dose from nondispersible source accidents includes the suburban 

transmission factor, RS: 

‘3 

‘1 

Ds = 0 8  Qtj CZ PPS E RF T PD, RS & 
r 2  

In rural areas, the equation is: 

‘3 

rl 

2xr dr 
r2 

D, = Q8 Qa CI PPS E RF* T *  PD, J - 

Exposure time is assumed to be 1 hour in urban areas and 2 hours in suburban and rural 

areas. These values are considerably larger than those cited earlier for acute individual 

exposure. This longer time period is assumed to be the time required to reshield the 

container or to evacuate persons from the immediate area. When these factors are combined 

and when the integration is performed, the following integrated dose expressions result: 0 
R U R A L  

‘3 

‘1 
D ,  = 2 X (38 CZM PPS, E, RFi PD, In - 

SUBURBAN 

= 2 x Q8 CZM PPS, E, RF, PD, *‘RS@ In - ‘3 
‘1 

(65) D i m  
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rl + 3 
IUOPTl: x Q8 CI, PPS, E, RFi RPD PD, In - 

rl 
rl + 3 

x Q8 CI,,, PPS, E, RF, PD, RPD In - 
'1 

'3 

rl + 3 

IUOPT2: 

+ R U e I n -  

'3 IT Qs CI, PPS, E, RFl PD, In - 
rl 

IUOPT3: 

Material Dimersal From Accidents 

Airborne material released from the scene of an accident moves clawnwind under the 

influence of the winds and dispenses according to the degree of turbulence in the atmosphere. 

Persons exposed to the aerosol cloud will inhale some of the radionuclides during cloud 

passage and have particles deposited in their lungs in proportion to the time integrated 

concentration of the aerosol, x This is the source of the inhalation dose calculated in 

RADTRAN. Since groundshine, cloudshine and ground deposit are also proportional to the 

quantity x ,  the data for this parameter must either be input to RADTRAN or internal default 

data may be used. 

In the RADTRAN model, lines connecting points of equal x take the shape of nested ellipses, 

as shown in Figure B.10 extending in the downwind direction from the release point. The 

ellipses having the highest values of x are in the middle of the pattern and all are concentric 

in the vicinity of the release point. The value of x at any point is directly proportional to the 

total mass of material released and inversely proportional to wind speed. Thus, most sources 

contain tabulations of xu/Q or x/Q versus distance or area enclosed in isopleths for various 

atmospheric stability classes (commonly Pasquill A-F, but other schemes are published). To 

differentiate one locale from another the relative frequency of occurrence of the classes must 

be specified to complete the description of the atmospheric dispersion potential of any 

accident (Pasquill, 1961). 

I .  

\ ,  i 
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Figure B.lO. Typical Downwind Dispersion Pattern Assuming Gaussian Diffusion 
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To use the x/Q tables in RADTRAN, the user must specify the frequency of occurrence of the 

Pasquill stability classes in the area of interest. This data can be obtained from national 

meteorological summaries or from stability wind roses that.can be supplied from many 

. localities by order from the National Weather Service's data bank in Ashville, NC. 

The x/Q values versus area for each of the six Pasquill categories are shown in Table B.10 for 

an assumed ground level release. In order to convert xu/Q (AEC, 1968) to x/Q (xOQ), a wind 

speed of 1 m / s  was chosen for categories A and F, 2 m/s  for B, 3 m / s  for C, 4 m / s  for D, and 

2.5 m / s  for E (Luna, 1972). In this option each of the values is weighted by the frequency of 

occurrence (PSPROB) that is associated with the appropriate Pasquill stability category. 

Thus, a table of time-integrated air concentrations (DFLEV) and areas (AREADA) is 

produced. In RADTRAN, the differences AREADA(2) - AREADA( 1 )  ... AREADA 

(NAREAS) - AREADA (NAREAS-I ) provide areas for each concentration region. 

An iterative technique is used to derive x/Q values that result from material deposition and to 

estimate deposition for cleanup/groundshine calculations. The process involves the following 

steps: 

c 

The initial value of source dilution for a unit source in the first area is the given value 

at its edge. 

. . i  
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A representative initial value of the source dilution for the nth area, beginning with n 

being equal to two, is taken to be the geometric mean of the data values at the ends of 

the nth area interval. 

An estimate for the material deposited between areas A, and A,-l is taken to be the 

product of x,, the deposition velocity, and the area interval 

The amount of material deposited out to A, is computed as 

n 

0,' = D: 
I = 1  

A revised value for x, is found by multiplying the previous value by the fraction of 

undeposited material and once again computing the geometric mean at the ends of the 

nth area annulus 

-0 xn-' = { x i 0  (1 - 0,') x , , - ~  (1 - D L 1 )  (73)  

where I is the value for a unit source term. 

A revised estimate of the amount of material deposited between An-l and A, is then 

computed as 

Successive revisions of x,  and D, are computed in an iterative fashion until their 

relative error is less than 0.001. The convergence of the iteration is accelerated by 

replacing X by its average with x, at each stage. 
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The previous steps are repeated for the next higher value of n until the dilution values 

are known for each area. 

From the dilution values, obtain the deposited concentration, in Ci/m*, for each area 

increment. 

CTLVL, = V, .tn (75) 

Earlv Health Effects from Dispersal Accidents 

In RADTRAN JII, the average inhalation dose received by each organ of interest in an 

individual within each of the annular isodose areas, A,,, is computed as: 

4 L . n . o  = Qs CI, PPS, RF, AERi E S P ,  RPC,,o i,, BR (76) 

where 

BR = breathing rate (m3/sec) 

x,, = 

AER = 

RESP = 

RPC = 

1 =  severity category 

m =  material 

0 =  organ 

dilution factor (Ci-sec/m3 per Ci released) 

fraction of released material which becomes airborne 

fraction of aerosol of respirable size 

radiotoxicity factors (rem-per-curie inhaled) 

, .a 

The urban areas, doses may be accumulated both inside and outside buildings. For those in 

buildings, there is an additional measure of protection provided by the air filtration that takes 

place in the ventilation system. This effect is accounted for by reducing the organ dose to ' 

these people by a building dose factor, BDF. The number of persons assumed to be inside 

buildings is given by the product of the urban population and fraction of area occupied by 

buildings (0.52 (SNL, 1980)). Since the population density on sidewalks usually varies from 

the general urban density, RPD, which gives the ratio of pedestrian density to overall urban 

density, must be specified. Additionally, the areas used in determining atmospheric 

dispersion do not apply to pedestrians, who are constrained to a rectangular grid of strips of 
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sidewalk approximately 3 m wide. The fraction of the city covered by sidewalks may be 

estimated from the expression: 

which relates the fraction of area occupied by sidewalks, f,, to the fraction of area occupied 

by streets, where ws, is the sidewalk width and wSt is the street width. w, is 3 m, and w, is 

20 m, while the fraction of streets is 0.32 (SNL, 1980). The resulting value for the fraction 

of area occupied by sidewalk is 0.1. Thus, the inhaled dose in cities differs from the rural or 

suburban dose, but may be related to it through this combination of the BDF and RPD 

factors: (0.52 BDF + 0.1 RPD). 

The probability, PEF, of early fatalities due to inhaled radionuclide doses given by Equation 

(76) is calculated using the bone marrow response given earlier in Figure B.9, and an acute 

pulmonary effects response given in Figure B.11. One of the three lung type curves is 

designated for each material being shipped. Lung type 1 (curve A), is used for all short half- 

life materials; lung type 2 (curve B), is used for long half-life materials which have low 

Linear Energy Transport (LET) values; and lung type 3 (curve C), is used for long half-life 

materials with high LET values. 

0 

The number of early fatalities from dispersal accidents is determined in each dispersal area, 

A,, in a manner analogous to the nondispersal case treated earlier. For an accident of seventy 

i ,  in population zone j, for material m, the number of early fatalities that results is given by: 

2 N A R E l s  NZ,” = ( EXPnj PK- ) 
0=1 n = l  

where EXP,, = PDj A, 
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A. Yttrium-90 and -91 were the isotopes used to obtain this curve. It is equally valid for 
other short half-life beta or gamma emitting isotopes which result in approximately the 
same dose rate. This curve is used for all short half-life materials potentially 
encountered in transportation accidents. 

B. This curve is based on data using Sr-90N-90 inhalation by beagles, and is used for 
long half-life, low-LET radiation. 

C. This curve is based on data from Pu-239 inhalation by beagles, and is used for half- 
life, high-LET radiation. 

Figure B . l l .  Dose-Response Curves for Early Fatality Resulting From Acute Pulmonary 
Exposure (NRC, 1975; Goldman, 1977). 
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Early morbidity doses are also determined from Equation (76). AS was the. case for 

nondispersal accidents, the probability, PEM, involves threshold step functions. The five 

organs that contribute significantly to early morbidities are the lungs, marrow, lower large 

intestine, gonads, and thyroid. Table B.4 gives the threshold values together with the 

expected physiological effect from exposures above the thresholds. The number of early 

morbidities involves a summation over the dose to these five organs: 

where 

EXP,,,, = PD, 0. A,, 

To avoid double counting of acute health effects, early fatalities are subtracted from early 

morbidities. 

a Dose from Direct Inhalation 

The population-integrated dose resulting from inhalation following an atmospheric release of a 

given isotope is given by: 

YiJ = CI PPS Q, RF, AER, RESP, Q BR e RPC e IF PD, 

where 

RESP = 

IF= 

fraction of aerosolized material which is of a respirable size, 

integral of time-integrated atmospheric dilution factors, i, over all 

downwind areas, AREADA. 

The dose per unit intake values, RPC, were taken from CAP88-PC (EPA, 1992). In urban 

areas inhalation doses may be accumulated both inside and outside buildings. The urban 

integrated population dose due to inhalation is multiplied by (0.52 BDF + 0.1 RPD). a 
000174 
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Dose from ResusDension 

Deposited material is also a chronic health effect concern since particles can be resuspended 

by various mechanisms such as wind or traffic and inhaled by individuals. The additional 

dose from this pathway is accounted for by using a resuspension dose factor (RDF). 

Resuspension dose factor is a nondimensional factor which, when applied to direct inhalation 

dose, gives the total dose from inhalation and resuspension combined. Thus, if 

Qtotal = Qi* i- Q, 

and 

then 

Qm 

Qi* 
R D F = l + -  

Resuspension dose can be specified by: 

Q,,, = (CI 0 PPS 0 RF 0 AER 0 x 0 vd) 0 (KR) (RESP BR RPC) (86) 

where K, is the standard resuspension factor integrated over time. The terms in the first set 

of parentheses in Equation (86) are the amount of material deposited per unit area with a 

specific atmospheric dilution factor, x/Q. The term denoted K, relates the amount of material 

deposited on the ground to a time-integrated airborne concentration of resuspended material. 

The terms in the third set of parentheses describe the respiratory uptake of material. If 

Equations (76) and (86) are ratioed as suggested by Equation (85), the resuspension dose 

factor can be specified as: 

RDF = 1 + vd 0 K, (87) 
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The NRC (1975) (Section E2.2) suggests an integrated form for K, of a - 

.693t .693t - T 
KR = 8.64 E4 (10"a- '*In +lo- 9 )  (e- G) dt 

0 

where 

RT, = 

t, = radioactive half-life (days 

8.64 E4 = 

resuspension half-life (assumed to be 365 days) (NRC, 1975) 

number of seconds per day 

For consistency with other aspects of the chronic dose model, a value of 50 years (18250 

days) is chosen for t. When the integration is carried out from zero to 50 years, the following 

form is obtained for RDF: 

RDF = 1 + Vd (8.64 E4) (1 - e ) + -  - e 
-182501, 10-9 lo-' - I 1 2  

where 

.693 1, = - 
tw 

Dose from Cloudshine 

Under most conditions, exposure resulting from cloudshine is not a significant contributor to 

overall health effects from transportation accidents (SNL, 1980). However, certain isotopes, 

notably those with high photon energies such as 24Na and @'Co, can have a significant 

cloudshine component when the total health effect impact from an accident is evaluated. a 
. .  .. , '  .. i 
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Factors provided in CAP88-PC (EPA, 1992) were used to convert concentrations in an infinite 

hemispherical cloud of radioactive material to dose received by a person immersed in the 

clouds. The integrated dose from cloudshine in rural or suburban areas is: 

IDij,, = Qs CI, PPS, RF, AER, 0 CDF, 0 IF 0 PD, 

where 

CDF = cloudshine dose factor p e E 3  
The factor (0.52 BDF + 0.1 RPD) is applied in urban areas to account for air filtration in 

buildings and exposurCof pedestrians: 

Delaved Health Effects from Cloudshine 

As the aerosol cloud diffuses downwind, some of the material is deposited on the ground. 

This material can then irradiate persons living or working in the vicinity. The basic equation 

which is used to describe this exposure is the formula for uncollided gamma flux at some 

distance, r, above a uniformly contaminated infinite plane source 

S 
2 Og = - E, 

where 

= uncollided photon flux from uniformly-contaminated, infinite plane source at 

: some distance r above the plane (photons/cm'/sec), 

S = source level (photons/cm'/sec), 

E, = first-order exponential integral, 

p = linear attenuation coefficient (m-I). 
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The radiation dose is determined by the produce of the uncollided flux, the photon energy, an 

energy absorption coefficient and a dose buildup factor. The buildup factor accounts for the 

impact of scattered (collided) photons. A simple approach to incorporating dose buildup is to 

replace the attenuation coefficient in Equation (96) by the energy absorption coefficient. 

Thus, the radiation dose is given by the product of the "adjusted photon flux," the photon 

energy, and an energy absorption coefficient. 

An exact expression for dose would require a detailed description of the decay scheme of 

each radionuclide. To simplify this analysis, it is assumed that each decay, be i't single 

photon or cascade, behaves as if it were a single photon decay with an energy equal to the 

difference between the initial and ground states of the radionuclide. This assumption reflects 

the fact that the energy absorption coefficient is approximately consistent for the photon 

energies of interest. If these assumptions are combined with a conversion of S from photons 

per cm' per second to microcuries per m2 and if E, (pr) is evaluated at a height of 1 m above 

the contaminated surface, the dose rate (in rem per day) becomes: 0 
D R = Q , m C L V L m &  

where 

CLVL = actual contamination level (pCi/mZ), E is the 

and: 

(97) 

photon energy per transformation 

rem-m2 
day-Ci 

Q7 = 3.04 E-4 

Equation (97) describes the dose-rate from an ideal infinite plane source. The dose rate from 

radionuclides deposited on real surfaces such as asphalt or soil will be lower. In addition, the 

source will dissipate as a result of soil uptake, radioactive decay, or wind dispersion. The 

following model for the time-dependence of dose-rate, based on studies of 13'Cs and other 

radionuclides in various types of soil has been suggested (NRC, 1975) 
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.693 T -- 
DR(2') = Q, CLVZ a E [O.63e-em1 * + 0.37e-sm1 'J e e 'ln 

In this expression, the first two exponential terms describes the physical removal by processes 

such as weathering or resuspension; and the third exponential term describes loss due to 

radioactive decay. This equation forms the basis for the remainder of the groundshine 

analysis . 

The basic groundshine analysis revolves around the assumption that contaminated areas will 

be cleaned up to some "acceptable level," if possible, and that areas which have reached this 

level will be considered fully useable. The ratio between the initial contamination level and 

this acceptable residual level (input variable CULVAL) is called the decontamination factor, 

hereafter referred to as DECON,: 

L DECON,, = DECONi, = CLmi,m,n 
CULVAL 

with 

CLVL,,,," = CI, PPS, RF, CTLVL, 

CTLVL, = deposited concentration (Equation 75). 

The groundshine exposure 

1. People are exposed 

scenario is assumed to be as follows: 

(99) 

for the first full day following the accident to contamination levels 

modified only by radioactive decay. It is assumed that surveys are being conducted 

during this time and a determination made of the need for evacuation, interdiction, and 

decontamination. 

If DECON, is less than or equal to 1.0, no remedial action other than surveying is 

required; and persons are assumed to be exposed for 50 years to radiation from an 

area contaminated to the level initially deposited, reduced only by radioactive decay. 

If DECON, is between 1 and 40, a 10-day survey and cleanup period is assumed 

during which no population exposure is accrued. Decontamination techniques whose 

effectiveness decrease surface deposit density to a level where DECON, is unity or 

2. 

3. 
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lower are assumed to be used. This 10-day period is followed by 50 years of 

exposure to the cleaned-up level, CULVAL. 
If DECON, is greater than 40, it is assumed the area cannot be cleaned up acceptably. 

One-day exposure is accumulated and the area is then assumed to be interdicted. 

4. 

Once again, accidents are broken down by severity (denoted by subscript i), population zone 

(denoted by subscript j), and material (denoted by subscript m). In addition, a subscript n, 

which ranges over the four levels of contamination mentioned above, is introduced. Thus, the 

integrated population exposure due to groundshine from an accident of severity "it' in a 

population zone 'Ij" involving material "m" and contamination level 'ln" is given by: 

= Q, CULVAL E, PD, A, tInm "ij.m.n 

I 
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.63 
.0031 tlnm + .693 

A I  = 

.0031 tln, + .693 
A2 = 

tllz, 

.3 I A3 = 
.000021 tip, + ,693 

.000021 tlp, + ,693 
k4 = 

tl& 

.0031 tlp, + .693 
A, = 

lnm 
c 

.WOO21 tin, + ,693 
A, = 

tlnm 

.38 tip, + 1.27 x 104 
A, = 

If DECONimn is less than 1.0, no cleanup is assumed to have occurred prior to reoccupancy 

and the second set of bracketed exponentials (which represents dose accumulated after 

reoccupancy) is also multiplied by DECONimn as well. If DECONimn is greater than 40, the 

area is interdicted and the second bracketed expression is deleted. As was the case for urban 

inhalation dose, persons inside buildings must be distinguished from pedestrians since they 

receive different exposures. For urban areas the correction factor (0.52 BDF + 0.1 RPD) is 

applied to account for the fact that ventilation systems can reduce exposures inside buildings 

as compared with that accumulated outside. 

- 66 - 
000188 



g. 54.41 

ExDected Number  of Accidents a 
The expected number of accidents which a transport vehicle might be expected to experience 

is computed as follows: 

rij,,,,,, = (APM,,, nij,p SPY,., fi,, FMPS,,,) (107) 

where 

'i.jm.p = expected number of accidents of ith severity in jth population zone for 

the mth radionuclide transported by the pth mode combination, 

APMj., = 

4 . j . p  - - 

overall accident rate per km for pth mode in the jth zone, 

fraction of pth mode accidents which are of seventy i in population 

zone j, 

number of shipments of mth radionuclide by pth mode, 

fraction of total distance traveled by pth mode in jth zone, 
SPY,, = 

fLP - - 
FMPS,, = distance per shipment for mth radionuclide by pth mode. 

The values for Ti.jm,p can be combined to give the total expected number of accidents. 
0 

Because transportation accidents are infrequent, a Poisson probability density function may be 

used with the expected number of accidents as the parameter of the distribution: 

Be -' 
B! 

P(B) = - 

where 

P(B) = 

r= expected number of accidents 

probability of exactly B accidents 
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B.3 M O D E L I N G  T H E  INCIDENT FREE T R A N S P O R T A T I O N  RISK 

B.3.1 Overview 

i 

Since no release of radioactive material occurs during incident free transport, radiation 

exposures are due only to gamma and x-ray exposure. Empirical external dose rate 

measurements provided by FERMCo (FERMCo, 1993), for representative SeaLand containers, 

were input to RADTRAN 4. Because of the size of the SeaLand containers, 9.1 meters, the 

incident free analysis assumes two containers are transported per shipment. 

This assessment for incident free transport provides radiation exposure estimates to four 

population groups: 

1.  

2. 

3. 

4. 

Truck drivers including loading, en-route, and unloading operations; 

Public drivers and passengers who share the road with the waste transport vehicles; 

Members of the public who live, work, or are otherwise adjacent to the road; and 

Members of the public in the vicinity of the waste transport vehicle during stops. 0 
Of these four population groups, only the first group is occupationally exposed. The 

remaining three groups are members of the general public. 

B.3.2 Parameters 

B.3.2.1 User Input Parameters 

The FERMCO specified parameters and analysis flags included: 

Incident free transport 

Consider no building shielding 

Package size: 9.1 m (SeaLand Container) 
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Transport Mode: Truck only 

Truck Drivers: 2 per trip (no other crew) 

Number of shipments: 648 

Packages per shipment: 2 SeaLand containers arranged end-to-end 

Package Dose Rate at one meter: 0.018 mrem/hr. 

Number of persons exposed during stops: 4 

Average distance to persons during stops: 20 meters 

One way trip distance: 3300 km 

Package Size and Number 

Waste containers are expected to be 55 gallon drums, B-25 boxes and SeaLand containers. 

The maximum external exposure case is expected to be a double trailer shipment with a total 

of two 9.1 meter long SeaLand containers. This single case was used to estimate the impact 

of 648 shipments. The number of trips was calculated based upon waste volume estimates 

given in Table G-1, of Appendix G, of the proposed plan (DOE, 1993). 0 
Package Dose Rate at One Meter 

A tissue equivalent plastic scintillation detector was used to take measurements, at one meter, 

from a SeaLand container currently loaded with representative wastes. Measurements at 

locations around the container ranged from 6 p W r  to 18 pRkr,  with an average of 9.6 f 

4.0pWhr. To be conservative, the maximum value of 18 pR/hr was used for the analysis. 

Number of Persons and Distances During Stous 

The RADTRAN default, values of 50 persons at a distance of 20 meters was judged to be a 

high estimate which is more appropriate for a busy drive-in movie theater than a truck stop. 

That distribution approximates a population density of 39,790 persons/km2. For comparison, 

the population distribution was assessed at a busy suburban truck stop along the planned 

route. 
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0 The following information was obtained (Maupin. 1993) for a standard truck stop along the 

expected route to compare reasonableness: 

Average number of parked trucks: 120 

Number of drivers per truck: 1.3 (156 total) 

Truck stop area: 10 acres 

The default distance of 20 meters and a conservative closer-in distribution was used. This 

also allowed for exposure to truck stop workers. Use of four persons at 20 meters 

approximates a population density of 3183 persons/km2. This in turn can be compared to the 

RADTRAN default value for an urban population distribution of 3861 persons/km2. 

B.3.2.2 RADTRAN Default Values  

The significant default values provided by RADTRAN that were used are: 

0 Distance Fraction of Travel: 

90 percent rural 

5 percent suburban 

. 5 percent urban 

Truck Speed: 

Rural 55 mph 

Suburban 25 mph 

Urban 15 mph 

Stop Time: 

0.01 1 hr/km 

Urban Conditions: 

Fraction during rush hours 8 percent 

Fraction on city streets 6 percent 

Fraction on urban highway 85 percent 
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Public Traffic One-way Sharing of Route: 

Rural 470 vehicleshr 

Suburban 780 vehicleshr 

Urban 2800 vehicledhr 

Population Densities: 

Rural 6 personskm’ 

Suburban 7 19 personskm’ 

Urban 3861 personskm’ 

Information that is derived includes: 

Travel time 40.5 hr. 

Stop time 36.3 hr. 

The default values used by RADTRAN 4 are conservative in a number of respects. The 

default RADTRAN urban population density of 3861 personskm’ was used. However, an 

analysis of the expected route, with populations and city sizes, showed that those city 

population densities were better approximated by the default suburban population density. 

This ,conclusion is based on an expected route which includes Albuquerque, NM; Amarillo 

TX; Flagstaff, AZ; Las Vegas, NV; Oklahoma City, OK; St. Louis, MO; Springfield IL; and 

Tulsa, OK. .The default urban truck speed of 15 mph is rather low since almost all of the 

intra-city routes would be on interstate highway and freeway. Little or no urban travel would 

be on city streets, therefore the default off-link exposure distance, 5 meters, results in an 

overestimate of off-link urban collective dose. Likewise, the suburban truck speed of 25 mph 

is rather low for traveling through suburban areas on a freeway or interstate highway. 

Adopting less conservative values for these parameters would decrease the doses resulting 

from the incident free transportation scenario. However, since most of the population dose is 

received by the drivers (89%), any reductions in dose from fine tuning these model 

parameters would be small. 

0 
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. B.3.3 Incident Free  Dose and Risk Summary 

The RADTRAN 4 output  data file is included as Section B.6.1. The incident-free doses 

calculated by RADTRAN 4 are provided in this section. The risks are computed using a 

coefficient of 4 E-7 fatal cancers per mrem. 

Truck Drivers 

The results yielded a calculated 3.21 mrem per trip per driver including travel and handling. 

If two drivers were dedicated to the 648 trips, there would be 2.05 reddriver or 4.10 person- 

rem for the entire project. This collective dose equivalent corresponds to a collective risk of 

1.6E-03. As in other analyses within the proposed plan, risk is based on fatal cancers (DOE, 
1993). 

It is planned that six two-man driving crews would share driving duties. This corresponds to 

an individual dose equivalent of 0.34 rem with a corresponding individual risk of 1.4E-04. 0 
En-Route Public  

The maximum individual member of the public resides adjacent to the route and receives an 

effective dose equivalent of 1.7E-06 rem with an associated risk of 6.8E-10. 

The collective effective dose equivalents are: 

Public drivers sharing the route: 

Residents and others along the route 

Truck stops public: 

1.05E-0 1 person-rem 

2.40E-0 1 person-rem 

1.60E-0 1 person-rem 

Collective Total: 5.OSE-0 1 person-rem 

Collective Risk: 2.OE-04 
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B.4  MODELING T H E  T R A N S P O R T A T I O N  ACCIDENT RISK a 
B.4.1 Overview 

The RADTRAN 4 computer code was used to perform the transportation accident assessment 

for moving debris and wastes from the FEMP to NTS. Generally, the RADTRAN 4 model 

computes the probabilities of each of eight accident categories given the total distance 

traveled in urban, suburban, and rural settings. These categories are termed "severity 

categories" to represent the increasing severity of the accident. Figure B.6 presents the 

classification of each category with respect to accident crush force and fire duration. The 

dose equivalents of various accidents are computed by RADTRAN 4 based on a large number 

of factors. These include, but are not limited to: 

0 

0 

The amount, isotopes, and characteristics of radioactive materials involved; 

the rural, suburban, and urban population densities; 

the fraction of time for each Pasquill stability category at the accident site; 

the amount of radioactive material released for each accident severity category; 0 

0 the fraction of released radioactivity which becomes airborne and that which is 

respirable. 

For this accident assessment the ingestion pathway was excluded. This was done since the 

ingestion pathway analysis done by RADTRAN 4 is not adequately described or supported in 

user documents (SNL, 1986, 1990). The RADTRAN 4 code will accept food and soil 

transfer factors. However, these options were included in the RADTRAN 4 code in 

anticipation of the development of data bases which contain state-specific or region-specific 

values of transfer factors. These databases are not yet available. Excluding the ingestion 

pathway from the analysis amounts to assuming that contaminated food products are withheld 

from the food supply, and that contaminated farm and pasture lands are decontaminated. 

B.4.2 Parameters 
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B.4.2.1 Waste Containers 

Three types of containers used for Operable Unit 3 waste shipments are 55 gallon drums, B- 

25 boxes, and SeaLand containers. The waste forms, shipping containers and related factors 

are assessed below to justify the selected configuration for the accident scenario. 

55 Gallon Drums 

Physical Characteristics: 

Standard DOT Specification 17H 55 gallon drums which contain a nominal seven 

cubic feet of waste. 

Waste Forms: 

The drums will contain residues including dusts, powders, granules, grindings, and 

similar media from the decontamination processes. In addition, wastes from the 

operations will include contaminated personal protective equipment, spent 

consumables, and small equipment items. Compacting and other waste minimization 

procedures, have resulted in most drums approaching 1,000 Ib (REECO 1993). The 

estimated total quantity to be shipped is 5,000 drums (DOE, 1993). The quantity per 

shipment is 38 drums (REECO 1993). 

B-25 Boxes 

Physical Characteristics: 

The B-25 boxes are 4 ft. by 6 ft. by 4 ft. high. Each is expected to contain 80 cubic 

feet of wastes. 

Waste Forms: 

1. Miscellaneous Metals: Lighter gauge metals, conduit, piping, wiring, ductwork, 

and smaller process and construction metallic objects. The estimated total quantity to 

be shipped is 665 boxes (DOE, 1993). 
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2. Other Materials: Construction and process materials and scrap including glass, 

plaster, wood, insulation, roofing, and various plastic-based materials. The estimated 

total quantity to be shipped is 1884 boxes (DOE, 1993). The quantity per shipment is 

6 boxes (REECO. 1993). 

SeaLand Containers 

Physical Characteristics: 

The SeaLand containers are 8 ft. by 30 ft. by 8 ft. high. They are expected to contain 

1600 cubic feet of wastes. 

Waste Forms: 

1. Structural Steel: Medium to heavy grade steel from structural applications such 

as girders and beams. The estimated quantity to be shipped is 11  containers 

(DOE, 1993). 

2. Transite: Transite panels from interior and exterior building walls. The 
estimated quantity to be shipped is 7 containers (DOE, 1993). The quantity per 

shipment is 2 SeaLand containers (REECO, 1993). 

Rationale for Selection of 55 Gallon Drums 

The waste forms to be shipped in B-25 boxes and SeaLand containers will typically have only 

surface contamination with relatively low radionuclide concentrations per weight of wastes. 

Loose surface contaminants will have been removed from a large fraction of those materials. 

A minimum fraction of the activity would be dispersed during an accident. While the 55 

gallon drums meet required Department of Transportation specifications, the B-25 boxes and 

SeaLand containers are more ruggedly constructed and less likely to lose containment 

integrity as the result of the forces and fire that might attend a severe accident. 

A portion of the wastes will have the highest radionuclide concentrations and contain wastes 

that would be more readily dispersed as the result of a severe accident. These wastes will be 

transported in 55 gallon drums. Therefore, the shipment configuration used to assess the 
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accident scenario is for a load consisting of thirty eight 55 gallon drums. It is assumed that 

19 drums contain high concentration residues and that the other 19 drums contain less 

concentraed residues. Each drum is estimated to have 1,000 lb of waste. 

B.4.2.2 Waste Form 

The waste form was modeled by RADTRAN 4 as a fine powder. This is a conservative 

assumption since the Nevada Test Site (NVO, 1992) will not accept waste streams having 

significant amounts of fine particulates unless they are suitably immobilized (treated) or 

overpacked. 

. 

If the waste form is assumed to be stabilized and modeled by RADTRAN 4 as "loose chunks" 

instead of "fine powder", the default value for aerosolized fraction, would be reduced by a 

factor of 10. The calculated doses and risks would be reduced by the same factor. 

An estimate of the highest concentration waste forms was obtained by using' the average 

concentrations of the various radionuclides present in the dust collectors from Plants 1 ,  4, 5, 

8, 9, and the Pilot Plant (see section 2). The activity of a drum containing 1000 lb. of dust 

collector material is obtained by multiplying the specific activity of the residue (FCi/g) by 

0.454. Nineteen drums of each shipment are assumed to have the same specific activity as 

the dust collector materials. The contents of these drums are provided in Table B.5 under the 

heading "High Activity Drums". The other 19 drums of each shipment are assumed to have 

five percent of the activity of the high activity drums; the activities of these drums are 

provided in Table B.5 under the heading "Low Activity Drums". Table B.5 also summarizes 

the assumed total activity of each isotope transported per shipment. 

B.4.2.3 Transportation Input Parameters 

Transportation related input parameters are summarized in Table B.6. Use of the default 

value of 5 percent urban travel results in a conservative accident risk estimate since the urban 

accident rate is much higher than the rural accident rate (1.6E-5 km-' vs. 1.4E-7 km-' ). A 
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less conservative, but reasonable assumption would be 0% urban, 5% suburban, and 95% 

rural. 

B.4.2.4 Accident and Release Parameters. 

The default accident rates were used by RADTRAN 4: 

Rural 1.4 E-7 km-' 

Suburban 2.7 E-6 km-' 

Urban 1.6 x E-5 km-'. 

Transportation accidents were broken down by severity groups for rural, suburban, and urban 

settings. The default distributions of accidents among severity categories are provided in 

Table B.7. Accident severity categories are defined on a plot of crush force versus 1300K 

fire duration, Figure B.6. Generally as the accident crush force or bum time increases, the 

accident severity category also increases. 0 
The fractional release values used in the model are user defined. These release fraction 

values are expected to vary with the design of the package as well as its contents. The values 

chosen reflect the concept that low severity group accidents tend to result in little or no 

release of material. While severe accidents may result in larger releases of radioactive 

materials. 

Severity Category I I1 m IV v VI VII vm 

Release Fraction 0.0 0.01 0.02 0.04 0.08 0.16 0.32 0.64 
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Table B.5. Waste Content Per Drum and Per Shipment. 

I SO T.0 PE High Activity Low Activity Activity per 
Drums, Ci ea. Drums, Ci ea. Shipment Ci 

U-238 
Th-234 
Pa-234t* 
U-234 
Th-230 
Ra-226 
Rn-222 
PO-2 18 
Pb-2 14 
Bi-214 
U-236 
U-235 
Pa-23 1 
Tc-99 
Th-232 
Ra-228 
Ac-228 
Th-228 ' 

Ra-224 
Rn-220 
PO-2 16 
Pb-2 12 
Bi-212 
Po-2 12 
TI-208 
U-233 
P~-239,240 
Np-237 
Pa-233 
Pu-238 
CS- 1 37 
Ba- 137m 
Sr-90 
Y -90 

6.36E-02 
6.36E-02 
6.36E-02 
6.36E-02 
1 .14E-03 
1.36E-04 
1.36E-04 
1.36E-04 
1.36E-04 
1.36E-04 
4.00E-03 
3.72E-03 
3.72E-03 
8.17E-03 
1.14E-04 
5.45E-05 
5.45E-05 
1.77E-04 
1.77E-04 
1.77E-04 
1.77E-04 
1.77E-04 
1.77E-04 
1.14E-04 
6.36E-05 
1.77E-02 
6.8 1 E-04 
6.36E-05 
6.36E-05 
3.54E-05 
1.14E-04 
1 .14E-04 
9.53E-05 
9.53E-05 

3.18E-03 
3.18E-03 
3.1 8E-03 
3.18E-03 
5.68E-05 
6.8 1 E-06 
6.8 1E-06 
6.8 1E-06 
6.8 1E-06 
6.8 1E-06 
2.00E-04 
1.86E-04 
1.86E-04 
4.09E-04 
5.68E-06 
2.72E-06 
2.72E-06 
8.85E-06 
8.85E-06 
8.85E-06 
8.85E-06 
8.85E-06 
8.85E-06 
5.68E-06 
3.18E-06 
8.85E-04 
3.40E-05 
3.18E-06 
3.18E-06 
1.77E-06 
5.68E-06 
5.68E-06 
4.77E-06 
4.77E-06 

1.27Ei-00 
1.27Ei-00 
1.27Ei-00 
1.27Ei-00 
2.26E-02 
2.72E-03 
2.72E-03 
2.72E-03 
2.72E-03 
2.7 2E-03 
7.97E-02 
7.43E-02 
7.43E-02 
1.63E-01 
2.26E-03 
1.09E-03 
1.09E-03 
3.53E-03 
3.5 3E-03 
3.53E-03 
3.53E-03 
3.53E-03 
3.53E-03 
2.26E-03 
1.27E-03 
3.53E-01 
1.36E-02 
1.27E-03 
1.27E-03 
7.06E-04 
2.26E-03 
2.26E-03 
1.90E-03 
1.90E-03 
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Table B.6. Significant Transportation Input Parameters a 
PARAMETER VALUE 

Transportation Mode 

Building shielding 

Number of trips 

One way trip distance 

"High Activity" drumship 

"Low Activity drumship 

Percent rural travel 

Percent suburban travel 

Percent urban travel 

Truck Only 

None 

648 

3300 km 

19 

19 

90 

5 

5 

The accident scenario was modeled using the default setting for aerosolized fraction. It is 

assumed that one-tenth of the released material is aerosolized. One-twentieth (0.05) of the 

aerosolized material is assumed to be respirable (i.e., to have an aerodynamic diameter of 10 

pm or less). These parameters are conservative. Less conservative values could be chosen in 

view of Nevada Test Site restrictions on the amount of fines that may be present in waste 

containers. 

The weather conditions during the release were assumed to be Pasquill stability class F and a 

wind speed of 1 m / s .  A site specific distribution of stability class could have been used. The 

choice of stability class F is conservative in the respect that it results in the highest downwind 

concentrations and the highest individual doses. 

The default deposition speed of 1.8 E-3 m / s  was used in the model for all isotopes. 
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Table B.7. Transportation Accident Severity Fractions 

Severity Group Rural Suburban Urban 

1 

2 

3 

4 

. 5  

6 

7 

4.6E-0 1 4.4E-0 1 

3 .OE-0 1 2.9E-0 1 

1.8E-0 1 2.2E-0 1 

4.OE-02 5.1E-02 

1.2E-02 6.6E-03 

6.5E-03 1.7E-03 

5.7E-04 6.7E-05 

5.8E-0 1 

3.8E-01 

2.8E-02 

6.4E-03 

7.4E-04 

1 SE-04 

1.1 E-05 

8 1.1 E-04 5.9E-06 9.9E-07 

B.4.2.5 Dosimetric and Radiological Parameters 

The RADTRAN 4 computer code contains an isotope library which is appropriate for 

transportation of spent nuclear reactor fuel rods or high level waste from reprocessing spent 

fuel. The isotope library does not contain data for the majority of isotopes used in this 

analysis. For this reason, all of the isotope data were user defined. 

Half-lives were generally taken from Radioactive Decay Data Tables (DOE, 1981). A 

number of the isotopes of interest were short-lived members of decay chains having a long- 

lived parent. The half lives of these short lived isotopes were substituted with the half lives 

of their long-lived parents where appropriate. This was necessary in order to fool the 

RADTRAN 4 computer code into emulating the secular decay equilibrium present among 

members of decay chains. For example, radon-222 and its progeny are expected to be in 

.. , - 80 - 
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secular equilibrium with radium-226, therefore, radon-222 and its progeny were assigned the 

half-life of radium-226. 

For each user defined isotope, the total photon energy per transformation was derived from 

information provided in Radioactive Decay Data Tables (DOE, 1981). For a given isotope, 

this quantity is determined by summing the products of the photon energies and intensities of 

each listed photon emission. 

The dose rate conversion factors (DCF) for immersion in a large cloud of each isotope were 

obtained from the CAP88-PC isotope library (EPA, 1992). The immersion DCFs found in the 

CAP88-PC isotope library were in units of mrem-cm3 per pCi-yr. They were multiplied by 

3.171 E-1 1 to convert them into the units required by RADTRAN 4 (Rem-m3 per Ci-sec). 

The dose conversion factors for inhalation were obtained for the lungs, bone marrow, and 

whole body from the CAP88-PC isotope library (EPA, 1992). The DCF values found in the 

CAP88-PC isotope library were multiplied by 1.0 E9. This was required to convert the DCFs 

to units of R e d C i  from mRedpCi. With the exception of radon, DCFs were based on a 1.0 

micrometer particle size. However, the radon-222 and -220 settling velocities were assigned 

the same values as the other isotopes. This amounts to assuming that radon isotopes do not 

emanate from released particulates. 

c 0 

For most isotopes there was more than one lung clearance class to choose from. When this 

occurred, the lung clearance class was chosen based on conservatism and professional 

judgement. The choice of lung clearance class Y for uranium was conservative since other 

lung clearance classes have lower dose conversion factors. 
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B.4.3 Results of Transportation Accident Risk Assessment 

The RADTRAN 4 output data file for the transportation accident risk assessment is included 

as Section 6.2. The doses calculated by RADTRAN 4 are summarized and discussed in this 

section. The delayed health effects provided in this section are based on a risk factor of 4 x 

E-7 fatal cancers per mrem. 

B .4.3.1 Accident Probabilities 

Table B.8 summarizes the expected number of accidents of each severity category. No 

immediate fatalities due to radiation exposure are expected for. any of the severity categories. 

Table B.8. Expected Number of Transportation Accidents by Severity Group. 

Severity Group Rural Suburban Urban 

1 1.3E-0 1 1.3E-0 1 9.9E-0 1 

2 8.2E-02 8.2E-02 6.5E-01 

3 4.8E-02 6.3E-02 4.8E-02 

4 -. 1.1E-02 1.5E-02 1.1 E-02 

5 3.2E-03 1.9E-03 1.3E-03 

6 1.8E-03 5 .OE-04 2.5E-04 

7 1 SE-04 1.9E-05 1.9E-05 

8 3.1 E-05 1.7E-06 1.7E-06 

ALL 2.8E-0 1 2.9E-0 1 1.7 

To summarize Table B.8, a total of 2.27 accidents are expected. Seventy five percent of 

these accidents (1.70 accidents) may be expected to occur in an urban setting. The remaining 

25% accidents would be divided equally between suburban and rural settings. @- 
- 82 - 
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Of the 1.70 urban transportation accidents, 96% (1.64 accidents) are expected to be of 

accident severity groups 1 or 2. Ninety nine percent of the urban transportation accidents 

would be of accident severity groups 1, 2, or 3. 

Fewer suburban and rural traffic accidents are expected, 0.29 and 0.28 respectively. Suburban 

and urban accidents tend to be more severe, however. In the case of suburban traffic 

accidents: 

0 

0 

0 

75% are expected to be in severity groups 1 or 2, 

95% are expected to be in severity groups 1, 2, or 3, and 

99% are expected to be in severity groups 1, 2, 3, or 4. 

In the case of rural traffic accidents: 
0 

0 

76% are expected to be in sevefity groups 1 or 2, 

93% are expected to be in severity groups 1, 2, or 3, and 

0 97% are expected to be in severity groups 1, 2, 3, or 4. . -  - 

B.4.3.2 Accident Consequences. 

The accident consequences in units of person-rem and fatal cancers are provided in Table B.9; 

It must be emphasized that Table €3.9 represents the estimated doses and health effects if an 

accident occurs. To obtain the expected doses and health effects, Table B.9 values must be 

multiplied by the expected number of accidents, provided in Table B.8. The expected 

population dose and health effects are provided in Table B.lO. 

Comparisons of Tables B.9 and B.10 illustrate that most of the expected radiological risk is 

due to transportation accidents which have a relatively higher probability of occumng and a 

relatively lower consequence. For example, urban severity category 2 accidents, which are 

relatively frequent, are expected to contribute 8.5 person-rem to the total risk. In contrast, 

urban category 8 accidents, which are very uncommon, are expected to contribute 1.4E-3 
person-rem to the total risk. .a  
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It is noteworthy that 91% of the expected population dose, or 10.6 of 11.7 person-rem, is due 

to urban accidents. This results in a conservative risk estimate since well below 5% of the 

route between the FERMCO site and the Nevada Test Site is urban. 



Table B.9. Radiological Consequences of Accidents by Setting and Severity Group. 0 
Severity Group Person-rem Fatal Cancers 

7 

8 

Rural 

0 

3.36E-2 

6.7 1 E-2 

1.34E- 1 

2.68E-1 

5.36E-1 

1.07 

2.14 

Suburban 

0 

4.02 

8.04 

16.1 

32.1 

64.3 

128 

257 

Urban 

0 

13.1 

26.1 

52.2 

104 

209 

417 

0 

1.34E-5 

2.68E-5 

5.35E-5 

1.07E-4 

2.14E-4 

4.28E-4 

8.56E-4 

0 

1.61E-3 

3.21E-3 

6.43E-3 

1.29E-2 

2.57E-2 

5.14E-2 

1.03E- 1 

0 

5.21E-3 

1.04E-2 

2.09E-2 

4.17E-2 

8.34E-2 

1.67E- 1 

8 834 3.34E- 1 



' Table,, B.lO. Probable (or Expected) Radiological Consequences of Accidents by Setting 
and Severity Group. 

Severity Group Person-rem Fatal Cancers 

8 

Total Rural 

Total Suburban 

1 

2 

3 

4 

5 

6 

7 

8 

Total Urban 

GRAND TOTAL 

Rural 

Suburban 

Urban 

0 

2.8E-3 

3.2E-3 

1.5E-3 

8.6E-4 

9.6E-4 

1.6E-4 

6.68-5 

9.5E-3 

0 

3.3E- 1 

5.1E-1 

2.4E- 1 

6.1E-2 

3.28-2 

2.4E-3 

4.4E-4 

1.2 

0 

8.5 

1.3 

5.7E- 1 

1.4E- 1 

5.2E-2 

7.9E-3 

1.4E-3 

10.6 

0 

l.lE-6 

1.3E-6 

6.OE-7 

3.4E-7 

3.8E-7 

6.4E-8 

2.6E-8 

3.8E-6 

0 

1.3E-4 

2.OE-4 

9.6E-5 

2.4E-5 

1.3E-5 

9.6E-7 

1.8E-7 

4.83-4 

0 

3.4E-3 

5.2E-4 

2.3E-4 

5.6E-5' 

2.1E-5 

3.2E-6 

5.6E-7 

4.2E-3 

11.7 4.73-3 
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B.4.3.3 Expected Population Dose by Pathway and Isotope 

Four exposure pathways were formally considered in this transportation accident risk 

assessment: groundshine, inhalation, resuspension and cloudshine. The ingestion pathway 

was not included. This amounts to assuming that: 
0 A transportation- accident involving radioactive wastes will be recognized as 

such, 

Contaminated crops and food products will be withheld from the food supply, 

and 

Contaminated land will be decontaminated before it is used for farming or 

grazing livestock. 

0 

0 

The distribution of population dose among the pathways considered are: inhalation, 6.4 

person-rem; resuspension, 5.2 person-rem; groundshine, 0.1 rem; and cloudshine, 8.OE-6. In 

this risk assessment, inhalation of airborne radioactive materials, from the direct plume and as 

a result of resuspension, are the predominant exposure pathways. This is to be expected since 

the predominant isotopes in the waste stream (uranium-238, -236, -235, -234, -233, and 

protactinium-231) are alpha emitters. Of the predominant isotopes, only U-235 is a 

significant gamma radiation emitter (average energy of 15 1 keV per transformation). 

The expected value of population risk for the various radionuclides are provided in Table 

B.11. The five most important radionuclides in terms of expected population risk are: 

0 uranium-2 3 4, 4.5 person-rem, 1.8E-3 fatal cancers, 

0 uranium-23 8, 4.0 person-rem, 1.6E-3 fatal cancers, 

0 uranium-233, 1.3 person-rem, 5.1 E-4 fatal cancers, 

\ 

0 protactinium-23 1, 1 .O person-rem, 4.OE-4 fatal cancers, 

0 uranium-235, 0.3 person-rem, 1.2E-4 fatal cancers. 
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These five isotopes account for 95% of the dose ( 1  1.1 of 11.7 rem) expected from 

transportation accidents. 

Additional information relating to the transportation accident risk assessment is provided in 

Section 6.2. 



.=. 5 4 4 7  
''< Table B . l l  Expected Population Doses from Various Radionuclides. 

IsotoDe Person-rem 

U-238 
Th-234 
Pa-234t 
U-234 
Th-230 
Ra-226 
Rn-222 
PO-2 18 
Pb-2 14 
Bi-214 
PO-2 14 
U-235 
Pa-23 1 

Ra-228 
Th-232 

Ac-228 
Th-228 
Ra-224 
Rn-220 
PO-2 16 
Pb-2 12 
Bi-2 12 
Po-2 12 
T1-208 
U-236 
U-233 
Np-237 
Pu-238 
Pu-239 
CS-1 37 
Ba- 137m 
Tc-99 
Sr-90 
Y-90 

4.00 
2.73E-2 
3.16E-2 
4.50 
1 S4E-1 
1.30E-3 
5.55E-5 
2.1 1 E-7 
1 S3E-3 
9.14E-3 
3.33E-11 
2.70E- 1 
9.71E-1 
2.22E-2 
6.69E-5 
4.7 1 E-4 

2.90E-4 
2.04E-2 

2.90E-8 
1.92E- 10 
1.19E-4 
8.51E-5 
1.85E- 16 
8.57E-4 
2.68E-1 
1.27 
1.68E-2 
6.00E-3 
1.25E- 1 
1.87E-6 
1.95E-3 
3.67E-5 
1.12E-5 
4.73E-7 
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B . 6  RADTRAN 4 REPORTS 

The RADTRAN 4 reports for incident free transportation and transportation accidents are 
included as sections B.6.1 and B.6.2 respectively. The user input data are found in the front 
part of the reports: 

Section B.6.1, report Page 2 

Section B.6.2, report Pages 2, 3, 4 
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B.6.1 Incident Free 
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RUN DATE: [ 17-SEP-93 AT 1 4 ~ 0 4 ~ 4 6  ] PAGE 

RRRR AAA DDDD TTTTT RRRR AAA N N 

R R A  A D  D T R R A  A N N N  

R R A  A D  D T R R A  A N N N  

RRRR X A D D T RRRR A A N NN 

R R  A A A A A D D  T R R  A A A A A N N  

R R  X A D  D T R R  A A N  N 

R R A A DDDD T R R A  A N  N 

4 

4 4  

4 ' 4  

4 4 4 4 4  

4 

4 

4 

RADTRAN 4 . 0 . 1 4  VERSION DATE: AUGUST 19,1993 

MODE DESCRIPTIONS 

NUMBER NAME CHARACTER1 ZATION 
1 TRUCK LONG HAUL VEHICLE 
2 RAIL COMMERCIAL TRAIN 
3 BARGE INLAND VESSEL 

5 CARGOAIR CARGO AIRCRAFT 
6 PASS AIR . PASSENGER AIRCRAFT 

4 SHIP OPEN SEA VESSEL - 

. 000208 



7 P-VAN 
8 CVAN-T 
9 CVAN-R 
10 CVAN-CA 

PASSENGER VAN 
COMMERCIAL VAN 
COMMERCIAL VAN 
COMMERCIAL VAN 

000209 
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RUN DATE: [ 17-SEP-93 AT 14:04:46 ] 

ECHO CHECK 
, 

TITLE TRANSPORTATION RISK ANALYSIS FOR CRU 3 LLW TO NTS 90 5 5 

FORM UNIT 

D I M E N 1 0 1 0 0  

P A R M 1 1 3 1 0  

PACKAGE LABGRP U238 

SHIPMENT LABISO U238 

NORMAL FTZNR NMODE=l 0.90 

FTZNS NMODE=l 0.05 

FTZNU NMODE=l 0.05 

ADSTCW NMODE=l 12.2 

PDST NMODE=l 4 

EOF 

ISOTOPES 1 648 1 0.018 1.0 0.0 U238RESIDUE 

U238 1.5 U238 1 

PKGSIZ U238RESIDUE 18.2 

DISTKM NMODE=l 3300 

EO F 

PAGE 



3 
RUN DATE: [ 17-SEP-93 AT 14:04:46 ] 

T,RANSPORTATION RISK ANALYSIS FOR CRU 3 LLW TO NTS 90 5 5 

ZONE P 0 PU LAT I ON DENS I T Y 
(PERSONS PER SQ KM) 

RURAL 6 .  
SUBURBAN 719. 
URBAN 3861. 

PACKAGE CHARACTERISTICS 

FOR D IMEN S I ON EFFECTIVE K ( 0 )  
MATERIAL (METERS ) DIMENSION METERS SQ. 

U238 1.820E+01 1.078E+01 4.084E+01 

K ( 0 )  IS TI TO DOSE RATE CONVERSION FACTOR 

PACKAGE HANDLING THRESHOLDS (METERS) 
PKGSZl= 5.000E-01 
PKGSZ2= 1.000E+00 
PACKAGES .LE. PKGSZl ARE HAND CARRIED 
PACKAGES .GT. PKGSZl AND .LE. PKGSZ2 ARE HANDLED BY SMALL EQUIPMENT 
PACKAGES .GT. PKGSZ2 ARE HANDLED BY HEAVY EQUIPMENT 

MATERIAL CHARACTER1 STICS 

FRACTION FRACTION 
MATERIAL OF GAMMA OF NEUTRON 

U238 1.000E+00 O.OOOE+OO 



54.47 

RUN DATE: [ 17-SEP-93 AT 14:04:46 ] 

TRANSPORTATION RISK ANALYSIS FOR CRU 3 LLW TO NTS 90 5 5 

PAGE 

MODE CHARACTERISTICS 

MODE DISTANCE EXCLUSIVE NUMBER OF MATERIALS TRANSPORT PACKAGES/ 
TRAVELED USE S HI PMENTS INDEX (TI) SHIPMENT 

. TRUCK 3.303+03 NO 6.48E+02 
U238 1.80E-02 l.OOE+OO 

BUILDING SHIELDING OPTION= 3 
(l=TOTAL SHIELDING, 2=PARTIAL SHIELDING, 3=NO SHIELDING) 

RPD= 6.000E+00 
(RATIO OF PEDESTRIAN DENSITY (PEDESTRIAN/KM SQ OF SIDEWALK) 
TO POPULATION DENSITY (PEOPLE/KM SQ IN URBAN AREAS) 

RR = l.OOOE+OO 
(TRANSMISSION FACTOR FOR RURAL AREAS) 

RS = 1.000E+00 
(TRANSMISSION FACTOR FOR SUBURBAN AREAS) 

RU = 1.000E+00 
(TRANSMISSION FACTOR FOR URBAN AREAS) a 
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5 

NO 
1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

23 

24 

25 

RUN DATE: [ 17-SEP-93 AT 14:04:46 1 PAGE 

TRANSPORTATION RISK ANALYSIS FOR CRU 3 LLW TO NTS 90 5 5 

DNORML INPUT 
TRUCK 

FRACTION OF TRAVEL 9.000E-01 
IN RURAL POPULATION ZONE 
FRACTION OF TRAVEL 5.000E-02 
IN SUBURBAN POPULATION ZONE 
FRACTION OF TRAVEL 5.000E-02 
IN URBAN POPULATION ZONE 
VELOCITY IN RURAL POPULATION 8.8493+01 
ZONE (KILOMETERS/HOUR) 
VELOCITY IN SUBURBAN POP. ZONE 4.0253+01 
(KILOMETERS/HOUR) 
VELOCITY IN URBAN POPULATION 2.416E+01 
ZONE (KILOMETERS/HOUR) 
NUMBER OF CREWMEN 2.000E+00 

DISTANCE FROM SOURCE TO CREW 1.220E+01 
(METERS ) 
NUMBER OF HANDLINGS 0.000E+00 

1.100E-02 STOP TIME PER KM (HR/KM) 

MINIMUM STOP TIME PER TRIP 0.000E+00 
(HR) 
ZERO STOP TIME PER TRIP (HR) O.OOOE+OO 

MINIMUM NUMBER OF RAIL CLASSIF 0.000E+00 
ICATIONS/INSPECTIONS 
PERSONS EXPOSED WHILE STOPPED 

AVERAGE EXPOSURE DISTANCE 
WHILE STOPPED (METERS ) 
STORAGE TIME PER SHIPMENT 
(HR) 
NUMBER OF EXPOSED PERSONS 
DURING STORAGE 
AVERAGE EXPOSURE DISTANCE 
WHILE IN STORAGE (METERS) 
NUMBER OF PEOPLE PER VEHICLE 
ON LINK 
FRACTION OF URBAN TRAVEL 
DURING RUSH HOUR TRAFFIC 
FRACTION OF URBAN TRAVEL 
ON CITY STREETS 
FRACTION OF RURAL-SUBURBAN 
TRAVEL ON FREEWAYS 
*TRAFFIC COUNT PASSING A 
SPECIFIC POINT-RURAL ZONE 
*TRAFFIC COUNT PASSING A 
SPECIFIC POINT-SUBURBAN ZONE 
*TRAFFIC COUNT PASSING A 
SPECIFIC POINT-URBAN ZONE 

* (ONE WAY VEHICLES/HR) 

4.000E+00 

2.000E+01 

0.000E+00 

1.000E+02 

1.000E+02 

2.000E+00 

8.000E-02 

5.000E-02 

8.500E-01 

4.700E+02 

7.800E+02 

2.800E+03 

000213 



RUN DATE: [ 17-SEP-93 AT 1 4 : 0 4 : 4 6  ] PAGE 

TRANSPORTATION RISK ANALYSIS FOR CRU 3 LLW TO NTS 90  5 5 

ISOTOPE RELATED DATA 

NUCLIDE CUR1 ES RELEASE RESUSP LUNG DISPERS. 1YR INHAL REM/CI 

PER PKG GROUP FACTOR TYPE CATEGORY LUNG MARROW 

U238 
U238 1.50E+00 U238 5 .55E+00  3 1 3 . 5 0 3 + 0 8  6 . 3 0 3 + 0 3  

NUCLIDE HALF GAMMA CLOUD TRANSFER DEPOS 

LIFE ENERGY FACTOR CROPS SOIL SPEED 

U238 
U238 1 . 6 3 3 + 1 2  1.36E-03 1 . 6 5 3 - 0 5  0.00E+00 O.OOE+OO 1.00E-02 

NUCLIDE 50-YR EFFECTIVE REM/CI 

INHALE INGEST 

U238 
U238 2 . 2 0 E t 0 8  2 . 3 0 3 + 0 5  

. !  . i -  
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RUN DATE: [ 17-SEP-93 AT 1 4 : 0 4 : 4 6  ] 

TRANSPORTATION RISK ANALYSIS FOR CRU 3 LLW TO NTS '90 5 5 

RELEASE RELATED DATA 

ACCIDENT RATES (PER KM) 

MODE RURAL SUBURBAN URBAN 
TRUCK 0.000E+00 O.OOOE+OO 0.000E+00 

RELEASE FRACTIONS 

ACCIDENT SEVERITY FRACTIONS 
FOR TRUCK 

OOOZlS 



RUN DATE: [ 17-SEP-93 AT 14:04:46 ] 

TRANSPORTATION R I S K  ANALYSIS FOR CRU 3 LLW TO NTS 90 5 5 

AEROSOLIZED FRACTION OF RELEASED MATERIAL 

FRACTION OF AEROSOLS BELOW 10 MICRONS AED 

PAGE 
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RUN DATE: [ 17-SEP-93 AT 14:04:46 ] PAGE 

TRANSPORTATION RISK ANALYSIS FOR CRU 3 LLW TO NTS 90 5 5 

COST RELATED DATA 

EMERGENCY RESPONSE COST 

ON-SCENE COSTS 
(RF=RELEASE FRACTION) 

RF=O . O.<RF<=.Ol . Ol<RF<=O. 1 . l<RF<=l. 
0 .  0.  0 .  0. 

000297 
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RUN DATE: [ 17-SEP-93 AT 14:04:46 1 

TRANSPORTATION RISK ANALYSIS FOR CRU 3 LLW TO NTS 90 5 5 

DOSE (REM) 
100000.000 
80000.000 
70000.000 
40000.000 
30000.000 
25000.000 
20000.000 
10000.000 
8000.000 
6000.000 
4000.000 
3000.000 
2000.000 
1000.000 
800.000 
700.000 
600.000 
500.000 
400.000 
300.000 
100.000 
75.000 
50.000 
30.000 
15.000 

5.000 
1 . 0 0 0  
0 .100  
0 .010  
0.010 

HEALTH RELATED DATA 

EARLY FATALITY PROBABILITIES 

LUNG- 1 
1.000E+00 
1.000E+00 
1.000E+00 
1.000E+00 
1.000E+00 
1.000E+00 
1.000E+00 
6.000E-01 
1.000E-01 
6.000E-02 
3.000E-02 
0.000E+00 
0.000E+00 
O.OOOE+OO 
O.OOOE+OO 
O.OOOE+OO 
0.000E+00 
O.OOOE+OO 
O.OOOE+OO 
0.000E+00 
0.000E+00 
0.000E+00 
0.000E+00 
O.OOOE+OO 
0.000E+00 
0.000E+00 
0.000E+00 

0.000E+00 
0.000E+00 

0.000E+00 

LUNG-2 
1.000Et00 
8.500E-01 
8.000E-01 
7.000E-01 
5.000E-01 
2.000E-01 
8.000E-02 
O.OOOE+OO 
0.000Et00 
0.000Et00 
0.000E+00 
0.000E+00 
O.OOOE+OO 
0.000E+00 
O.OOOE+OO 
O.OOOE+OO 
O.OOOE+OO 
O.OOOE+OO 
O.OOOE+OO 
0.000Et00 
O.OOOE+OO 
0.000Et00 
O.OOOE+OO 
0.000E+00 
0.000Et00 
0.000Et00 
0.000E+00 
O.OOOE+OO 
0.000Et00 
0.000E+00 

LUNG- 3 
1.000E+00 
8.000E-01 
5.000E-01 
O.OOOE+OO 
O.OOOE+OO 
0.000Et00 
0.000E+00 
O.OOOE+OO 
0.000E+00 
0.000Et00 
0.000Et00 
O.OOOE+OO 
0.000E+00 
0.000Et00 
O.OOOE+OO 
O.OOOE+OO 
0.000E+00 
O.OOOE+OO 
O.OOOE+OO 
0.000E+00 
0.000E+00 
0.000E+00 
O.OOOE+OO 
O.OOOE+OO 
0.000E+00 
0.000Et00 
O.OOOE+OO 
0.000Et00 
0.000E+00 
0.000E+00 

PAGE 

. .  

MARROW 
1.OOOE+OO 
1.000E+00 
1.000E+00 
1.000Et00 
1.000E+00 
1.000E+00 
1.000E+00 
1.000E+00 
1.000Et00 
1.000E+00 
1.000E+00 
1.000E+00 
1.000E+00 
1.000E+00 
9.960E-01 
9.000E-01 
4.000E-01 
5.000E-02 
0.000E+00 
O.OOOE+OO 
0.000E+00 
O.OOOE+OO 
0.000E+00 
O.OOOE+OO 
O.OOOE+OO 
0.000E+00 
0.000E+00 
0.000Et00 
O.OOOE+OO 
0.000E+00 



RUN DATE: [ 17-SEP-93 AT 14:04:46 ] PAGE 
11 

TRANSPORTATION RISK ANALYSIS FOR CRU 3 LLW TO NTS 90 5 5 

DISPERSAL ACCIDENT INPUT 

AREADA DI LUT I ON 
(M SQ) FACTOR* 

* DILUTION FACTOR UNITS ARE (CI-SEC/M**3/CI-RELEASED) 

NON-DISPERSAL ACCIDENT INPUT 

M I S T  (M) 
RURAL SUBURBAN URBAN 

BUILDING DOSE FACTOR = 8.6003-03 
FRACTION OF LAND UNDER CULTIVATION = 5.000E-01 
CONTAMINATION CLEAN UP LEVEL (UCI/M**2) = 2.000E-01 
BREATHING RATE (M**3/SEC) = 3.3003-04 

000219 
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RUN DATE: [ 17-SEP-93 AT 1 4 : 0 4 : 4 6  ] 

12 

TRANSPORTATION RISK ANALYSIS FOR CRU 3 LLW TO NTS 90 5 5 

PAGE 

REGULATORY CHECKS 
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E 5 4  41 
RUN DATE: [ 17-SEP-93 AT 14:04:46 ] 

13 

TRANSPORTATION RISK ANALYSIS FOR CRU 3 LLW TO NTS 90 5 5 

INCIDENT-FREE SUMMARY ******** **** ******* 

INCIDENT-FREE POPULATION EXPOSURE IN PERSON-REM 

PASSENGR CREW HANDLERS OFF LINK ON LINK STOPS STORAGE TOTALS 
LINK 1 O.OOE+OO 2.873-01 O.OOE+OO 1.14E-01 2.60E-01 1.73E-01 O.OOE+OO 
8.34E-01 

TOTALS: O.OOE+OO 2.87E-01 0.00E+00 1.14E-01 2.60E-01 1.73E-01 O.OOE+OO 
8.34E-01 

MAXIMUM INDIVIDUAL IN-TRANSIT DOSE 

LINK 1 1.823-06 REM 

000221 
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a 1 4  
RUN DATE: [ 17-SEP-93 AT 14:04:46 ] 

TRANSPORTATION RISK ANALYSIS FOR CRU 3 LLW TO NTS 90 5 5 

INCIDENT-FREE IMPORTANCE ANALYSIS SUMMARY FOR LINK 1 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

INDEX 

1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 

DESCRIPTION OF PARAMETER 

DISTANCE TRAVELED 
NUMBER OF SHIPMENTS 
PACKAGES PER SHIPMENT 
DOSE RATE (TRANSPORT INDEX) 
K ZERO 
FRACTION OF TRAVEL - RURAL 
NUMBER OF CREW MEMBERS 
FRACTION OF TRAVEL - URBAN 
NUMBER OF PEOPLE PER VEHICLE 
PERSONS EXPOSED WHILE STOPPED 
STOP TIME 
TRAFFIC COUNT - URBAN 
TRAFFIC COUNT - RURAL 
FRACTION OF TRAVEL ON CITY STREETS 
POPULATION DENSITY - URBAN 
FRACTION OF TRAVEL - SUBURBAN 
FRACTION OF RUSH HOUR TRAVEL 
TRAFFIC COUNT - SUBURBAN 
POPULATION DENSITY - SUBURBAN 
POPULATION DENSITY - RURAL 
NUMBER OF HANDLINGS 
EXPOSURE TIME FOR HANDLERS 
PERSONS EXPOSED PER HANDLING 
HANDLER EXPOSURE DISTANCE 
NUMBER OF FLIGHT ATTENDANTS 
STORAGE TIME PER SHIPMENT 
URBAN SHIELDING FACTOR (RU) 
RATIO OF PEDESTRIAN DENSITY (RPD) 
SUBURBAN SHIELDING FACTOR (RS) 
NUMBER OF PERSONS EXPOSED DURING STORAGE 
STORAGE EXPOSURE DISTANCE 
RURAL SHIELDING FACTOR (RR) 
VELOCITY - SUBURBAN 
VELOCITY - URBAN 
FRACTION OF TRAVEL ON FREEWAYS 
EXPOSURE DISTANCE WHILE STOPPED 
DISTANCE FROM SOURCE TO CREW 
VELOCITY - RURAL 

THE IMPORTANCE VALUE ESTIMATES THE PERSON-REM INFLUENCE 
OF A ONE PERCENT INCREASE IN THE PARAMETER 
EO1 

PAGE 

IMPORTANCE 

8.337E-03 
8.3373-03 
8.337E-03 
8.3373-03 
8.3373-03 
3.212E-03 
2.8713-03 
2.6193-03 
2.5963-03 
1.7293-03 
1.7293-03 
1.2293-03 
1.0263-03 
9.8123-04 
9.4 97E-04 
7.7683-04 
6.6583-04, 
3.4153-04 
1.7073-04 
2.004E-05 
O.OOOE+OO 
0. OOOE+OO 
O.OOOE+OO 
0.000Et00 
O.OOOE+OO 
O.OOOE+OO 
O.OOOE+OO 
0.000E+00 , 

O.OOOE+OO 
O.OOOE+OO 
O.OOOE+OO 
O.OOOE+OO 

-7.9413-04 
-2.3053-03 
-2.623E-03 
-3.4583-03 
-5.7413-03 
-6.1053-03 

END OF RUN 0 
000222 



B.6.2 Transportation Accident 
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RUN DATE: i 14-JUL-93 AT 0 9 : 3 0 : 5 4  ] 

RRRR AAA DDDD TTTTT RRRR AAA N N 
R R A  A D  D T R R A  A N N N  
R R A  A D  D T R R A  A N N N  
RRRR A A D D T RRRR A A N NN 
R R  A A A A A D  D T R R  A A A A A N N  
R R  A A D  D T R R  A A N  N 
R R A A DDDD T R R A - A  N N 

4 
4 4  
4 4  
4 4 4 4 4  

4 
4 
4 

RADTRAN 4 . 0 . 1 3  VERSION DATE: OCTOBER 2 7 , 1 9 9 2  

MODE DESCRIPTIONS 

NUMBER 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 

NAME 
TRUCK 
RAIL 
BARGE 
S H I P  
CARGO A I R  
PASS A I R  
P-VAN 
CVAN-T 
CVAN-R 
CVAN-CA 

CHARACTER1 ZATION 
LONG HAUL VEHICLE 
COMMERCIAL TRAIN 
INLAND VESSEL 
OPEN SEA VESSEL 
CARGO AIRCRAFT 
PASSENGER AIRCRAFT 
PASSENGER VAN 
COMMERCIAL VAN 
COMMERCIAL VAN 
COMMERCIAL VAN 

PAGE 1 
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RUN DATE: [ 14-JUL-93 AT 0 9 ~ 3 0 ~ 5 4  ] PAGE 2 

ECHO CHECK 

TITLE ACCIDENT SCENARIO ... U238 
FORM UNIT 
DIMEN 3 4  8 1 5 5 
PARM 1 2  3 3 1 
PACKAGE LXBGRP A 
SHIPMENT LABIS0 U238 TH234 PA234t U234 TH230 W 2 6  RN222 PO218 PB214 
BI214 PO214 U235 P A 2 3 1  TH232 W 2 8  AC228 TH228 W 2 4  RN220 PO216 
PB212 BI212 PO212 TL208 U236 U233 NP237 PU238 PU239 CS137 BA137m 
TC99 SR90 Y90 
NORMAL FTZNR NMODE=l .90  

FTZNS NMODE=l . 0 5  
FTZNU NMODE=l . 0 5  
PDST NMODE 1 4 

ACCIDENT ARATMZ NMODE=l 1.4023-7 2.681E-6 1.5993-5 
DEFINE U238 1 . 6 4 3 1 2  .0011 1.6053-05 1 . 1 7 5 E t 0 8  9 .465Et05  -0 

DEFINE TH234 

DEFINE PA234t 

DEFINE U234 

DEFINE TH230 

DEFINE FA226 

. DEFINE RN222 

DEFINE PO218 

DEFINE PB214 

DEFINE BI214 

DEFINE PO214 

DEFINE U235 

DEFINE, P A 2 3 1  

DEFINE TH232 

DEFINE FW28 

DEFINE AC228 

DEFINE TH228 

DEFINE W 2 4  

DEFINE RN220 

0 . 0  1.8E-3 
1 .64312  .009  
0 . 0  1.8E-3 
1 . 6 4 3 1 2  .0109 
0 . 0  1.8E-3 
9 . 1 3 3 7  .0014 
0 . 0  1.8E-3 
2 .9237 .0013 
0 . 0  1.8E-3 
5 . 8 4 3 5  . l o 6 5  
0 . 0  1.8E-3 
5 . 8 4 3 5  0 .009  
0 . 0  1.8E-3 
5 . 8 4 3 5  0 . 0  

5 . 8 4 3 5  0.248 
0 . 0  1.8E-3 
5 .84E5  1 . 4 8 6  
0 . 0  1.8E-3 
5 . 8 4 3 5  0 . 0  
0 . 0  1.8E-3 
2 .59E11  .1519 
0 . 0  1.8E-3 
1 .17E7 .0348 
0 . 0  1.8E-3 
5 . l l E 1 2  . 0 0 1 1  
0 . 0  1.8E-3 
2 .12E3 0 .0  
0 . 0  1.8E-3 
2 .12E3  .8865 
0 . 0  1.8E-3 
697 .0029 
0 . 0  1.8E-3 
697 .0098 
0 . 0  1.8E-3 
697 0 . 0  

0 . 0  1.. 8E-3 

3 

1 

1 

3 

3 

3 

1.183E-03 

2.391E-03 

2.3663-05 

5.9933-05 

1.059E-03 

6.120E-05 
1 

1 
O.OOOE+OO 

3.9003-02 
1 

2.556E-01 
1 

1.370E-05 
1 

3 

3 

3 

2 

1 

3 

1 

2.3813-02 

4.693E-03 

2.867E-05 

1.012E-11 

1.519E-01 

3.041E-04 

1.573E-03 

8.276E-05 

9 .773Et08  2.875Ei-05 
3 .597Et04  1 .367Et04  
2.435E+05 8.927Et02 

4.030E+01 2.1533-01 
1 . 3 2 1 E t 0 8  1 .051Et06  
1.099E+09 2.5763+05 
2 .518Et08  5.2493+05 
1 .079Et09  2.4623+08 
8.911E+06 1 .311Et06  
6 .080Et07  2.5543+06 
2.942E+03 6.6023+04 
5 .110Et03  8.599Et02 

8 . 7 6 1 E t 0 1  3.760E+01 
8 .674Et03  4.646Et02 
4.636E+02 7 .630Et02  
1 .164Et04  2 .904Et02  
4 .347Et02  7 .684EtOl  
1.677E-03 2.6853-05 
4.181E-08 2.387E-06 
1.223E+08 1 .004Et06  
1.017E+09 2 .656Et05  
4.84 6E+08 5.0323+06 
1 . 8 6 8 E t 0 9  5 .045Et08  
3 .629Et08  4.7753+05 
1.987E+09 2 .493Et08  
2.456E+06 6 .983Et05  
1 .285Et07  1 .332Et06  
8.687E+04 1 .676Et03  
6.744E+05 1 .073Et04  
2.5483+08 1 .890Et05  
1.997E+09 2.8903+07 
3 .539Et06  4 .168Et05  
2.700E+07 4 .786Et05  
3.585E+02 9 .304Et01  

5.554E+00 9 .310Et00  

3.042E+03 7-. 5453+01 

. o  

. o  

. o  

. o  

. o  

. o  

- 0  

. o  

. o  

. o  

. o  

. o  

. o  

. o  

. o  

. o  

. o  

. o  



RUN DATE: [ 14-JUL-93 AT 09:30:54  ] 

ACCIDENT SCENARIO . . .  U238 

PAGE' 3 

0 . 0  1.8E-3 
DEFINE PO216 697 0 . 0  

0 . 0  1.8E-3 
DEFINE PB212 697 .1479 

0 . 0  1.8E-3 
DEFINE BI212 697 .1162 

0 . 0  1.8E-3 
DEFINE PO212 697 0 . 0  

0 .0  1.8E-3 
DEFINE TL208 697 3.3667 

0 . 0  1.8E-3 
DEFINE U236 8.54E9 .0013 

0 . 0  1.8E-3 

1 

1 

1 

1 

1 

2.381E-06 

2.289E-02 

3.025E-02 

O.OOOE+OO 

6.247E-01 
1 

3 
1.8713-05  

DEFINE U233 5.80E7 .0005 3.672E-05 

DEFINE NP237 7 .8138  .0313 3.520E-03 

DEFINE PU238 3.20E4 .0016 1.3763-05 

DEFINE PU239 8 .8136  .0006 1.268E-05 

DEFINE CS137 l . l O E 4  0 . 0  O.OOOE+OO 

DEFINE BA137m l . lOE4 .5978 9.6403-02 

DEFINE TC99 7.77E7 0 . 0  8.0863-08 

DEFINE SR90 1.04E4 0 . 0  O.OOOE+OO 

DEFINE Y90 1.04E4 0 . 0  0.000E+00 

RELEASE RFRAC GROUP=l 0 . 0  0 . 0 1  0 .02  

EOF 
ISOTOPES 1 648 1 9  0 .018  1 . 0  0 . 0  H i A c t  
U238 6.363-2 A 5 
TH234 6.363-2 A 5 
P A 2 3 4 t  6.36E-2 A 5 
U234 6.36E-2 A 5 
TH230 1.14E-3 A 5 
RA226 1.36E-4 A 5 
RN222 1.363-4 A 5 
PO218 1.363-4 A 5 
PB214 1.363-4 A 5 
BI214 1.363-4 A 5 
PO214 1.36E-4 A 5 
U235 3.723-3 A 5 
PA231 3.72E-3 A 5 
TH232 1.14E-4 A 5 
W 2 8  5.45E-5 A 5 
AC228 5.45E-5 A 5 
TH228 1 .773-4  A 5 
W 2 4  1 .773-4  A 5 
RN220 1.77E-4 A 5 
PO216 1.77E-4 A 5 
PB212 1 .773-4  A 5 
BI212 1.77E-4 A 5 

0 . 0  1.8E-3 3 

0 . 0  1.8E-3 3 

0 . 0  1.8E-3 3 

0 .0  1.8E-3 3 

0 . 0  1.8E-3 2 

0 . 0  1.8E-3 2 

0 . 0  1.8E-3 2 

0 . 0  1.8E-3 2 

0 . 0  1.8E-3 2 

PSPROB 0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  1 . 0  

-1.9313+03 
2.310E+00 
1.840E+01 
1 .7043+05 
7.320E+05 
3.448E+04 
2.713E+05 
3.576E-06 
2.980E-05 
9.601E+00 
6.580E+01 
1.250E+08 
1.040E+09 

1.1893+02 
1.9393-01 . o  
1.2583-01 
4.4663+04 . o  
1.103E+05 
1.0543+03 . o  
2.  I73E+02 
5.502E-08 . o  
1.2973-17 
1.939E+01 . o  
1.345E+00 
9.9483+05 . o  
2.433E+05 

1.337E+08 1.0633+06 . o  
1.112E+09 2.5923+05 
4 . 9 0 7 ~ 0 8  4.006E+06 . o  
7.065E+07 6.932E+08 
3.178E+08 3.8533+06 . o  
1.1833+09 2.5413+08 
3.4163+08 4.310E+06 .o 
1.194E+09 2.8483+08 
3.0993+04 4.606E+04 . o  
3.2623+04 2.901E4-04 
1.125E+00 2 a 550E+00 . o  
7.201E+00 2.177E-01 
8.3913+03 1.4463+03 . o  
6.2453+04 1.548E+02 
2.2223+05 1 .304Et05  . o  
1.352E+04 1.144E+06 
9.413E+03 1 .074Et04  . o  
4.1763+04 5.750E+01 
0.04 0 .08  0 .16  . 3 2  .64  

000226 



PO212 1.14E-4 
TL208 6.36E-5 
U236 4.00E-3 
U233 1.77E-2 
NP237 6.36E-5 
PU238 3.54E-5 
PU239 6.81E-4 
CS137 1.14E-4 

TC99 8.58E-3 
SR90 1.00E-4 
Y90 1.00E-4 
DISTKM NMODE=l 
PKGSIZ HiAct 0 
ISOTOPES 1 648 
U238 3.183-3 
TH234 3.183-3 
PA234t 3.18E-3 
U234 3.18E-3 
TH230 5.68E-5 
RA226 6.81E-6 
EUi222 6.813-6 
PO218 6.81E-6 
PB214 6.81E-6 
BI214 6.81E-6 
PO214 6.81E-6 
U235 1.86E-4 
PA231 1.86E-4 

BA137m 1.14E-4 

A 5  
A 5  
A 5  
A 5  
A 5  
A 5  
A 5  
A 5  
A 5  
A 5  
A S  
A 5  
3300 
8 
19 0.018 1.0 0 .0  LoAct 
A 5  
A 5  
A 5  
A 5  
A 5  
A 5  
A S  
A 5  
A S  
A 5  
A 5  
A 5  
A 5  

000227 



RUN DATE: [ 14-JUL-93 AT 09:30:54  ] 

ACCIDENT SCENARIO ... U238 

TH232 5.683-6 A 5 
W 2 8  2.12E-6 A 5 
AC228 2.123-6 A 5 
TH228 8.853-6 A 5 
RA224 8.853-6 A 5 
RN220 8.853-6 A 5 
PO216 8.85E-6 A 5 
PB212 8.853-6 A 5 
BI212 8.853-6 A 5 
PO212 5.683-6 A 5 
TL208 3.183-6 A 5 
U236 2.003-4 A 5 
U233 8.853-4 A 5 
NP237 3.183-6 A 5 
PU238 1.773-6 A 5 
PU239 3.403-5 A 5 
CS137 5.683-6 A 5 
BA137m 5.683-6 A 5 
DISTKM NMODE=l 3300 
PKGSIZ LoAct 0 . 8  
EOF 

PAGE 4 
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ZONE 

RURAL 
SUBURBAN 
URBAN 

RUN DATE: [ 14-JUL-93 AT 09:30:54 ] 

ACCIDENT SCENARIO ... U238 

POPULATION DENSITY 
(PERSONS PER SQ KM) 

6. 
719. 
3861. 

PACKAGE CHARACTERISTICS 

FOR DIMENS ION EFFECTIVE K(O) 
MATERIAL (METERS ) DIMENS ION METERS SQ. 

HiAct 8.000E-01 8.000E-01 1.960E+00 
LoAct 8.000E-01 8.000E-01 1.960E+00 

K ( 0 )  IS TI TO DOSE RATE CONVERSION FACTOR 

PAGE 5 

PACKAGE HANDLING THRESHOLDS (METERS ) 
PKGSZ1= 5.000E-01 
PKGSZ2= 1.000E+00 
PACKAGES .LE. PKGSZl ARE HAND CARRIED 
PACKAGES .GT. PKGSZl AND .LE. PKGSZ2 ARE HANDLED BY SMALL EQUIPMENT 
PACKAGES .GT. PKGSZ2 ARE HANDLED BY HEAVY EQUIPMENT 

MATERIAL CHARACTER1 STI CS 

FRACTION FRACTION 
OF GAMMA OF NEUTRON MATERIAL 

HiAct 1.000E+00 0.000E+00 
1.000E+00 0.000E+00 LoAct 

000229 
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RUN DATE: [ 14-JUL-93 AT 09:30:54 ] 

ACCIDENT SCENARIO . . .  U238 

\ 

PAGE 6 

MODE CHARACTERISTICS 

MODE DISTANCE EXCLUSIVE NUMBER OF MATERIALS TRANSPORT PACKAGES/ 
TRAVELED USE SHI PMENT S INDEX (TI) SHIPMENT 

TRUCK. 3.30E+03 NO 6.48E+02 ' 

HiAct 1.80E-02 1.90E+01 
LoAct 1.80E-02 1.90E+01 

BUILDING SHIELDING OPTION= 3 
(l=TOTAL SHIELDING, 2=PARTIAL SHIELDING, 3=NO SHIELDING) 

RPD= 6.000E+00 
(RATIO OF PEDESTRIAN DENSITY (PEDESTRIAN/KM SQ OF SIDEWALK) 
TO POPULATION DENSITY (PEOPLE/KM SQ IN URBAN AREAS) 

RR = 1.000EtOO 
(TRANSMISSION FACTOR FOR RURAL AREAS) 

RS = 1.000E+00 
(TRANSMISSION FACTOR FOR SUBURBAN ARmS) 

- 

RU = 1.000E+00 
(TRANSMISSION FACTOR FOR URBAN AREAS) e 
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NO 
1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

23 

24 

25 

RUN DATE: [' 14-JUL-93 AT 09:30:54 ] 

ACCIDENT SCENARIO.. . U238 

DNORML INPUT 
TRUCK 

FRACTION OF TRAVEL 9.000E-01 
IN RURAL POPULATION ZONE 
FRACTION OF TRAVEL 5.000E-02 
IN SUBURBAN POPULATION ZONE 
FRACTION OF TRAVEL 5.000E-02 
IN URBAN POPULATION ZONE 
VELOCITY IN RURAL POPULATION 8.849Et01 
ZONE (KILOMETERS/HOUR) 
VELOCITY IN SUBURBAN POP. ZONE 4.025E+01 
(KILOMETERS/HOUR) 
VELOCITY IN URBAN POPULATION 2.416E+01 
ZONE (KILOMETERS/HOUR) 
NUMBER OF CREWMEN 2.000Et00 

DISTANCE FROM SOURCE TO CREW 3.100E+00 
(METERS 1 
NUMBER OF HANDLINGS 0.000Et00 

STOP TIME PER KM (HR/KM) 1.100E-02 

MINIMUM STOP TIME PER TRIP 0.000Et00 
(HR) 
ZERO STOP TIME PER TRIP (HR) O.OOOE+OO 

MINIMUM NUMBER OF RAIL CLASSIF 0.000Et00 
ICATIONS/INSPECTIONS 
PERSONS EXPOSED WHILE STOPPED 

AVERAGE EXPOSURE DISTANCE 
WHILE STOPPED (METERS ) 
STORAGE TIME PER SHIPMENT 
(HR) 
NUMBER OF EXPOSED PERSONS 
DURING STORAGE 
AVERAGE EXPOSURE DISTANCE ~ 

WHILE IN STORAGE (METERS) 
NUMBER OF PEOPLE PER VEHICLE 
ON LINK 
FRACTION OF URBAN TRAVEL 
DURING RUSH HOUR TRAFFIC 
FRACTION OF URBAN TRAVEL 
ON CITY STREETS 
FRACTION OF RURAL-SUBURBAN 
TRAVEL ON FREEWAYS 
*TRAFFIC COUNT PASSING A 
SPECIFIC POINT-RURAL ZONE - 
*TRAFFIC COUNT PASSING A 
SPECIFIC POINT-SUBURBAN ZONE 
*TRAFFIC COUNT PASSING A 
SPECIFIC POINT-URBAN ZONE 

(ONE WAY VEHICLES/HR) 

4.000Et00 

2.000Et01 

0.000E+00 

1.000Et02 

1.0OOE+02 

2.000E+00 

8.000E-02 

'5.000E-02 

8.500E-01 

4.700Et02 

7.800Et02 

2.800E+03 
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NUCLIDE 

HiAct 
U238 
TH234 
PA234t 
U234 
TH230 
W 2  6 
m222 
PO2 18 
PB214 
BI214 
PO214 
U235 
PA231 
TH232 
RA22 8 
AC2 2 8 
TH22 8 
RA224 
RN220 
PO216 
PB2 12 
B12 12 
PO212 
TL208 
U236 
U233 
NP237 
PU2 3 8 
PU2 3 9 
CS137 
BA137m 
TC99 
SR90 
Y90 

LoAct 
U238 
TH234 
PA234t 
U234 
TH230 
RA22 6 
RN222 
PO2 18 
PB2 14 
BI214 
PO2 14 
U235 
PA231 
TH232 
W 2 8  

.i. ; .:+ 

CURIES 
PER PKG 

6.363-02 
6.363-02 
6.36E-02 
6.36E-02 
1.14E-03 
1.36E-04 
1.3 6E-04 
1.36E-04 
1.363-04 
1.36E-04 
1.36E-04 
3.72E-03 
3.72E-03 
1.14E-04 
5.45E-05 
5.453-05 
1.773-04 
1.77E-04 
1.773-04 
1.773-04 
1.77E-04 
1.773-04 
1.14E-04 
6.36E-05 
4.00E-03 
1.77E-02 
6.363-05 
3.543-05 
6.81E-04 
1.14E-04 
1.14E-04 
8.583-03 
1.00E-04 
1.00E-04 

3.18E-03 
3.18E-03 
3.18E-03 
3.18E-03 
5.68E-05 
6.81E-06 
6.81E-06 
6.81E-06 
6.81E-06 
6.81E-06 
6.81E-06 
1.86E-04 
1.863-04 
5.683-06 
2.72E-06 

RUN DATE: [ 14-JUL-93 AT 09:30:54 ] 

ACCIDENT SCENARIO ... U238 

ISOTOPE RELATED DATA 

R E L W  E 
GROUP 

A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 

A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 

. . :  

RESUS P 
FACTOR 

1.82E+00 
1.82Et00 
1.82E+00 
1.82E+00 
1.82E+00 
1.82E+00 
1.82EtOO 
1.82E+00 
1.82Et00 
1.82EtOO 
1.82Et00 
1.82Et00 
1.82Et00 
1.82E+00 
1.70Et00 
1.70Et00 
1.54E+00 
1.54E+00 
1.54E+00 
1.54E+00 
1.54E+00 
1.54E+00 
1.54E+00 
1.54E+00 
1.82Et00 
1.82E+00 
1.82E+00 
1.81Et00 
1.82E+00 
1.79Et00 
1.79Et00 
1.82Et00 
1.79Et00 
1.79E+00 

1.82Et00 
1.82Et00 
1.82E+00 
1.82Et00 
1.82Et00 
1.82Et00 
1.82Et00 
1.82E-l-00 
1.82Et00 
1.82E-l-00 
1.82Et00 
1.82Et00 
1.82Ei-00 
1.82E+00 
1.70E+00 

LUNG 
TYPE 

3 
1 
1 
3 
3 
3 
1 
1 
1 
1 
1 
3 
3 
3 
2 
1 
3 
1 
1 
1 
1 
1 
1 
1 
3 
3 
3 
3 
3 
2 
2 
2 
2 
2 

3 
1 
1 
3 
3 
3 
1 
1 
1 
1 
1 
3 
3 
3 
2 

i ' la 54.47, 
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DISPERS. 1YR INHAL REM/CI 
CATEGORY LUNG MARROW 

5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 

5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 

9.77E+08 2.88Et05 
2.443+05 8.933+02 

l.lOE+09 2.58E+05 
1.08E+09 2.463+08 
6.083+07 2.55E+06 
5.11E+03 8.603+02 
8.76Et01 3.763+01 

4.03E+01 2.15E-01 

4.64E+02 7.633+02 
4.35E+02 7.683+01 
4.18E-08 2.393-06 
1.02E+09 2.66E+05 
1.873+09 5.053+08 . 
1.99Et09 2.493+08 
1.293+07 1.333+06 
6.743+05 1.07E+04 
2.00E+09 2.893+07 
2.70E+07 4.793+05 
1.933+03 1.19E+02 
1.84E+01 1.26E-01 
7.32E+05 1.10E+05 
2.713+05 2.173+02 
2.983-05 1.30E-17 
6.58E+01 1.35E+00 
1.04Et09 2.433+05 
l.llE+09 2.59E+05 
7.07Et07 6.93E+08 
1.18E+09 2.54E+08 
1.19E+09 2.85E+08 
3.263+04 2.90E+04 
7.20E+00 2.18E-01 
6.25E+04 1.55E+02 
1.35E+04 1.14E+06 
4.183+04 5.75Et01 

9.773+08 2.88E+05 
2.44E+05 8.93E+02 
4.03E+01 2.15E-01 
l.lOE+09 2.58E+05 
1.08E+09 2.463+08 
6.08Et07 2.55Et06 
5.llE+03 8.60E+02 
8.763+01 3.76EtOl 
4.64E+02,7.63E+02 
4.35E-l-02 7.68Et01 
4.18E-08 2.393-06 
1.02E+09 2.663+05 
1.873+09 5.053+08 
1.993+09 2.493+08 
1.29E+07 1.33Et06 

000232 .- 



AC228 
TH228 
RA224 
m 2 2  0 
PO2 16 
PB212 
BI212 
PO212 
TL2 0 8 
U236 
U233 
NP237 
PU2 3 8 
PU2 3 9 
CS137 
BA137m 

2.72E-06 
8.85E-06 
8.85E-06 
8.85E-06 
8.85E-06 
8.85E-06 
8.85E-06 
5.68E-06 
3.18E-06 
2.00E-04 
8.85E-04 
3.18E-06 
1.77E-06 
3.40E-05 
5.68E-06 
5.68E-06 

A 1.70Ei-00 
A 1.54E+00 
A 1.54E+00 
A 1.54E+00 
A 1.54Ei-00 
A 1.54E+00 
A 1.54E+00 
A 1.54E+00 
A 1.54E+00 
A 1.82E+00 
A 1.82E+00 
A 1.82E+00 
A 1.81E+00 
A 1.82E+00 
A 1.79E+00 
A 1.79E+00 

- 
3 
1 
1 
1 
i 
1 
1 
1 
3 
3 
3 
3 
3 
2 
2 

5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 

6.74E+05 1.07E+04 
2.00E+09 2.893+07 
2.703+07 4.793+05 
1.93E+03 1.19E+02 
1.84E+01 1.26E-01 
7.32E+05 l.lOE+05 
2.71E+05 2.17E+02 
2.98E-05 1.30E-17 
6.58E+01 1.35E+00 
1.04E+09 2.433+05 
l.llE+09 2.593+05 
7.073+07 6.933+08 
1.18E+09 2.543+08 
1.19E+09 2.85Ei-08 
3.263+04 2.90E+04 
7.20E+00 2.18E-01 

. .  
: I ?  . .  000233 



g- 54.47 

NUCLIDE 

HiAct 
U238 
TH234 
PA234t 
U234 
TH2 3 0 
RA226 
RN222 
PO2 18 
PB214 
BI214 
PO2 14 
U235 
PA231 
TH232 
RA228 
AC2 2 8 
TH22 8 
RA224 
RN220 
PO216 
PB2 12 
BI212 
PO2 12 
TL208 
U236 
U233 
NP237 
PU238 
PU2 3 9 
CS137 
BA137m 
TC99 
SR90 
Y90 

LoAct 
U238 
TH2 3 4 
PA234t 
U234 
TH2 3 0 
RA226 
RN222 
PO2 18 
PB214 
BI214 
PO2 14 
U235 
PA231 
TH232 
W 2 8  

HALF 
LIFE 

RUN DATE: [ 14-JUL-93 AT 09:30:54 ] 

ACCIDENT SCENARIO ... U238 

GAMMA 
ENERGY 

1.10E-03 
9.00E-03 
1.09E-02 
1.40E-03 
1.30E-03 
1.06E-01 
9.00E-03 
O.OOE+OO 
2.48E-01 
1.49E+00 
O.OOE+OO 
1.52E-01 
3.483-02 
1.10E-03 
O.OOE+OO 
8.87E-01 
2.90E-03 
9.80E-03 
O.OOE+OO 
O.OOE+OO 
1.48E-01 
1.16E-01 
O.OOE+OO 
3.37E+00 
1.30E-03 
5.00E-04 
3.13E-02 
1.60E-03 
6.00E-04 
O.OOE+OO 
5.98E-01 
O.OOE+OO 
0.00E+00 
O.OOE+OO 

1.10E-03 
9.00E-03 
1.09E-02 
1.40E-03 
1.30E-03 
1.06E-01 
9.00E-03 
O.OOE+OO 
2.48E-01 
1.49E+00 
O.OOE+OO 
1.52E-01 
3.48E-02 
1.10E-03 
O.OOE+OO 

CLOUD 
FACTOR 

1.60E-05 
1.18E-03 
2.393-03 
2.373-05 
5.993-05 
1.06E-03 
6.12E-05 
O.OOE+OO 
3.90E-02 
2.56E-01 
1.373-05 
2.38E-02 
4.693-03 
2.873-05 
1.01E-11 
1.52E-01 
3.04E-04 
1.573-03 
8.283-05 
2.38E-06 
2.293-02 
3.02E-02 
O.OOE+OO 
6.25E-01 
1.873-05 
3.673-05 
3.52E-03 
1.38E-05 
1.273-05 
0. OOE+OO 
9.643-02 
8.09E-08 
O.OOE+OO 
0.00E+00 

1.60E-05 
1.18E-03 
2.393-03 
2.37E-05 
5.99E-05 
1.06E-03 
6.12E-05 
O.OOE+OO 
3.90E-02 
2.56E-01 
1.37E-05 
2.38E-02 
4.693-03 
2.873-05 
1.01E-11 

TRAN 
CROPS 

IS FER 
SOIL 

PAGE . 9 

DEPOS 
SPEED 

1.80E-03 
1.80E-03 
1.80E-03 
1.80E-03 
1.80E-03 
1.80E-03 
1.80E-03 
1.80E-03 
1.80E-03 
1.80E-03 
1.80E-03 
1.80E-03 
1.80E-03 
1.80E-03 
1.80E-03 
1.80E-03 
1.80E-03 
1.80E-03 
1.80E-03 
1.80E-03 
1.80E-03 
1.80E-03 
1.80E-03 
1.80E-03 

1.80E-03 
1.80E-03 
1.80E-03 
1.80E-03 
1.80E-03 
1.80E-03 
1.80E-03 
1.80E-03 
1.80E-03 

1.. 80E-03 

1.80E-03 
1.80E-03 
1.80E-03 
1.80E-03 
1.80E-03 
1.80E-03 
1.80E-03 
1.80E-03 
1.80E-03 
1.80E-03 
1.80E-03 
1.80E-03 
1.80E-03 
1.80E-03 
1.80E-03 

. I  

... , . 
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AC228 
TH228 
W 2  4 
m 2 2  0 
PO2 16 
PB212 
81212 
PO212 
TL2 0 8 
U236 
U233 
NP237 
PU238 
PU2 3 9 
CS137 
BA137m 

2.12E+03 
6.57E+02 
6.57E+02 
6.97E+02 
6.97Et02 
6.97E+02 
6.97Et02 
6.97E+02 
6.97E+02 
8.54E+09 
5.80Et07 
7.81Et08 
3.20Et04 
8.81Et06 
1.10Et04 
1.10Et04 

8.87E-01 
2.50E-03 
9.80E-03 
O.OOE+OO 
0. OOE+OO 
1.48E-01 
1.16E-01 
O.OOE+OO 
3.37E+00 
1.30E-03 
5.00E-04 
3.13E-02 
1.60E-03 
6.00E-04 
0.00Et00 
5.983-01 

1.52E-01 
3.04E-04 
1.57E-03 
8.28E-05 
2.38E-06 
2.29E-02 
3.02E-02 
O.OOE+OO 
6.25E-01 
1.87E-05 
3.673-05 
3.523-03 
1.383-05 
1.27E-05 
O.OOE+OO 
9.64E-02 

O.OOE+OO 
0.00Et00 
O.OOE+OO 
0.00Et00 
O.OOE+OO 
O.OOE+OO 
O.OOE+OO 
O.OOE+OO 
O.OOE+OO 
0.00Et00 
O.OOE+OO 
0.00Et00 
O.OOE+OO 
O.OOE+OO 
O.OOE+OO 
0.003+00 

1.80E-03 
1.80E-03 
1.80E-03 
1.80E-03 
1.80E-03. 
1.80E-03 
1.80E-03 
1.80E-03 
1.80E-03 
1.80E-03 
1.80E-03 
1.80E-03 
1.80E-03 
1.80E-03 
1.80E-03 
1.80E-03 

000235 



RUN DATE: [ 14-JUL-93 AT 09:30:54 ] 

ACCIDENT SCENARIO ... U238 

ISOTOPE RELATED DATA 

NUCLIDE 50-YR EFFECTIVE REMICI 
INHALE INGEST 

HiAct 
U238 
TH234 
PA234t 
U234 

TH230 
RA22 6 
RN222 
PO2 18 
PB214 
BI214 
PO2 14 
U235 
PA231 
TH232 
RA228 
AC22 8 
TH228 
RA22 4 
m220 
PO2 16 
PB212 
BI212 
PO212 
TL208 
U236 
U233 
NP2 3 7 
PU2 3 8 
PU2 3 9 
CS137 
BA13 7m 
TC99 
SR90 
Y90 

LoAct 
U238 

TH234 
PA234t 
U234 

TH2 3 0 
W 2 6  
RN222 
PO2 18 
PB214 
BI214 
PO214 
U235 
PA231 
TH232 
W 2 8  

9.47E+05 

1.05E+06 
5.25Et05 
1.31E+06 
6.60E+04 
7.55E+01 
4.65E+02 
2.90E+02 

1.00E+06 
5.03Et06 
4.78Et05 
6.98E+05 

1.37E+04 
9.31E+00 

2.68E-05 
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AC228 
TH22 8 
RA224 
RN220 
PO2 1 6  
PB212  
B I 2 1 2  
PO212 
T L 2 0 8  

U236 
U 2 3 3  

NP237  
PU2 3 8 
PU2 3 9 
C S 1 3 7  

BA13 7 m  

e 54 4%' 
1 . 6 8 E + 0 3  
1 . 8 9 E + 0 5  
4 .17E+G5 
9 . 3 0 E + 0 1  
1 . 9 4 E - 0 1  
4 .47E+04  
1 . 0 5 E + 0 3  
5 .50E-08  
1 . 9 4 E + 0 1  
9 .95Ei .05  
1 . 0 6 E + 0 6  
4 . 0 1 E + 0 6  
3 . 8 5 E + 0 6  
4 .31E+06  
4 .61E+04 
2 .55E+00  



RUN DATE: [ 14-JUL-93 AT 0 9 : 3 0 : 5 4  1 

ACCIDENT SCENARIO . . .  U238 

PAGE 11 

XELEASE RELATED DATA 

ACCIDENT RATES (FER KM) 

MODE RU R7U SUBURBAN URBAN 
TRUCK 1 . 4 0 2 E - 0 7  2 . 6 8 1 E - 0 6  1 .599E-05  

L" 

RELEASE FRACTIONS 

GROUP SEVER: 1 SEVER: 2 SEVER: 3 SEVER: 4 SEVER: 5 SEVER: 6 SEVER: 7 

GROUP SEVER: 8 

1 O.OOE+OO 1 .00E-02  2 .00E-02 4.00E-02 8 . 0 0 E - 0 2  1 .60E-01  3 . 2 0 E - 0 1  

1 6 . 4 0 E - 0 1  

ACCIDENT SEVERITY FRACTIONS 
,FOR TRUCK 

.ZONE SEVER: 1 SEVER: 2 SEVER: 3 SEVER: 4 SEVER: 5 SEVER: 6 SEVER: 7 
1 4 , 6 2 3 - 0 1  3 . 0 2 E - 0 1  1 .76E-01  4 .03E-02 1 . 1 8 E - 0 2  6 .47E-03 5 .713-04  

4 . 3 5 E - 0 1  2 .85E-01  2 . 2 1 E - 0 1  5 .063-02  6 . 6 4 3 - 0 3  1 . 7 4 3 - 0 3  6 . 7 2 3 - 0 5  
5 . 8 3 E - 0 1  3 . 8 2 E - 0 1  2 .78E-02 6 .36E-03 7 . 4 2 E - 0 4  1 . 4 6 3 - 0 4  1 . 1 3 E - 0 5  

SEVER: 8 

0 . :  
ZONE 

1 1 .13E-04  
2 5 . 9 3 E - 0 6  
3 9 .94E-07  

. .  '. . 
_ . a .  .I . , 
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DISP CAT 
1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 

DISP CAT 
1 
2 
3 
4 
5 
6 
7 
8 
9 

1 0  
11 

F- * 54.41  
RUN DATE: [ 14-JUL-93 AT 09:30:54 ] PAGE 12 

ACCIDENT SCENARIO ... U238 

SEVER: 1 
O.OOE+OO 
1.00E+00 
1.00E-02 
5.00E-02 
1.00E-01 
1.00E+00 
1.00E+00 
1.00E+00 
1.00E+00 
1.00E+00 
1.00E+00 

AEROSOLIZED FRACTION OF RELEASED MATERIAL 

SEVER: 8 
O.OOE+OO 
1.00E+00 
1.00E-02 
5'. 00E-02 
1.00E-01 
1.00E+00 
1.00E+00 
1.00E+00 
1.00E+00 
1.00E+00 
1.00E+00 

SEVER: 2 
O.OOE+OO 
1.00E+00 
1.00E-02 
5.00E-02 
1.00E-01 
.1.00E+00 
1.00E+00 
1.00E+00 
1.00E+00 
1.00E+00 
1.00E+00 

SEVER: 3 
O.OOE+OO 
1.00E+00 
1.00E-02 
5.00E-02 
1.00E-01 
1.00E+00 
1.00E+00 
l.OOE+OO 
1.00E+00 
1.00E+00 
1.00E+00 

SEVER: 4 
0.00E+00 
1.00E+00 
1.00E-02 
5.00E-02 
1.00E-01 
1.00E+00 
1.00E+00 
1.00E+00 
1.00E+00 
1.00E+00 
1.00E+00 

SEVER: 5 
O.OOE+OO 
1.00E+00 
1.00E-02 
5.00E-02 
1.00E-01 
1.00E+00 
1.00E+00 
1.00E+00 
1.00E+00 
1.00E+00 
1.00E+00 

SEVER: 6 
O.OOE+OO 
1.00E+00 
1.00E-02 
5.00E-02 
1.00E-01 
1.00E+00 
1.00E+00 
1.00E+00 
1.00E+00 
1.00E+00 
1.00E+00 

SEVER: 7 
O.OOE+OO 
l.OOE+OO 
1.00E-02 
5.00E-02 
1.00E-01 
l.OOE+OO 
1.00E+00 
1.00E+00 
1.00E+00 
1.00E+00 
1.00E+00 

e 
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DISP CAT 
1 
2 
3 
4 
5 
6 
7 
8 
9 

1 0  
11 

RUN DATE: [ 14-JUL-93 AT 09:30:54 1 

ACCIDENT SCENARIO.. .U238 

FRACTION OF AZROSOLS BELOW 1 0  MICRONS A E D  

SEVER: 1 
O.OOE+OO 
5.00E-02 
5.00E-02 
5 ,'00E-02 
5.00E-02 
5.00E-02 
1.00E+00 
1.00E+00 
1 . 0 0 E + 0 0  
1.00E+00 
1.00E+00 

SEVER: 2 
O.OOE+OO 
5.00E-02 
5.00E-02 
5.00E-02 
5.00E-02 
5.00E-02 
1.00E+00 
1.00E+00 
1.00E+00 
1.00E+00 
l.OOE+OO 

SEVER: 3 

5.00E-02 
5.00E-02 
5.00E-02 
5.00E-02 
5.00E-02 
1.00E+00 
1.00E+00 
1.00E+00 
1.00E+00 
1.00E+00 

G .  OOE+OO 
SEVER: 4 
O.OOE+OO 
5.00E-02 

5.00E-02 
5.00E-02 
5.00E-02 
1.00E+00 
1; 00E+00 
l.OOE+OO 
1.00Et00 
1.00E+00 

5.  o m 0 2  

SEVER: 5 
O.OOE+OO 
5.00E-02 
5.00E-02 
5.00E-02 
5.00E-'02 
5.00E-02 
1.00E+00 
1.00E+00 
1.00E+00 
1.00E+00 
1.00Ei-00 

SZVER: ' 6 
0.00Et00 
5.00E-02 
5.00E-02 
5.00E-02 
5.00E-02 
5.00E-02 
1.00E+00 
1.00E+00 
1.00E+00 
1.OOE+OO 
1.00E+00 
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SEVER: 7 
O.OOE+OO 
5.00E-02 
5.00E-02 , 

5.00E-02 
5.00E-02 
5.00E-02 
1.00Et00 
1.00E+00 
1.00Et00 
1.00E+00 
1.00E+00 

DISP CAT SEVER: 8 
1 O.OOE+OO 
2 5.00E-02 
3 5.00E-02 
4 5.00E-02 
5 5.00E-02 
6 5.00E-02 

1.00E+00 
1.00E+00 

9 1.00E+00 
1.00Et00 10 

11 1.00E+00 

0 ;  

000240 

, . .  . .  



RUN DATE: [ 14-JUL-93 AT 09:30:54 ] 

ACCIDENT SCENARIO.. .U238 

COST RELATED DATA 

EMERGENCY RESPONSE COST 

PAGE 14 

SEVER: 1 SEVER: 2 SEVER: 3 SEVER: 4 SEVER: 5 SEVER:- 6 SEVER: 7 
0.00E+00 O.OOE+oO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO 0.00E+00 

SEVER: 8 
O.OOE+OO 

ON-SCENE COSTS 
(RF=RELEASE FRACTION) 

O.<RF<=.Ol .Ol<RF<=O.l . l<RF<=l. RF=O. 
0 .  0 .  0. 0 .  

000241 



RUN DATE: [ 14-JUL-93 AT 09:30:54 ] 

. ACCIDENT SCENARIO . . .  U238 

HEALTH RELATED DATA 

DOSE (REM) 
100000.000 
80000.000 
70000.000 
40000.000 
30000.000 
25000.000 
20000.000 
10000.000 
8000.000 
6000.000 
4000.000 
3000.000 
2000.000 
1000.000 
800.000 
700.000 
600.000 
500.000 
400.000 
300.000 
100.000 
75.000 
50.000 
30.000 
15.000 
5.000 
1.000 
0.100 
0.010 
0.010 

EARLY 

LUNG- 1 
1.000E+00 
1.000E+00 
1.000E+00 
1.000E+00 
1.000E+00 
1.000E+00 
1.000E+00 
6.000E-01 
1.000E-01 
6.000E-02 
3.000E-02 
O.OOOE+OO 
O.OOOE+OO 
0.000E+00 
O.OOOE+OO 
O.OOOE+OO 
O.OOOE+OO 
O.OOOE+OO 
O.OOOE+OO 
O.OOOE+OO 
O.OOOE+OO 
O.OOOE+OO 
O.OOOE+OO 
O.OOOE+OO 
O.OOOE+OO 
O.OOOE+OO 
O.OOOE+OO 
0.000E+00 
0.000E+00 
O.OOOE+OO 

FF.TAL I T Y P R O W  I LIT I E S 

LUNG-2 
1.000E+00 
8.500E-01 
8.000E-01 
7.000E-01 
5.000E-01 
2.000E-01 
8.000E-02 
O.OOOE+OO 
0.000E+00 
O.OOOE+OO 
O.OOOE+OO 
O.OOOE+OO 
O.OOOE+OO 
O.OOOE+OO 
O.OOOE+OO 
O.OOOE+OO 
O.OOOE+OO 
0.000E+00 
O.OOOE+OO 
O.OOOE+OO 
O.OOOE+OO 
O.OOOE+OO 
0.000E+00 
0.000E+OO 
O.OOOE+OO 
O.OOOE+OO 
O.OOOE+OO 
O.OOOE+OO 
O.OOOE+OO 
O.OOOE+OO 

LUNG- 3 
1.000E+00 
8.000E-01 
5.000E-01 
O.OOOE+OO 
O.OOOE+OO 
O.OOOE+OO 
O.OOOE+OO 
O.OOOE+OO 
0.000E+00 
0.000Et00 
O.OOOE+OO 
0.000E+00 
O.OOOE+OO 
O.OOOE+OO 
0.000E+00 
O.OOOE+OO 
O.OOOE+OO 
O.OOOE+OO 
O.OOOE+OO 
0.000E+00 
0.000E+00 
O.OOOE+OO 
O.OOOE+OO 
O.OOOE+OO 
O.OOOE+OO 
0.000E+00 
0.000E+00 
O.OOOE+OO 
0.000E+00 
0.000E+00 
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MARROW 
1.000E+00 
1.000E+00 
1.000E+00 
1.000E+00 
1.000E+00 
1.000E+00 
l.OOOE+OO 
1.000E+00 
1.000E+00 
1.000E+00 
1.000E+00 
1.000E+00 
1.000E+00 
1.000E+00 
9.960E-01 
9.000E-01 
4.000E-01 
5.000E-02 
O.OOOE+OO 
0.000E+00 
0.000E+00 
0.000Et00 
O.OOOE+OO 
O.OOOE+OO 
0.000E+00 
0.000E+00 
0.000E+00 
O.OOOE+OO 
0.000E+00 
O.OOOE+OO 
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AREA 
(M SQ) 
4.59E+02 
1.53E+03 
3.94E+03 
1.25E+04 
3.04E+04 

5 $.4T 
RUN DATE: [ 14-JUL-93 AT 09:30:54 ] PAGE 16 

ACCIDENT SCENARIO ... U238 

METEOROLOGICAL DATA BASED ON PASQUILL CATEGORIES 

PROB. A PROB. B PROB. C PROB. D PROB. Z PROB. F 
1 . 0 0 0 0  0 .0000 0 . 0 0 0 0  0 . 0 0 0 0  0 .0000 0 . 0 0 0 0  

PASQUILL CATEGORY 
A B C D E F 

6.00E-03 4.00E-03 4.00E-03 4.30E-03 9.6OE-03 6.203-02 
1.70E-03 1.30E-03 l.lOE-03 1.30E-03 3.20E-03 1.80E-02 
8.40E-04' 5.50E-04 5.703-04 6.50E-04 1.60E-03 8.403-03 

7.803-05 6.00E-05 6.703-05 9.50E-05 2.10E-04 9.203-04 
1.70E-04 1.30E-04 1.30E-04 1.80E-04 4.00E-04 2.00E-03 / 

* DILUTION FACTOR UNITS ARE (CI-SEC/M**3/CI-RELEED) 

NON-DISPERSAL ACCIDENT INPUT 

RFU)IST (M) 
RURAL SUBURBAN URBAN 
3.050E+00 3.050E+00 3.050E+00 
6.100E+00 6.100E+00 6.100E+00 
9.100E+00 9.100E+00 9.100E+00 
1.220E+01 1.220E+01 1.220E+01 
1.520E+01 1.520E+01 1.520E+01 

BUILDING DOSE FACTOR = 8.600E-03 
FRACTION OF LAND UNDER CULTIVATION = 5.000E-01 
CONTAMINATION CLEAN UP LEVEL (UCI/M**2) = 2.000E-01 
BREATHING RATE (M**3/SEC) = 3.300E-04 
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RUN DATE: [ 14-JUL-93 AT 09:30:54  1 

ACCIDENT SCENARIO ... U238 
PAGE 17 
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RUN DATE [ 14-JUL-93 AT 09 

ACCIDENT SCENARIO...U238 

30:54 ] 

CALCULATIONAL INFORMATION FOR MODE TRUCK AND PASQUILL CATEGORY F 

IN CALCULATING THE DEPLETION OF U238 THE CONCENTRATION 
IN AREA 16 HAS BECOME NEGATIVE. THE CONTAMINATION AND 
CONCENTRATIONS IN AREAS 16 AND LARGER HAVE BEEN SET TO 0.0 .  

IN CALCULATING THE DEPLETION OF TH234 THE CONCENTRATION 
IN AREA 16 HAS BECOME NEGATIVE. THE CONTAMINATION AND 
CONCENTRATIONS IN AREAS 16 AND LARGER HAVE BEEN SET TO 0.0. 

IN CALCULATING THE DEPLETION OF PA234t THE CONCENTRATION 
IN AREA 16 HAS BECOME NEGATIVE. THE CONTAMINATION AND 
CONCENTRATIONS IN AREAS 16 AND LARGER HAVE BEEN SET TO 0.0.  

IN CALCULATING THE DEPLETION OF U234 THE CONCENTRATION 
IN AREA 16 HAS BECOME NEGATIVE. THE CONTAMINATION AND 
CONCENTRATIONS IN AREAS 16 AND LARGER HAVE BEEN SET TO 0.0. 

IN CALCULATING THE DEPLETION OF TH230 THE CONCENTRATION 
IN AREA 16 HAS BECOME NEGATIVE. THE CONTAMINATION AND 
CONCENTRATIONS IN AREAS 16 AND LARGER HAVE BEEN SET TO 0.0. 

IN CALCULATING THE DEPLETION OF RA226 THE CONCENTRATION 
IN AREA 16 HAS BECOME NEGATIVE. THE CONTAMINATION AND 
CONCENTRATIONS IN AREAS 16 AND LARGER HAVE BEEN SET TO 0.0. 

IN CALCULATING THE DEPLETION OF RN222 THE CONCENTRATION 
IN AREA 16 HAS BECOME NEGATIVE. THE CONTAMINATION AND 
CONCENTRATIONS IN AREAS 16 AND LARGER HAVE BEEN SET TO 0.0. 

IN CALCULATING THE DEPLETION OF PO218 THE CONCENTRATION 
IN AREA 16 HAS BECOME NEGATIVE. THE CONTAMINATION AND 
CONCENTRATIONS IN AREAS 16 AND LARGER HAVE BEEN SET TO 0.0. 

IN CALCULATING THE DEPLETION OF PB214 THE CONCENTRATION 
IN AREA 16 HAS BECOME NEGATIVE. THE CONTAMINATION AND 
CONCENTRATIONS IN AREAS 16 AND LARGER HAVE BEEN SET TO 0.0. 

IN CALCULATING THE DEPLETION OF BI214 THE CONCENTRATION 
IN AREA 16 HAS BECOME NEGATIVE. THE CONTAMINATION AND 
CONCENTRATIONS IN AREAS 16 AND LARGER HAVE BEEN SET TO 0.0. 

IN CALCULATING THE DEPLETION OF PO214 THE CONCENTRATION 
IN AREA 16 HAS BECOME NEGATIVE. THE CONTAMINATION AND 
CONCENTRATIONS IN AREAS 16 AND LARGER HAVE BEEN SET TO 0.0. 

IN CALCULATING THE DEPLETION OF U235 THE CONCENTRATION 
IN AREA 16 HAS BECOME NEGATIVE. THE CONTAMINATION AND 
CONCENTRATIONS IN AREAS 1 6  AND LARGER HAVE BEEN SET TO 0.0.  

IN CALCULATING THE DEPLETION OF PA231 THE CONCENTRATION 
IN AREA 16 HAS BECOME NEGATIVE. THE CONTAMINATION AND 
CONCENTRATIONS IN AREAS 16 AND LARGER HAVE BEEN SET TO 0.0. 

IN CALCULATING THE DEPLETION OF 
IN AREA 16 HAS BECOME NEGATIVE. 
CONCENTRATIONS IN AREAS 1 6  AND-LARGER HAVE BEEN SET TO 0.0. 

TH232 THE CONCENTRATION 
THE CONTAMINATION AND 

080245 



IN CALCULATING THE DEPLETION OF W 2 8  THE CONCENTRATION 
IN AREA 16 HAS BECOME NEGATIVE, THE CONTAMINATION AND 
CONCENTRATIONS IN AREAS 16 AND LARGER HAVE BEEN SET TO 0.0. 

IN CALCULATING THE DEPLETION OF AC228 THE CONCENTRATION 
IN AREA 16 HAS BECOME NEGATIVE. THE CONTAMINATION AND 
CONCENTRATIONS IN AREAS 16 AND LARGER HAVE BEEN SET TO 0.0. 

IN CALCULATING THE DEPLETION OF ~ ~ 2 2 8  THE CONCENTRATION 
IN AREA 16 HAS BECOME NEGATIVE. THE .CONTAMINATION AND 
CONCENTRATIONS IN AREAS 16 AND LARGER HAVE BEEN SET TO 0.0. 

IN CALCULATING 
IN AREA 16 HAS 
CONCENTRATIONS 

IN CALCULATING 
IN AREA 16 HAS 
CONCENT RAT IONS 

IN CALCULATING 
IN AREA 16 HAS 
CONCENTRATIONS 

IN CALCULATING 
IN AREA 16 HAS 
CONCENTRATIONS 

IN CALCULATING 
IN AREA 16 HAS 
CONCENTRATIONS 

IN CALCULATING 
IN AREA 16 HAS 
CONCENTRATIONS 

IN CALCULATING 
IN AREA 16 HAS 
CONCENTRATIONS 

IN CALCULATING 
IN AREA 16 HAS 
CONCENTRATIONS 

IN CALCULATING 
IN AREA 16 HAS 
CONCENTRATIONS 

IN CALCULATING 
IN AREA 16 HAS 
CONCENTRATIONS 

IN CALCULATING 
IN AREA 16 HAS 
CONCENTRATIONS 

IN CALCULATING 
IN AREA 16 HAS 
CONCENTRATIONS 

IN CALCULATING 
IN AREA 16 HAS 

. CONCENTRATIONS 

THE DEPLETION OF W 2 4  THE CONCENTRATION 
BECOME NEGATIVE. THE CONTAMINATION AND 
IN AREAS 16 AND LARGER HAVE BEEN SET TO 0.0. 

THE DEPLETION OF RN220 THE CONCENTRATION 
BECOME NEGATIVE. THE CONTAMINATION AND 
IN AREAS 16 AND LARGER HAVE BEEN SET TO 0.0. 

THE DEPLETION OF PO216 THE CONCENTRATION 
BECOME NEGATIVE. THE CONTAMINATION AND 
IN AREAS 16 AND LARGER HAVE BEEN SET TO 0.0. 

THE DEPLETION OF PB212 THE CONCENTRATION 
BECOME NEGATIVE. THE CONTAMINATION AND 
IN AREAS 16 AND LARGER HAVE BEEN SET TO 0.0. 

THE DEPLETION OF BI212 THE CONCENTRATION 
BECOME NEGATIVE. THE CONTAMINATION AND 
IN AREAS 16 AND LARGER HAVE BEEN SET TO 0.0. 

THE DEPLETION OF PO212 THE CONCENTRATION 
BECOME NEGATIVE. THE CONTAMINATION AND 
IN AREAS 16 AND LARGER HAVE BEEN SET TO 0.0. 

THE DEPLETION OF TL208 THE CONCENTRATION 
BECOME NEGATIVE. THE CONTAMINATION AND 
IN AREAS 16 AND LARGER HAVE BEEN SET TO 0.0. 

THE DEPLETION OF 
BECOME NEGATIVE. THE CONTAMINATION AND 
IN AREAS 16 AND LARGER HAVE BEEN SET TO 0.0. 

THE DEPLETION OF 
BECOME NEGATIVE. THE CONTAMINATION AND 
IN AREAS 16 AND LARGER HAVE BEEN SET TO 0.0. 

THE DEPLETION OF NP237 THE CONCENTRATION 
BECOME NEGATIVE. THE CONTAMINATION AND 
IN AREAS 16 AND LARGER HAVE BEEN SET TO 0.0. 

THE DEPLETION OF PU238 THE CONCENTRATION 
BECOME NEGATIVE. THE CONTAMINATION AND 
IN AREAS 16 AND LARGER HAVE BEEN SET TO 0.0. 

THE DEPLETION OF 
BECOME NEGATIVE.. THE CONTAMINATION AND 
IN AREAS 16 AND LARGER HAVE BEEN SET TO 0.0. 

THE 'DEPLETION OF 
BECOME NEGATIVE. THE CONTAMINATION AND 
IN AREAS 16 AND LARGER HAVE BEEN SET TO 0.0. 

U236 THE CONCENTRATION 

U233 THE CONCENTRATION 

PU239 THE CONCENTRATION 

CS137 THE CONCENTRATION 
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IN CALCULATING THE * DEPLETION OF BA137m THE CONCENTRATION 
IN AREA 16 HAS BECOME NEGATIVE. THE CONTAMINATION AND 
CONCENTRATIONS IN AREAS 16 AND LARGER HAVE BEEN SET TO 0.0. 

IN CALCULATING THE DEPLETION OF TC99 THE CONCENTRATION 
IN AREA 16 HAS BECOME NEGATIVE. TiIE CONTAMINATION AND 
CONCENTRATIONS IN AREAS 16 AND LARGER HAVE BEEN SET TO. 0.0. 

IN CALCULATING THE DEPLETION OF SR90 THE CONCENTRATION 
IN AREA 16 HAS BECOME NEGATIVE. THE CONTAMINATION AND 
CONCENTRATIONS IN AREAS 16 AND LARGER HAVE BEEN SET TO 0.0. 

IN CALCULATING THE DEPLETION OF Y90 THE CONCENTRATION 
IN AREA 16 HAS BECOME NEGATIVE. THE CONTAMINATION AND 
CONCENTRATIONS IN AREAS 16 AND LARGER HAVE BEEN SET TO 0.0. 

IN CALCULATING THE DEPLETION OF U238 THE CONCENTRATION 
IN AREA 16 HAS BECOME NEGATIVE. THE CONTAMINATION AND 
CONCENTRATIONS IN AREAS 16 AND LARGER HAVE BEEN SET TO 0.0. 

IN CALCULATING THE DEPLETION OF TH234 THE CONCENTRATION 
IN AREA 16 HAS BECOME NEGATIVE. THE CONTAMINATION AND 
CONCENTRATIONS IN AREAS 16 AND LARGER HAVE BEEN SET TO 0.0. 

IN CALCULATING THE DEPLETION OF PA2 34 t THE CONCENTRATION 
IN AREA 16 HAS BECOME NEGATIVE. THE CONTAMINATION AND 
CONCENTRATIONS IN AREAS 16 AND LARGER HAVE BEEN SET TO 0.0. 

IN ~ALCULATING THE DEPLETION OF U234 THE CONCENTRATION 
IN AREA 16 HAS BECOME NEGATIVE. THE CONTAMINATION AND 
CONCENTRATIONS IN AREAS 16 AND LARGER HAVE BEEN SET TO 0.0. 

IN CALCULATING THE DEPLETION OF TH23 0 THE CONCENTRATION 
IN AREA 16 HAS BECOME NEGATIVE. THE CONTAMINATION AND 
CONCENTRATIONS IN AREAS 16 AND LARGER HAVE BEEN SET TO 0.0. 

IN CALCULATING THE DEPLETION OF RA226 THE CONCENTRATION 
IN AREA 16 HAS BECOME NEGATIVE. THE CONTAMINATION AND 
CONCENTRATIONS IN AREAS 16 AND LARGER HAVE BEEN SET TO 0.0. 

IN CALCULATING THE DEPLETION OF RN222 THE CONCENTRATION 
IN AREA 16 HAS BECOME NEGATIVE. THE CONTAMINATION AND 
CONCENTRATIONS IN AREAS 16 AND LARGER HAVE BEEN SET TO 0.0. 

IN CALCULATING THE DEPLETION OF PO218 THE CONCENTRATION 
IN AREA 16 HAS BECOME NEGATIVE. THE CONTAMINATION AND 
CONCENTRATIONS IN AREAS 16 AND LARGER HAVE BEEN SET TO 0.0. 

IN CALCULATING THE DEPLETION OF PB214 THE CONCENTRATION 
IN AREA 16 HAS BECOME NEGATIVE. THE CONTAMINATION AND 
CONCENTRATIONS IN AREAS 16 AND LARGER HAVE BEEN SET TO 0.0.  

IN CALCULATING THE DEPLETION OF BI214 THE CONCENTRATION 
IN AREA 16 HAS BECOME NEGATIVE. THE CONTAMINATION AND 
CONCENTRATIONS IN AREAS 16 AND LARGER HAVE BEEN SET TO 0.0. 

IN CALCULATING THE DEPLETION OF PO214 THE CONCENTRATION 
IN AREA 16 HAS BECOME NEGATIVE. THE CONTAMINATION AND 
CONCENTRATIONS IN AREAS 16 AND LARGER HAVE BEEN SET TO 0.0. 

IN CALCULATING THE DEPLETION OF U235 THE CONCENTRATION 
IN AREA 16 HAS BECOME NEGATIVE. THE CONTAMINATION AND 
CONCENTRATIONS IN AREAS 16 AND LARGER HAVE BEEN SET TO 0.0. 

000247 



IN CALCULATING THE CEPLETION OF PA2 3 1 THE CONCENTRATION 
IN AREA 16 HAS BECOME NEGATIVE. THE CONTAMINATION AND 
CONCENTRATIONS IN AREAS 16 AND LARGER HAVE BEEN SET TO 0.0. 

IN CALCULATING THE DEPLETION OF TH232 THE CONCENTRATION 
IN AREA 16 'HAS BECOME NEGATIVE. THE CONTAMINATION AND 
CONCENTRATIONS IN AREAS 16 AND LARGER HAVE BEEN SET TO 0.0. 

IN CALCULATING THE DEPLETION OF FW28 THE CONCENTRATION 
IN AREA 16 HAS BECOME NEGATIVE. THE CONTAMINATION AND 
CONCENTRATIONS IN AREAS 16 A N D  LARGER HAVE BEEN SET TO 0.0. 

IN CALCULATING THE DEPLETION OF AC228 THE CONCENTRATION 
IN AREA 16 HAS BECOME NEGATIVE. THE CONTAMINATION AND 
CONCENTRATIONS IN AREAS 16 AND LARGER HAVE BEEN SET TO 0.0. 

IN CALCULATING THE DEPLETION OF TH228 THE CONCENTRATION 
IN AREA 16 HAS BECOME NEGATIVE. THE CONTAMINATION AND 
CONCENTRATIONS IN AREAS 16 AND LARGER HAVE BEEN SET TO 0.0. 

IN CALCULATING THE DEPLETION OF W 2 4  THE CONCENTRATION 
IN AREA 16 HAS BECOME NEGATIVE. THE CONTAMINATION AND 
CONCENTRATIONS IN AREAS 16 AND LARGER HAVE BEEN SET TO 0.0. 

IN CALCULATING THE DEPLETION OF RN220 THE CONCENTRATION 
IN AREA 16 HAS BECOME NEGATIVE. THE CONTAMINATION AND 
CONCENTRATIONS IN AREAS 16 AND LARGER HAVE BEEN SET TO 0.0. 

IN CALCULATING THE DEPLETION OF PO2 16 THE CONCENTRATION 
IN AREA 16 HAS BECOME NEGATIVE. THE CONTAMINATION AND 
CONCENTRATIONS IN AREAS 16 AND LARGER HAVE BEEN SET TO 0.0. 

IN CALCULATING THE DEPLETION OF PB212 THE CONCENTRATION 
IN AREA 16 HAS BECOME NEGATIVE. THE CONTAMINATION AND 
CONCENTRATIONS IN AREAS 16 AND LARGER HAVE BEEN SET TO 0.0. 

IN CALCULATING THE DEPLETION OF BI212 THE CONCENTRATION 
IN AREA 16 HAS BECOME NEGATIVE. THE CONTAMINATION AND 
CONCENTRATIONS IN AREAS 16 A N D  LARGER HAVE BEEN SET TO 0.0. 

IN CALCULATING THE DEPLETION OF PO212 THE CONCENTRATION 
IN AREA 16 HAS BECOME NEGATIVE. THE CONTAMINATION AND 
CONCENTRATIONS IN AREAS 16 AND LARGER HAVE BEEN SET TO 0.0. 

IN CALCULATING THE DEPLETION OF TL208 THE CONCENTRATION 
IN AREA 16 HAS BECOME NEGATIVE. THE CONTAMINATION AND 
CONCENTRATIONS IN AREAS 16 AND LARGER HAVE BEEN SET TO 0.0. 

IN CALCULATING THE DEPLETION OF U236 THE CONCENTRATION 

CONCENTRATIONS IN AREAS 16 AND LARGER HAVE BEEN SET TO 0.0. 
' IN AREA 16 HAS BECOME NEGATIVE. THE CONTAMINATION AND 

IN CALCULATING THE DEPLETION OF U233 THE CONCENTRATION 
IN AREA 16 HAS BECOME NEGATIVE. THE CONTAMINATION AND 
CONCENTRATIONS IN AREAS 16 AND LARGER HAVE BEEN SET TO 0.0. 

IN CALCULATING THE DEPLETION OF NP237 THE CONCENTRATION 
IN AREA 16 HAS BECOME NEGATIVE. THE CONTAMINATION AND 
CONCENTRATIONS IN AREAS 16 AND LARGER HAVE BEEN SET TO 0.0. 

IN CALCULATING THE DEPLETION OF 
IN AREA 16 HAS BECOME NEGATIVE. THE CONTAMINATION AND 
CONCENTRATIONS IN AREAS 16 AND LARGER HAVE BEEN SET TO 0.0. 

PU238 THE CONCENTRATION 



IN CALCULATING THE DEPLETION OF 2U239 THE CONCENTRATION 
IN AREA 15 HAS BECOME NEGATITE. THE CONTAl4INATION AND 
CONCENTRATIONS IN AREAS 16 AND LARGER HAVE BEEN SET TO 0.0. 

IN CALCULATING THE DEPLETION OF CS137 THE CONCENTRATION 
IN AREA 16 HAS BECOME NEGATIVE. THE CONTAMINATION AND 
CONCENTRATIONS IN AREAS 16 AND LARGER HAVE BEEN SET TO 0.0. 

IN CALCULATING THE DEPLETION OF BA137m THE CONCENTRATION 
IN AREA 16 HAS BECOME NEGATIVE. THE CONTAMINATION AND 
CONCENTRATIONS IN AREAS 16 AND LARGER HAVE BEEN SET TO 0.0. 

FOR SEVERITY CATEGORY 6 AREA 1 HAS BEEN INTERDICTED. 
THERE WILL BE NO 50 YEAR GROUNDSHINE DOSE AND NO INGESTION DOSE. 

FOR SEVERITY CATEGORY 7 AREA 1 HAS BEEN INTERDICTED. \ 

THERE WILL BE NO 50 YEAR GROUNDSHINE DOSE AND NO INGESTION DOSE. 

FOR SEVERITY CATEGORY 8 AREA 1 'HAS BEEN INTERDICTED. 
THERE WILL BE NO 50 YEAR GROUNDSHINE DOSE AND NO INGESTION DOSE. 

FOR SEVERITY CATEGORY 8 AREA 2 HAS BEEN INTERDICTED. 
THERE WILL BE NO 50 YEAR GROUNDSHINE DOSE AND NO INGESTION DOSE. 



AREA # 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 

SEVER: 1 
O.OOE+OO 
O.OOE+OO 
O.OOE+OO 
O.OOE+OO 
O.OOE+OO 
O.OOE+OO 
O.OOE+OO 
O.OOE+OO 
O.OOE+OO 
O.OOE+OO 
O.OOE+OO 
O.OOE+OO 
O.OOE+OO 
O.OOE+OO 
O.OOE+OO 
O.OOE+OO 
O.OOE+OO 
O.OOE+OO 

A R E A #  
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 

SEVER: 8 
2.213+02 
6.41E+01 
2.80E+01 
6.31E+00 
2.70E+00 
1.24E+00 
5.37E-01 
2.52E-01 
1.45E-01 
5.723-02 
3.64E-02 
1.483-02 
8.683-03 
4.. 55E-03 
1.53E-03 
O.OOE+OO 
O.OOE+OO 
O.OOE+OO 

RUN DATE: [ 14-JUL-93 AT 09:30:54 ] 

ACCIDENT SCENARIO ... U238 

PASQUILL CATEGORY F 
MODE TRUCK 

1-YEAR LUNG DOSE - INHALATION PATHWAY 
BDF = 1 (REM) 

SEVER: 2 
3.46E+00 
1.00E+00 
4.38E-01 
9.873-02 
4.223-02 
1.933-02 
8.393-03 
3.943-03 
2.273-03 
8.943-04 
5.693-04 
2.31E-04 
1.363-04 
7.llE-05 
2.393-05 
O.OOE+OO 
O.OOE+OO 
O.OOE+OO 

SEVER: 3 
6.91E+00 
2.00E+00 
8.76E-01 
1.97E-01 
8.453-02 
3.873-02 
1.68E-02 
7.883-03 
4.543-03 
1.79E-03 
1.14E-03 
4.623-04 
2.71E-04 
1.42E-04 
4.783-05 
O.OOE+OO 
O.OOE+OO 
O.OOE+OO 

SEVER: 4 
1.38E+01 
4.01E+00 
1.75E+00 
3.95E-01 
1.69E-01 
7.733-02 
3.36E-02 
1.583-02 
9.08E-03 
3.58E-03 
2.283-03 
9.25E-04 
5.423-04 
2.843-04 
9.56E-05 
O.OOE+OO 
O.OOE+OO 
O.OOE+OO 

SEVER: 5 
2.76E+01 
8.01E+00 
3.51E+00 
7.89E-01 
3.38E-01 
1.55E-01 
6.71E-02 
3.15E-02 
1.823-02 
7.15E-03 
4.553-03 
1.853-03 
1.08E-03 
5.69E-04 
1.91E-04 
O.OOE+OO 
O.OOE+OO 
O.OOE+OO 

SEVER: 6 
5.53E+01 
1.60E+01 
7.01E+00 
1.58E+00 
6.763-01 
3.09E-01 
1.34E-01 
6.31E-02 
3.633-02 
1.433-02 
9.10E-03 
3.70E-03 
2.17E-03 
1.14E-03 
3.823-04 
O.OOE+OO 
O.OOE+OO 
O.OOE+OO 
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SEVER: 7 
1.llE+02 
3.20E+01 
1.40E+01 
3.16E+00 
1.35E+00 
6.19E-01 
2.69E-01 
1.26E-01 
7.263-02 
2.863-02 
1.823-02 
7.40E-03 
4.343-03 
2.283-03 
7.653-04 
O.OOE+OO 
O.OOE+OO 
O.OOE+OO 

OOOStO 



AREA # 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 

AREA # 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 

3.UN DATE: [ 14-JUL-93 AT 09:30:54 ] 

ACCIDENT SCENARIO ... U238 

1-YEA!! MARROW DOSE - INHALATION PATHWAY 
BDF = 1 (REM) 

SEVER: 1 
O.OOE+OO 
O.OOE+OO 
OfOOE+OO 
O.OOE+OO 
O.OOE+OO 
O.OOE+OO 
O.OOE+OO 
O.OOE+OO 
O.OOE+OO 
O.OOE+OO 
O.OOE+OO 
O.OOE+OO 
O.OOE+OO 
O.OOE+OO 
0.00?3+00 
O.OOE+OO 
O.OOE+OO 
O.OOE+OO 

SEVER: 8 
3.24E+00 
9.39E-01 
4.llE-01 
9.25E-02 
3.96E-02 
1.81E-02 
7.87E-03 
3.69E-03 
2.13E-03 
8.38E-04 
5.333-04 
2.17E-04 
1.27E-04 
6.673-05 
2.24E-05 
O.OOE+OO 
0.00E+00 
O.OOE+OO 

SEVER: 2 
5.06E-02 
1.47E-02 
6.42E-03 
1.44E-03 
6.19E-04 
2.83E-04 
1.23E-04 
5.773-05 
3.32E-05 
1.31E-05 
8.33E-06 
3.39E-06 
1.99E-06 
1.04E-06 
3.50E-07 
O.OOE+OO 
O.OOE+OO 
O.OOE+OO 

SEVER: 3 
1.01E-01 
2.933-02 
1.283-02 
2.893-03 
1.243-03 
5.663-04 
2.463-04 
1.15E-04 
6.653-05 
2.623-05 
1.673-05 
6.773-06 
3.97E-06 
2.08E-06 
7.00E-07 
O.OOE+OO 
O.OOE+OO 
O.OOE+OO 

SEVER: 4 
2'. O2E-01 
5.873-02 
2.573-02 
5.783-03 
2.47E-03 
1.13E-03 
4.923-04 
2.31E-04 
1.333-04 
5.243-05 
3.333-05 
1.35E-05 
7.943-06 
4.17E-06 
1.40E-06 
O.OOE+OO 
O.OOE+OO 
0. OOE+OO 

SEVER: 5 
4.05E-01 
1.17E-01 
5.13E-02 
1.16E-02 
4.95E-03 
2.26E-03 
9.83E-04 
4.623-04 
2.663-04 
1.05E-04 
6.663-05 
2.71E-05 
1.59E-05 
8.33E-06 
2.80E-06 
O.OOE+OO 
O.OOE+OO 
0.00E+00 

SEVER: 6 
8.10E-01 
2.3513-01 
1.03E-01 
2.31E-02 
9.90E-03 
4.53E-03 
1.97E-03 
9.23E-04 
5.323-04 
2.10E-04 
1.33E-04 
5.42E-05 
3.18E-05 
1.67E-05 
5.60E-06 
O.OOE+OO 
O.OOE+OO 
O.OOE+OO 
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SEVER: 7 
1.62E+00 
4.69E-01 
2.05E-01 
4.623-02 
1.983-02 
9.06E-03 
3.933-03 
1.853-03 
1.06E-03 
4.19E-04 
2.67E-04 
1.08E-04 
6.363-05 
3.33E-05 
1.12E-05 
O.OOE+OO 
O.OOE+OO 
O.OOE+OO 



A R E A #  
1 
2 
.3 
4 
5 
6 
7- 
8 
9 

10 
11 
12 
13 
14 
15 
16 

GROUND 

SEVER: 1 
0.00Et00 
O.OOE+OO 
O.OOE+OO 
O.OOE+OO 
0.00Et00 
O.OOE+OO 
0.00Et00 
0.00E+00 
0.00Et00 
O.OOE+OO 
0.00Et00 
O.OOE+OO 
O.OOE+OO 
0.00E+00 
O.OOE+OO 
O.OOE+OO 
0.003+00 
O.OOE+OO 

AREA# 
1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 

SEVER: 8 
4.22E+01 
1.22E+01 
5.35E+00 
1.21E+00 
5.16E-01 
2.36E-01 
1.03E-01 
4.823-02 
2.773-02 
1.09E-02 
6.953-03 
2.8231-03 
1.663-03 
8.693-04 
2.923-04 
0.00Et00 
0.00Et00 
0.00Et00 

RUN DATE: [ 14-JUL-93 AT 09:30:54 1 

ACCIDENT SCENARIO... .U238 
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PASQUILL CATEGORY F 
MODE TRUCK 

SURFACE CONTAMINATION TABLE (MICRO CI/M**2) 
BEFORE CLEANUP 

SEVER: 2 
6.60E-01 
1.91E-01 
8.37E-02 
1.883-02 
8.06E-03 
3.693-03 
1.60E-03 
7.523-04 
4.333-04 
1.71E-04 
1.09E-04 
4.41E-05 
2.593-05 
1.363-05 
4.563-06 
0.00Et00 
O.OOE+OO 
O.OOE+OO 

SEVER: 3 
1.32Et00 
3.82E-01 
1.67E-01 
3.773-02 
1.61E-02 
7.383-03 
3.2013-03 
1.50E-03 
8.673-04 
3.41E-04 
2.17E-04 
8.833-05 
5.18E-05 
2.723-05 
9.13E-06 
0.00E+00 
O.OOE+OO 
O.OOE+OO 

SEVER: 4 
2.64E+00 
7.65E-01 
3.35E-01 
7.533-02 
3.233-02 
1.483-02 
6.41E-03 
3.01E-03 
1.733-03 
6.833-04 
4.343-04 
1.773-04 
1 i 04E-04 
5.433-05 
1.833-05 
O.OOE+OO 
O.OOE+OO 
O.OOE+OO 

SEVER: 5 
5.28E+00 
1.53Et00 
6.69E-01 
1.51E-01 
6.453-02 
2.953-02 
1.283-02 
6.02E-03 
3.473-03 
1.373-03 
8.693-04 
3.533-04 
2.07E-04 
1.09E-04 
3.653-05 
O.OOE+OO 
O.OOE+OO 
O.OOE+OO 

SEVER: 6 
1.06E+01 
3.06E+00 
1.34E+00 
3.01E-01 
1.29E-01 
5.90E-02 
2.563-02 
1.20E-02 
6.933-03 
2.733-03 
1.743-03 
7.06E-04 
4.14E-04 
2.17E-04 
7.30E-05 
0.00E+00 
0.00Et00 
0.00Et00 

SEVER: 7 
2.llEt01 
6.12E+00 
2.683+00 
6.03E-01 
2.58E-01 
1.18E-01 
5.13E-02 
2.41E-02 
1.393-02 
5.463-03 
3.483-03 
1.41E-03 
8.283-04 
4.34E-04 
1.463-04 
O.OOE+OO 
0.003+00 
O.OOE+OO 



RUN DATE: [ 14-JUL-93 AT 09:30:54 ] 

ACCIDENT SCENARIO ... U238 

5 4 4 1  

. 
ACCIDENT S'VMMARY 
* * * * * * * *  * * * * * * *  

NUMBER OF EXPECTED ACCIDENTS -- MODE TRUCK 

CATEGORY 
1 
2 
3 
4 
5 
6 
7 
8 

CATEGORY 
1 
2 
3 
4 
5 
6 
7 
8 

CAT EGG RY 
1 
2 
3 
4 
5 
6 
7 
8 

. .  

RURAL 
1.25E-01 
8.15E-02 
4.75E-02 
1.09E-02 
3.18E-03 
1.753-03 
1.543-04 
3.05E-05 

SUBURB 
1.25E-01 
8.17E-02 
6.34E-02 
1.45E-02 
1.90E-03 
4.99E-04 
1.93E-05 
1.70E-06 

URBAN 
9.97E-01 
6.53E-01 
4.75E-02 
1.09E-02 
1.27E-03 
2.50E-04 
1.933-05 
1.70E-06 

EARLY FATALITY CGNSEQUENCES -- MODE TRUCK 

RURAL 
O.OOE+OO 
0.00Et00 
0.00Et00 
O.OOE+OO 
O.OOE+OO 
O.OOE+OO 
O.OOE+OO 
O.OOE+OO 

SUBURB 
0.00Et00 
0.00Et00 
0.00Et00 
0.00Et00 
O.OOE+OO 
O.OOE+OO 
O.OOE+OO , 

'0.00Et00 

ECONOMIC CONSEQUENCES -- MODE 
RURAL 
O.OOE+OO 
O.OOE+OO 
O.OOE+OO 
O.OOE+OO 
O.OOE+OO 
0.00Et00 
O.OOE+OO 
O.OOE+OO 

SUBURB 
O.OOE+OO 
0.00Et00 
0.00Et00 
0.00Et00 
O.OOE+OO 
0. O.OE+OO 
0.00Et00 
0.00Et00 

000253 

URBAN 
0.00Et00 
0.00Et00 
0.00Et00 
0.00Et00 
0.00Et00 
0.00Et00 
O.OOE+OO 
0.00Et00 

TRUCK 

URBAN 
O.OOE+OO 
O.OOE+OO 
0.00Et00 
0.00Et00 
0.00Et00 
0.00Et00 
0.00Et00 
0.00Et00 
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CAT EGO RY 
1 

. 2  
3 
4 
5 
6 
7 
8 

( 

2. :- ,* :. 
e..... 

RUN DATE: [ 14-JUL-93 AT 09:30:54 ] 

ACCIDENT SCENAFtIO...U238 

RADIOLOGICAL CONSEQUENCES -- MODE 
50 YEAR POPULATION DOSE IN PERSON 

RURAL SUBURB 
O.OOE+OO O.OOE+OO 
3.36E-02 4.02E+00 
6.71E-02 8.04E+00 
1.34E-01 1.61E+01 
2.68E-01 3.21E+01 
5.36E-01 6.433+01 
1.07E+00 1.28E+02 
2.14E+00 2,57E+02 

TRUCK 
REM 
URBAN 
O.OOE+OO 
1.31E+01 
2.61E+01 
5.22E+01 
1.04E+02 
2.09E+02 
4.17E+02 
8.34E+02 
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000254 



,-  

HiAct 
U238 
TH2 3 4 
PA234t 
U234 
TH2 3 0 
W 2 6  
RN222 
PO218 
PB214 
BI214 
PO2 1.4 
U235 
PA231 
TH232 
W 2 8  
AC228 
TH228 
RA224 
RN220 
PO2 16 
PB212 
BI212 
PO2 12 
TL2 0 8 
U236 
U233 
NP237 
PU2 3 8 
PU2 3 9 
CS137 
BA13 7m 
TC99 
SR90 
Y90 

LoAct 
U238 
TH2 3 4 

U234 
TH230 
W 2 6  
RN222 
PO2 18 
PB214 
BI214 
PO214 
U235 
PA231 
TH232 
W 2  8 
AC228 
TH228 
RA224 

PA234t 

RUN' DATE: i 14-JUL-93 AT 09:30:54 ] 

ACCIDENT SCENARIO . . .  U238 

EXPECTED VALUES OF POPULATION RISK IN PERSON REM 

GROUND 

3.04E-03 
2.49E-02 
3.01E-02 
3.873-03 
6.443-05 
6.23E-04 
5.273-05 
O.OOE+OO 
1.453-03 
8.693-03 
0. OOEtOO 
2.45E-02 
5.62E-03 
5.453-06 
0.00Et00 
4.46E-04 
1.953-06 
6.60E-06 
O.OOE+OO 
0.00Et00 
9.963-05 
7.833-05 
O.OOE+OO 
8.15E-04 
2.263-04 
3.843-04 
8.65E-05 
2.07E-06 
1.77E-05 
O.OOE+OO 
1.86E-03 
0. OOE+OO 
0. OOE+OO 
0.00E+00 

1.523-04 
1.24E-03 
1.51E-03 
1.93E-04 
3.21E-06 
3.12E-05 
2.64E-06 
O.OOE+OO 
7.2712-05 
4.353-04 
O.OOE+OO 
1.233-03 
2.81E-04 
2.71E-07 
O.OOE+OO 
2.23E-05 
9.77E-08 
3.30E-07 

INHALED 

2.09Ei-00 
6.41E-04 
9.89E-08 
2.35E+00 
8.04E-02 
3.39E-04 
1.12E-07 
1.16E-07 
3.30E-07 
4.433-07 
6.39E-14 
1.27E-01 
5.05E-01 
1.16E-02 
3.75E-05 
1.33E-06 
1.26E-02 
1.75E-04 
1.78E-08 
1.15E-10 
8.45E-06 
1.71E-06 
1.1412-16 
1.71'~-10 
1.40E-01 
6.63E-01 
8.. 743-03 
3.15E-03 
6.52E-02 
9.90E-07 
3.59E-11 
2.02E-05 
6.22E-06 
2.64E-07 

1.05E-01 
3.20E-05 
4.95E-09 
1.18E-01 
4.01E-03 
1.70E-05 
5.61E-09 
5.80E-09 
1.65E-08 
2.22E-08 
3.20E-15 
6.37E-03 
2.52E-02 
5.77E-04 
1.87E-06 
6.62E-08 
6.32E-04 
8.77E-06 

RESUSPD 

1.71E+00 
5.25E-04 
8.10E-08 
1.93E+00 
6.61E-02 
2.793-04 
9.20E-08 
9.52E-08 
2.71E-07 
3.643-07 
5.253-14 
1.05E-01 
4.15E-01 
9.493-03 
2.623-05 
9.27E-07 
6.793-03 
9.433-05 
9.563-09 
6.1612-11 
4.543-06 
9.19E-07 
6.143-17 
9.20E-11 
1.15E-01 
5.45E-01 
7.181~-03 
2.563-03 
5.35E-02 
7.863-07 
2.853-11 
1.663-05 
4.933-06 
2.09E-07 

8.573-02 
2.62E-05 
4.05E-09 
9.6713-02 
3.293-03 
1.40E-05 
4.61E-09 
4.77E-09 
1.363-08 
1.82E-08 
2.633-15 
5.243-03 
2.07E-02 
4.733-04 
1.31E-06 
4.63E-08 
3.4012-04 
4.723-06 

CLOUDS H 

1.73E-08 
1.28E-06 
2.583-06 
2.55E-08 
1.16E-09 
2.443-09 
1.41E-10 
0.00Et00 
9.0013-08 
5.90E-07 
3.16E-11 
1.50E-06 
2.963-07 
5.55~11 
9.36E-18 
1.4112-07 
9.14E-10 
4.73E-09 
2.49E-10 
7.1513-12 
6.883-08 
9.09E-08 
0 00E+00 
6.743-07 
1.273-09 
1.10E-08 
3.80E-09 
8.27E-12 
1.47E-10 
O.OOE+OO 
1.87E-07 
1.18E-11 
0.00Et00 
0.00Et00 

8.66E-10 
6.39E-08 
1.29E-07 
1.28E-09 
5.78E-11 
1.22E-10 
7.0712-12 
0.00Et00 
4.51E-09 
2.95E-08 
1.583-12 
7.52E-08 
1.48E-08 
2.7612-12 
4.67E-19 
7.01E-09 
4.57E-11 
2.36E-10 

*INGESTION 

O.OOE+OO 
0.00Et00 
O.OOE+OO 
O.OOE+OO 
0.00Et00 
0.00Et00 
O.OOE+OO 
O.OOE+OO 
0.00Et00 
O.OOE+OO 
0.00Et00 
0.00Et00 
0.00Et00 
0.00Et00 
O.OOE+OO 
0. OOEtOO 
0.003+00 
O.OOE+OO 
O.OOE+OO 
0.00Et00 
O.OOE+OO 
0.00Et00 
0.00E+00 
0.00Et00 
O.OOE+OO 
O.OOE+OO 
O.OOE+OO 
O.OOE+OO 
O.OOE+OO 
O.OOE+OO 
O.OOE+OO 
0.00Et00 
0.00Et00 
O.OOE+OO 

0.00Et00 
O.OOE+OO 
0.00Et00 
O.OOE+OO 
0.00Et00 
O.OOE+OO 
O.OOE+OO 
0.00Et00 
0.00Et00 
O.OOE+OO 
0.00E+00 
O.OOE+OO 
0.00Et00 
0.00Et00 
0.00Et00 
0.00Et00 
0.00Et00 
0.00Et00 

TOTAL 

3.81Et00 
2.60E-02 
3.01E-02 
4.29Et00 
1.47E-01 
1.243-03 
5.293-05 
2.llE-07 
1.45E-03 
8.70E-03 
3.17E-11 
2.57E-01 
9.25E-01 
2.llE-02 
6.37E-05 
4.493-04 
1.94E-02 
2.76E-04 
2.763-08 
1.83E-10 
1.13E-04 
8.10E-05 
1.763-16 
8.16E-04 
2.5513-01 
1.21E+00 
1.60E-02 
5.7113-03 
1.19E-01 
1.783-06 
1.863-03 
3.673-05 
1.12E-05 
4.733-07 

1.91E-01 
1.30E-03 
1.51E-03 
2.15E-01 
7.30E-03 
6.223-05 
2.65E-06 
1.06E-08 
7.27E-05 
4.353-04 
1.593-12 
1.28E-02 
4.633-02 
1.05E-03 
3.18E-06 
2.243-05 
9.71E-04 
1.38E-05 
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RN220 
PO2 16 
PB212 
BI212 
PO2 12 
TL208 
U236 
U233 
NP237 
PU2 3 8 
PU2 3 9 
CS137 
BA137m 

O.OOE+OO 
O.OOE+OO 
4.983-06 
3.9112-06 
0.00E+00 
4.07E-05 
1.13E-05 
1.923-05 
4.32E-06 
1.04E-07 
8.863-07 
0.00Et00 
9.253-05 

TOTALS: 1.12E-01 6.37E+00 5.22E+00 7.95E-06 O.OOE+Oo 1.17E+01 

NOTE THAT INGESTION RISK IS A SOCIETAL RISK; 
THE USER MAY WISH TO TREAT THIS VALUE SEPARATELY. 

8.89E-10 
5.73E-12 
4.22E-07 
8.553-08 
5.693-18 
8.55E-12 
7.00E-03 
3.31E-02 
4.37E-04 
1.583-04 
3.25E-03 
4.93E-.08 
1.79E-12 

4.78E-10 
3.08E-12 
2.27E-07 
4.60E-08 
3.06E-18 
4.60E-12 
5.75E-03 
2.72E-02 
3.59E-04 
1.2813-04 
2.673-03 
3.923-08 
1.42E-12 

1.24E-11 
3.583-13 
3.443-09 
4.543-09 
0.00Et00 
3.37E-08 
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A . l  INTRODUCTION a 
CAP88-PC (EPA, 1992) was used to determine doses to on-site workers and off-site 

receptors. This evaluation was performed as part of the Operable Unit 3 Proposed 

PladEnvironmental Assessment for Interim Remedial Action at the Fernald Environ- 

Management Restropation. This Attachment is intended to provide detailed information on 

the technical aspects of the CAP88-PC atmospheric dispersion model. It also discusses the 

use of CAP88-PC in modeling the releases expected in the proposed interim remedial action. 

A . l . l  Background Information on CAPSSPC 

On October 3 1, 1989 the Environmental Protection Agency (EPA) issued final rules for 

radionuclide emissions to air under 40 CFR Part 61, National Emission Standards for 

Hazardous Air Pollutants (NESHAPS). Emission monitoring and compliance procedures for 

Department of Energy (DOE) facilities (40 CFR 61.93(a)) require the use of CAP-88 or 

AIRDOS-PC computer models, or other approved procedures, to calculate effective dose 

equivalents to members of the public. 0 
The CAP-88 (which stands for Clean Air Act Assessment Package-1988) computer model is a 

set of computer programs. databases and associated utility programs for estimation of dose 

and risk from radionuclide emissions to air. CAP-88 is composed of modified versions of 

AIRDOS-EPA (EPA, 1979) and DARTAB (ORNL, 1981). The original CAP-88 program is 

written in FORTRAN77 and has been compiled and run on an IBM 3090 under OSNS2, 

using the IBM FORTRAN compiler, at the EPA National Computer Center in Research 

Triangle Park, NC. CAP-88 is distributed by the Oak Ridge National Laboratory Radiation 

Shielding Information Center (RSIC). 

CAP88-PC is a version of CAP-88 adapted by EPA for use on personal computers. The 

CAP88-PC software package allows users to perform full-featured dose and risk assessments 

for the purpose of demonstrating compliance with 40CFR 61.93(a). CAP88-PC provides 

1 
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o assessments of both collective populations and maximally-exposed individuals. The complete 

set of dose and risk factors used in CAP-88 is provided. CAP88-PC differs from the dose 

assessment software AIRDOS-PC in that it estimates risk as well as dose. CAP88-PC offers 

a wider selection of radionuclide and meteorological data, it provides the capability for 

collective population assessments, and it allows users greater freedom to alter values of 

environmental transport variables. 

A.1.2 CAPSS-PC Model Summary 

CAP88-PC uses a modified Gaussian plume equation to estimate the average dispersion of 

radionuclides released from up to six sources. The sources may be either elevated stacks, 

such as a smokestack, or uniform area sources, such as a pile of uranium mill tailings. Plume 

rise can be calculated assuming either a momentum or buoyancy-driven plume. Assessments 

are done for a circular grid of distances and directions for a radius of 80 kilometers (50 

miles) around the facility. 

The program computes radionuclide concentrations in air, rates of deposition on ground 

surfaces, concentrations in food and intake rates to people from ingestion of food produced in 

the assessment area. Estimates of the radionuclide concentrations in produce, leafy 

vegetables, milk and meat consumed by humans are made by coupling the output of the 

atmospheric transport models with the U.S. Nuclear Regulatory Commission food chain 

models (NRC, 1977). 

CAP88-PC uses population arrays in the same format as the mainframe CAP-88 program. 

Sample population distributions for several DOE facilities are provided with CAP88-PC 

which were generated from a database of 1980 census data. Since census enumeration 

districts vary widely in size, the database is not precise at estimating population groups that 

are veiy close to a facility. Accordingly, the arrays can be modified with user-supplied 

supplemental data obtained from on-site population surveys. Distributions of beef cattle, milk 

cattle and crop productivity are generated by the program for the assessment area using 
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average agricultural productivity data for each of the fifty states. A library of meteorological 

data for dispersion estimates is supplied with CAP88-PC for most major cities and DOE 

facilities. 

a 
Dose and risk are estimated by combining the inhalation and ingestion intake rates, air and 

ground surface concentrations with the dose and risk conversion factors used in CAP-88. The 

effective dose equivalent is calculated using weighting factors recommended by the 

International Commission on Radiological Protection (ICRP, 1977). Risks are based on 

lifetime risk from lifetime exposure, with a nominal value of 4E-4 cancerslrem. Doses and 

risks can be tabulated as a function of radionuclide, pathway, location and organ, CAP88-PC 

also tabulates the frequency distribution of risk, showing the number of people at various 

levels of risk. The risk levels are divided into orders of magnitude, from one in ten to one in 

a million. 

The mathematical models and equations used in CAP88-PC are discussed in detail in Section 

A.2. 

A.1.3 CAPS8-PC Model Verification 

The CAP88-PC programs are said to represent the best available verified programs for the 

purpose of making comprehensive dose and risk assessments (EPA, 1992). The Gaussian 

plume model used in CAP88-PC to estimate dispersion of radionuclides in air is one of the 

most commonly used models in government guidebooks. It produces results that agree with 

experimental data as well as any other dispersion model, and it is consistent with the random 

nature of turbulence. 

, The EPA Office of Radiation Programs has made comparisons between the predictions of 

annual average ground-level concentration to actual environmental measurements, and found 

very good agreement. In  the recent paper "Comparison of AIRDOS-EPA Prediction of 

Ground-Level Airborne Radionuclide Concentrations to Measured Values" (EPA, 1992), a 3 
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environmental monitoring data at five Department of Energy (DOE) sites were compared to 

AIRDOS-EPA predictions. EPA concluded that as often as not, AIRDOS-EPA predictions 

are within a factor of 2 of actual concentrations. 

A.1.4 Limitations o f  CAPSS-PC 

Like all models, there are some limitations in the CAP88-PC system. EPA plans to make 

improvements on a continuing basis as new techniques become available. 

While up to six stack or area sources can be modeled, all the sources are modeled as if 

located at the same point. The same plume rise mechanism (buoyant or momentum) is used 

for each source. Also, area sources are treated as uniform. Variation in radionuclide 

concentrations due to complex terrain cannot be modeled. 

Errors arising from these assumptions will have a negligible effect for assessments where the 

0 distance to exposed individuals is large compared to the stack height, area, or facility size. 

Dose and risk estimates from CAP88-PC are applicable only to low-level chronic exposures, 

since the health effects and dosimetric data are based on low-level chronic intakes. CAP88- 

PC cannot be used for modeling short-term radionuclide intakes without applying external 

factors to the computed results. The factors that were applied in the accidental release 

scenarios are discussed in Section 4 of this Report. 

A.2 DETAILED DESCRIPTION OF THE CAPSS-PC MODEL 

This section presents the mathematical models and equations used in CAP88-PC for 

environmental transport and estimation of dose and risk. In order to facilitate comparison of 

the programs with the theoretical model by interested users, the actual variable names used in 

the CAP88-PC FORTRAN code have been included in brackets, where applicable, following 

the explanation of the mathematical symbols used in the formulas. 
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A .2.1 Environmental Transport e 
CAP88-PC incorporates a modified version of the AIRDOS-EPA (EPA, 1979) program to 

calculate environmental transport. Relevant portions of this document are reproduced here, as 

referenced. 

A.2.1.1 Plume Rise 

CAP88-PC calculates plume rise in the subroutine CONCEN using either Rupp's equation 

(AEC, 1948) for momentum dominated plume rise, or Briggs' equations (AEC, 1969) for hot 

buoyant plumes (EPA, 1979). CAP88-PC also accepts user-supplied values for plume rise for 

each Pasquill stability class. The plume rise, Ah, is added to the actual physical stack height, 

h [PHI, to determine the effective stack height, H. The plume centerline is shifted from the 

physical height, h, to H as it moves downwind. The plume centerline remains at H unless 

gravitational settling of particulates produces a downward tilt, or until meteorological 
n 

conditions change. 0 
Rupp's equation for momentum dominated plumes is: * 

(Equation 1) 

where: 

A h =  plume rise [PR] 

V - - effluent stack gas velocity (dsec) [VEL] 

d - - inside stack diameter (m) [DIA] 

P - - wind velocity (dsec )  [U] 

CAP88-PC models Briggs' buoyant plume rise for stability categories A, B, C, and D with: 

1.6F" x% 
P 

A h =  

5 

(Equation 2) 
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where: 

Ah 

F 

QH 

X 

P 

I 

g& 5 4: 41" 

- - plume rise [PR] 

- - 3.7 x QH 

- - 
- - downwind distance (m) 

- - wind speed (dsec)  [U] 

heat emission from stack gases (caYsecj [QH] 

This equation is valid until the downwind distance is approximately ten times the stack 

height, 10h, where the plume levels off. For downwind distances greater than lOh, the 

equation used is: 

1.6 F" (lOh)% 
P 

ah= (Equation 3) 

Equation (2) is also used to a distance of X = 2.4pS" for stable categories E, F, and G, 

beyond which the plume is assumed to level off. For higher values of x, the stability 

parameter, S, is used in the equation: 

A h =  2.9(F/pS)* 

in which: 
e 

S - WT,) (dT,/dz + r >  (Equation 5) 

g - - gravitational acceleration (dsec') 

Ta - - air temperature (OK) [TEMPERATURE] . 

dT,/dz = vertical temperature gradient ("Wm) [TG] 

Z - - vertical distance above stack (m) 

r =  adiabatic lapse rate of atmosphere (0.0098' Wm) 

The value of the vertical temperature gradient, dTa/dz, is positive for stable categories. In 

CAP88-PC, dT,/dz values are: 

7.280E-02 

1.090E-0 1 

"Wm for Pasquill category E 

"Wm for Pasquill category F 

1.455E-0 1 "Wm for Pasquill category G 

6 
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The true-average wind speed for each Pasquill stability category is used in CAP88-PC to 

estimate plume rise. as it is greater than the reciprocal-averaged wind speed, and produces a 

smaller, more conservative plume rise. This procedure does not risk underestimating the 

significant contribution of relatively calm periods to downwind nuclide concentrations which 

could result from direct use of a plume rise calculated for each separate wind-speed category. 

This procedure avoids calculating an infinite plume rise when wind speed is zero (during 

calms), since both momentum and buoyancy plume rise equations contain wind speed in the 

denominator (EPA, 1979). 

CAP88-PC also accepts user-supplied plume rise values, for situations where actual 

measurements are available or the supplied equations are not appropriate. For example, 

plume rises of zero may be used to model local turbulence created by building wakes. 

A.2.1.2 Plume Dispersion 

Plume dispersion is modeled in the subroutine CONCEN with the Gaussian plume equation of 

Pasquill (Pasquill, 1961 and EPA, 1979), as modified by Gifford (Gifford, 1976): 

0 exp[ -Vi( y/oJ2] { exp[ W ( z -  H)/O,)~] + e x p [ - ~ ( ( ~ + H ) / o , ) ~ I }  X 
2 ~ ~ , W  (Equation 6) 

- - 

0 
where 

X - - concentration in air (chi) at x meters downwind, y meters crosswind, 

and z meters above ground (Cum3) [ACON] 

release rate from stack (Cusec) [REL] Q =  
P - - wind speed (dsec)  [U] 

9 - - horizontal dispersion coefficient (m) 

0, - - vertical dispersion coefficient (m) 

H - - effective stack height (m) 

Y - - crosswind distance (m) 

vertical distance (m) - Z - 

7 
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The downwind distance x comes into Equation (6) through oy and G,, which are functions of 

x as well as the Pasquill atmospheric stability category applicable during emission from the 

stack. CAP88-PC converts X in Equation (6) and other plume dispersion equations from units 

of curies per cubic meter to units of picocuries per cubic centimeter. 

Annual-average meteorological data sets usually include frequencies for several wind-speed 

categories for each wind direction and Pasquill atmospheric stability category. CAP88-PC 

uses reciprocal-averaged wind speeds in the atmospheric dispersion equations, which permit a 

single calculation for each wind-speed category. 

Equation (6) is applied to ground-level concentrations in air at the plume centerline by setting 

y and z to zero, which results in: 

X - - o e x p [ - 1 / 2 ( ~ o , ) ~ ]  
no,o,P (Equation 7) 

The average ground-level concentration in air over a sector of 22.5" can be approximated by 

the expression: 

fX - L e  - 0 (Equation 8) 

where f is the integral of the exponential expression: 

e x p  [-~i(y/o,)~] 

In Equation (6) from a value of y equals zero to infinity divided by y,, the value of y at the 

edge of the 22.5" sector, which is the value of the downwind distance, x, multiplied by the 

tangent of half the sector angle. The expression is: 

The definite integral 

(3, W2)" 

in the numerator of Equation (9) is evaluated as: 

(Equation 9) 

(Equation 10) 
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e. 54.41 
Since y, = x tan (1 1.25"), 

6.300836 (3, - f - Equation '11 I 
X 

The equation for sector-averaged ground level concentration in air is therefore: 

X - O exp[-~i/2(W~,)'] (Equation 12) - 
0.15871 x x 0, p 

This method of sector-averaging compresses the plume within the bounds of each of the 

sixteen 22.5" sectors for unstable Pasquill atmospheric stability categories in which horizontal 

dispersion is great enough to extend significantly beyond the sector edges. It is not a precise 

method, however, because the integration over the y-axis. which is perpendicular to the 

downwind direction. x, involves increasing values for x as y is increased from zero to 

infinity. 

An average lid for the assessment area is provided as part of the input data. The lid is 

assumed not to affect the plume until x becomes equal to 2x,, where x, is the value for x for 

which G~ = 0.47 times the height of the lid @PA, 1970). For values of x greater than 2x,, 

vertical dispersion is restricted and radionuclide concentration in air is assumed to be uniform 

from ground to lid. 

0 

The average concentration between ground and lid, which is the ground-level concentration in 

air for values of x greater than 2x,, may be expressed by: 

I" X& (Equation 13) 

Where X is taken from Equation (6) and L is lid height. The value of H in Equation (6) may 

be set at zero since X,,, is not a function of the effective stack height. 

9 
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The resulting simplified expression may be evaluated for constant x and y 

held constant) by using a definite integral similar to that in Equation (1 0): 

values (oy and 0, 

(Equation 14) 

The result is: 

(Equation 15) 

One obtains the sector-averaged'concentration at ground level by replacing the exponential 

expression containing y by f in Equation (1 1): 

- - Q 
0.397825 x L p xoye 

(Equation 16) 

It should be noted at this point that for values of the downwind distance greater than 2X, 

dispersion, as expressed in Equation (16), no longer can be said to be represented by the 

Pasquill equation. The model is simply a uniform distribution with a rectangle of dimensions 

LID and 2x tan (1 1.25'). 

Gravitational settling is handled by tilting the plume downward after it has leveled off at 

height H by subtracting V, xjp from H in the plume dispersion equations. With CAP88-PC, 

V, is set at the default value of zero and cannot be changed by the user. 

A.2.1.3 Dry Deposition 

Dry deposition is modeled in the subroutine CONCEN as being proportional to the ground- 

level concentration of the radionuclide (EPA, 1979): 

'dX 
- - 

Rd 

10 



where: a Rd - - surface deposition rate (pCi/cm'-sec) 

Vd - - deposition velocity (cdsec) [VD] 

X - - ground-level concentration (chi) in air (pCi/cm3) [ACON] 

Although V, has units of velocity, it is only a proportionality constant and is usually higher 

than the actual, measured velocity of radionuclides falling to the ground. The proportionality 

constant must include deposition from fallout interception by foliage, which subsequently falls 

to the ground and so adds to ground deposition. Defaults for deposition velocity used by 

CAP88-PC are 3.5E-2 d s e c  for iodine, 1.8E-3 d s e c  for. particulates and zero for gases. 

A.2.1.4 Precipitation Scavenging 

The deposition rate from precipitation scavenging (EPA, 1979), which occurs when rain or 

snow removes particles from the plume, is modeled in CONCEN with: 

where: 

Rs - - surface deposition rate (pCi/cm*-sec) 

0 - - .scavenging coefficient (sec-'1 [SC] 

X w e  - - 
L - - lid height (tropospheric mixing layer) (cm) &ID] 

average concentration in plume up to lid height (pCi/cm3) [ACON] 

The scavenging coefficient, 9 (in sec-'), is calculated in CAP88-PC by multiplying the rainfall 

rate, [RR] (in crdyr), by 1E-7 yrkm-sec. 

A.2.1.5 -Plume Depletion 

Radionuclides are depleted from the plume by precipitation scavenging, 

radioactive decay. Depletion is accounted for by substituting a reduced a 11 

dry deposition and 

release rate, Q', for 

. .  . i 
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the original release rate Q for each downwind distance x (AEC, 1968). The ratio of the 

reduced release rate to the original is the depletion fraction. The overall depletion fraction 

used in CAP88-PC is the product of the depletion fractions for precipitation scavenging, dry 

deposition and radioactive decay. 

For precipitation scavenging the depletion fraction for each downwind distance (x) is: 

where: 

0 - - scavenging coefficient (sec-'1 [SC] 

t - - time (sec) required for the plume to reach the downwind distance x 

The depletion fraction for dry deposition is derived by using Equation (6) with z set to zero 

for ground-level concentrations, and subtracting the quantity (Vs x)/U from H for a tilted 

plume (AEC, 1968 and EPA, 1979): I 

where: 

Vd - - deposition velocity (dsec )  [VD] 

CL - - wind speed (dsec)  [u] 

0, - - vertical dispersion coefficient (m) 

vs - - gravitational velocity (dsec )  [VG] 

H - - effective stack height (m) 

downwind distance (m) - X - 

The integral expression is evaluated numerically. Values for the vertical dispersion 

coefficient 0, are expressed as functions of x in the form xD/F where D and F are constants 

12 
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with different values for each Pasquill atmospheric stability category, to facilitate integrations 

over x. 

Values for the depletion fraction for cases where V, is zero are obtained from the subroutine 

QY in CAP-88. Subroutine QY obtains depletion fractions for the conditions v d  = 0.01 d s e c  

and p = 1 d s e c  for each Pasquill stability category from the data file REFA.DAT. This file 

contains values for release heights (meters) of 

1, 1.5, 2, 3, 4, 5, 6. 7, 8, 9, 10, 12.5, 15, 17.5, 20, 25, 30, 35, 40, 50, 60, 70, 80, 90, 100, 

120, 140, 160, 180, 200, 240, 260, 300 and 400. 

and for downwind distances (meters) of 

35, 65, 100, 150, 200, 300, 400, 500, 650, 800, 1,000, 1,500, 2,000, 4,000, 7,000, 10,000, 

25,000, 60,000, 90,000 and 200,000. 

The stored depletion fractions were calculated numerically with a Simpson's rule routine. QY 0 
uses a linear interpolation to produce a fraction for the required downwind value, release 

height and Pasquill category for vd = 0.01 d s e c  and p = 1 dsec .  The value is then 

converted to the appropriate value for the actual deposition velocity and wind speed by use of 

the equation: 

(Q'/Q)z - - (QVQ), loo vd/p 

in which subscript 2 refers to the desired value and subscript 1 refers to the value for v d  = 

0.01 d s e c  and p = 1 dsec.  

For downwind distances greater than 2x, where Equation 15 applies to the ground-level 

concentrations in air, the depletion is modeled with (EPA, 1979): 

13 
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which shows the reduced release rates at distances x and 2x,, respectively. 

The depletion fraction for radioactive decay is: 

where: 

A, - - effective decay constant in plume [ANLAM] 
t - - time required for plume travel 

The decay constant used is referred to as the "effective decay constant" since it is not the true 

radiological decay constant in all cases. For example, if a radionuclide is a short-lived decay 

product in equilibrium with a longer-lived parent, the effective decay constant would be equal 

to the true radiological decay constant of the parent. 0 
The atmospheric dispersion equations use the reciprocal-averaged wind speed, but neither this 

value nor the true average wind speed can adequately be used to calculate reduced release 

rates to account for radiological decay and scavenging losses because averaging of 

exponential terms is required. CAP88-PC uses an approximate calculational method for this 

purpose which establishes three wind speeds (1 m/sec, the average wind speed, and 6 d s e c )  

to simulate the actual wind-speed spectrum for each specific wind direction and Pasquill 

category. The wind speeds 1 and 6 d s e c  were chosen because they approximate the upper 

and lower bounds in most meteorological data sets. 

0 

If f , ,  f2 and f3 are designated as the time fractions for the three wind speeds, then: 

f ,  + (pa fJ + 6 f3 = pa* 
f ,  + (f2/pa ) + f3/6 = l/pr 

and 

f ,  + f2 + f3 = 1 

14 
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where: 

Pa - - arithmetic-average 

Pf - - reciprocal-average 

wind speed[UDAV] 

wind speed [UDCAT] 

Solving the three simultaneous equations yields: 

1 - f2 - f3 

(716) - (Pd6) - (Wa) 

- - 
f 1 

f2 - - (7/6) - (U1/6) - CI/UJ 

f3  - - (u, - 1 )  (1 - fa 
5 

The depletion fraction to account for radioactive decay is then approximated by: - 

f ,  exp ( -hp)  + f. exp[-h,(x/p.,)l + f3  exp[-hr(x/6ji 

where: 

hf - - effective decay constant in plume (sec-') [ANLAM] 

Pa - - arithmetic-average wind speed [UDAV] 

X - - downwind distance (m) 
1 

For precipitation scavenging losses, the depletion fraction is: 

f ,  exp (-Ox) + f., exp [-@(dPJI + f3  exp [-@W6)1 
where $ is the scavenging coefficient (sec-'). 

The overall depletion fraction is calculated by multiplying the depletion fraction for dry 

deposition by the fraction for radioactive decay and precipitation scavenging. 

A.2.1.6 Dispersion Coefficients 

The horizontal and vertical dispersion coefficients (o,, and o,), used for dispersion calculation 

in CONCEN and for depletion fraction determination in QY are recommended by G.A. Briggs 

of the Atmospheric Turbulence and Diffusion Laboratory at Oak Ridge, Tennessee (EPA; 

15 



1979 and Gifford, 1976). The coefficients are different functions of the downwind distance x 

for each Pasquill stability category for open-country conditions, as shown: 

Pasquill 0, o* 
category (m) ( m) 

A 0.22 x ( 1  + 0.0001x)-" 0.20 x 

B 0.16 x ( 1  + O.OOOlx)-" 0.12 x 

C 0.11 x ( 1  + 0.0001x)'" 0.08 x ( 1  + O.O002x)-" 

. D  
E 
F 

0.08 x ( 1  + O.OOOlx)-" 

0.06 x ( 1  + 0.0001~)'" 

0.04 x ( 1  + 0.0001~):" 

0.06 x (1 + 0.0015x)-" 

0.03 x ( 1  + 0.0003~)" 

0.016 x ( 1  + O.O003x)-' 

G calculated by subtracting half the difference between values 
for categories E and F from the value for category F. 

where: 

X - - downwind distance 

CAP88-PC uses the functions in the form of 

- - xA/c OY 

0, - - XD/F 

to facilitate integrations over x. Values for A, C, D, and F for each stability category and 

downwind distance are stored in a CAPS-PC data statement. 

Table A.l defines the Pasquill Stability Categories in terms of incoming solar radiation and 

surface wind speed at 10m. Tables A.2 and A.3 describe the standard deviation of vertical 

and horizontal wind directions for the various stability categories. The dispersion coefficients 

(3, and CT, are plotted as a function of downwind distance in Figures A.l and A.2. 
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A.2.1.7 Area Sources 

Uniform area sources are modeled in CAP88-PC using a method borrowed from AIRDOS- 

EPA (EPA- 1979). The method transforms the original area source into an annular segment 

with the same area. The transformation is dependent on the distance between the centroid of 

the area source and the receptor. At large distances (where the distanceidiameter ratio is 2.5), 

the area source is modeled as a point source; at close distances it becomes a circular source 

centered at the receptor. A point source model is also used if the area source is 10 meters in 

diameter or less. 

The principle of reciprocity is used to calculate the effective chi/Q. The problem is 

equivalent to interchanging source and receptor and calculating the mean chi/Q from a point 

source to one or more sector segments according to the angular width of the transformed 

source. The mean value of chi/Q for each sector segment is estimated by calculating chi/Q at 

the distance which would provide the exact value of the mean if the variation in chi/Q were 

proportional to r-'.' for distances from the point source to location within the sector segment. 0 

17 



Table A.1 Key to Stability Categories (EPA, 1970) 

0 Surface Day" Night" 
Wind Speed 
(at 10 m), 
m/sec' 

Thinly Overcast 

Strong Moderate Slight 2 4/8 Low Cloud 

Incoming Solar Radiation 
or I 3/8 Cloud 

<2 

2-3 

3-5 
/ 5 -6 

>6 

A A-B B 

A-B B C 

B B -C C 

E 

D 

E 
E 

C C-D D D D 

C D D D D 

The neutral class, D, should be assumed for overcast conditions during day or night. 

Table A.2 P-G Stability Category Versus Vertical Wind Direction Fluctuation, Ge 

(EPA, 1980) 

P-G Stability Category Standard Deviation of 
Vertical Wind Direction,bo, 

A 

B 

C 

D 

E 

F 

> 1'2" 

10"- 12" 

7.8"-10" 

5"-7.8" 

2.4"-5" 

~ 2 . 4 "  

"These values may require adjustment for surface roughness. 
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Table A.3 P-G Stability 
(EPA, 1980). 

Categories Versus Horizontal Wind Direction Fluctuation, 0, 

P-G Stability Category Range of Standard 
Deviation, Degrees 

A 0, 2 22.5 

B 

C 

22.5 > 6, 2 17.5 

17.5 > 6, 2 12.5 

D 12.5 > 0, 2 7.5 

E 
F 

7.5 > 0, 2 3.8 

3.8 > ‘3, 

19 
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source (EPA, 1980). 



. .. . ... 
. .  

.i: 
* . . .c . -  ... ;:: 

. .  . . . ._. ;' 
ui 

e* 54 .41  

The chi/Q for the entire transformed source is the sum of the chi/Q values for each sector 

weighted by the portion of the total annular source contained in that sector. 

A.2.1.8 Carbon- 14 and Tritium 

Special consideration is given to the radionuclides hydrogen-3 (tritium), carbon- 14, and radon- 

222. The specific activity of tritium in air is calculated for an absolute humidity of 8 mg/m3. 

The specific activity of atmospheric carbon-14 is calculated for a carbon dioxide 

concentration of 330 ppm by volume. Concentrations of these nuclides in vegetation are 

calculated on the assumption that the water and carbon content in vegetation are from ,he 

atmosphere and have the same specific activity as in the atmosphere. Drinking water is 

assumed to be one percent (1%) tritiated. 

A.2.1.9 Rn-222 Working Levels 

The radon decay product concentration (in working level units) is estimated using an 

equilibrium fraction that varies as a function of travel time, assuming a wind speed of 3.5 

metedsecond, with a final equilibrium fraction of 0.7. 

0 
Equilibrium fractions for radon decay products are calculated as a function of downwind 

distance, starting at 0.267 at 150 meters and reaching a final equilibrium fraction of 0.698 at 

1955 1 meters. Equilibrium fractions for specific distances are calculated by linear 

interpolation, using this table: 

21 
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Equilibrium 
(meters) Fraction s 5 4.41 
150 
200 
250 
300 
400 
500 
600 
800 
1000 
1500 
2000 
2500 
3000 
4000 
5000 
6000 
8000 
10000 
15000 
19551 

.267 

.273 

.276 

.278 

.284 

.289 

.293 

.302 

.311 

.33 1 

.349 

.366 

.382 

.414 

.443 

.47 1 

.522 

.566 

.650 

.698 

A.2.1.10 Ground Surface Concentrations 

Ground surface and soil concentrations are calculated taking into account both dry deposition 

and precipitation scavenging. The deposition accumulation time, [TSUBB], is assumed to be 

100 years. This value corresponds to establishing a 100-year cutoff for the time following a 

release when any significant intake or external exposure associated with deposition on Soil 

might take place. 

Ingrowth from a parent radionuclide is calculated using a decay product ingrowth factor. The 

ingrowth factor is the ratio of the decay product concentration resulting from a unit deposition 

rate of the parent and the decay product respectively. The factors are for a 100 year 

accumulation time and a removal rate from soil of 2 percent per year. 

22 
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A.2.2 Dose and Risk Estimates a 
CAP88-PC uses a modified version f DARTAB (ORNL, 1980) and database of dose and 

risk factors for estimating dose and risk. Relevant portions of these documents are 

reproduced here. as referenced. 

Dose and risk conversion factors include the effective dose equivalent calculated with the 

weighting factors in ICRP Publication Number 26 (ICRP, 1977). Risk factors are based on 

lifetime risk from lifetime exposure with a nominal value of 4E-4 fatal cancers/rem (EPA, 

1989). Dose and risk factors are provided for the pathways of ingestion and inhalation intake, 

ground level air immersion and ground surface irradiation. Factors are further broken down 

by particle size [SIZE], clearance class [CLEARANCE-CLASS] and gut-to-blood [GI-ING 
and GI-INH] transfer factors. These factors are stored in a database for use by the program. 

For assessments where Rn-222 decay products are not considered, estimates of dose and risk 

are made by combining the inhalation and ingestion intake rates, air and ground surface 

concentrations with the appropriate dose and risk conversion factors. CAP88-PC lists the 

dose and risk to the maximum individual and the collective population. CAP88-PC calculates 

dose to the gonads, breast, red marrow, lungs, thyroid, and endosteum in addition to the 50 

year effective dose equivalent. Risks are estimated for these cancers: leukemia, bone, 

thyroid, breast, lung, stomach, bowel, liver, pancreas and urinary. Doses and risks can be 

further tabulated as a function of radionuclide, pathway, location and organ. 

0 

For assessments of Rn-222 decay products, CAP88-PC calculates working levels, not 

concentrations of specific radionuclides. A working level [WLEVEL] is defined as any 

combination of short-lived radon decay products in 1 liter of air that will result in the ultimate 

emission of 1.3 x 10’ MeV of alpha particle energy. CAP88-PC calculates risk, but not dose, 

from the working level calculations. Risk to the maximum individual and the collective 

population are tabulated. 

23 
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5 4.4'11' 
For each assessment, CAP88-PC tabulates the frequency distribution of risk, that is, the 

number of people at various levels of risk (lifetime risk). The risk categories are divided into 

powers of ten, from 1 in ten to one in a million. The number of health effects are also 

tabulated for each risk category. 

A.2.2.1 Air Immersion 

Individual dose is calculated for air immersion with the general equation: 

where: 

Eij(k) = exposure rate, person-pCi/cm' [EXPP] 

DFij, = dose rate factor, mrem/nCi-yr/m* [DOSE] 

P(k) = number of exposed people [POP] 

0 Kj = 0.001 nCi/pCi x 1,000,000 cm3/m3 (proportionality factor) [FAC] 

Risk is calculated similarly, by substituting the risk conversion factor, RISK, for DOSE. The 

risk conversion factor is in units of risk/nCi-yr/m3. 

A.2.2.2 Surface Exposure 

Individual dose is calculated for the ingestion and inhalation exposure pathway with the 

general equation: 

where: 

Eij(k) = exposure rate, person-pCi/cm3 [EXPP] 

DF,, = dose rate factor, mrednCi-yr/m3 [DOSE] 

24 

.. . . 



-. \ 

? -  

= 

Kj = 

Risk is calculated by 

number of exposed people [POP] 

0.001 nCi/pCi x 1,000,000 cm3/m3 (proportionality factor) [FAC] 

substituting the risk conversion factor, RISK (risWnCi), for DOSE. 

I 

A.2.2.3 Ingestion and Inhalation 

Individual dose is calculated for the ingestion and inhalation exposure pathway with the 

general equation: 

Eu (k) q j l  5 p (k) 

where: 

Eij(k) = exposure rate, person-pCi/cm3 [ExPP] 

DF,, = dose rate factor, mrem/nCi-yr/m3 [DOSE] 

Po<) = number of exposed people [POP] 

Kj = 0.00 1 nCi//pCi x 1,000,000 cm3/m3 (proportionality factor) [FAC] 

Risk is calculated by substituting the risk conversion factor, RISK (risWnCi), for DOSE. 

A.2.2.4 Maximallv-ExDosed Individual 

Doses for the maximally-exposed individual in population runs are estimated by CAP88-PC 

for the location, or sector-segment in the radial assessment grid, of highest risk where at least 

one individual actually resides. The effective dose equivalent for the maximally-exposed 

individual is tabulated in mrem/yr for a 50 year exposure. Risk is estimated as total lifetime 

risk for a lifetime exposure [AGEX] of 70.7565 years. 

25 
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A.2.2.5 Collective Pouulation 

Collective population dose and risk are found by summing, for all sector segments, the intake 

and exposure rates multiplied by the appropriate dose or risk conversion factors (ORNL, 
198 1). Collective population dose is reported by person-Redyr (not millirem), and collective 

risk is reported in deathdyr. Note that collective risk is reported as annual risk, while 

maximally-exposed individual risk is reported as lifetime risk. 

26 
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A . 3  APPLICATION OF CAP88-PC FOR THIS ASSESSMENT a 
A.3.1 Environmental Transport 

No bouyant plume rise was used because there is no heating of the airborne effluent. The 

code was not used to calculate a higher effective stack height. The stack height used was the 

height of the major building associated with each of nine plant complexes. 

Calculation of the plume dispersion was in accordance with Equation 6 using the release rate 

for the characteristic set of 34 radionuclides for each of the nine plant complexes. Wind 

speed and direction frequencies utilized average meteorological conditions at the FEMP. 
Wind speed and distribution frequencies, along with the probabilities for the Pasquill 

atmospheric stability categories, were based upon average site meteorological conditions. 

P ’ , .  
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A S  CAPSS-PC REPORTS 

A.5.1 Four Plant Source Term On-Site 

Synopsis Report 

General Data 

Dose and Risk Equivalent Summaries 

A.5.2 Four Plant Source Term Off-Site 

Synopsis Report 

General Data 

Dose and Risk Equivalent Summaries 

A.5.3 Plant 8 Accident On-Site 

Synopsis Report 

General Data 

Dose and Risk Equivalent Summaries 

A.5.4 Plant 8 Accident Off-Site 

Synopsis Report 

General Data 

Dose and Risk Equivalent Summaries 

AS.. 

.- . 

I 

Safe Shutdown On-Site 

Synopsis Report 

General Data 

Dose and Risk Equivalent Summaries 
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A.5.6 Safe Shutdown Off-Site 

Synopsis Report 

General Data 

Dose and Risk Equivalent Summaries 

A.5.7 Central Storage Facility - Soil Wastes - On-Site 

Synopsis Report 

General Data 

Dose and Risk Equivalent Summaries 

A.5.8 Central Storage .Facility - Soil Wastes - Off-Site 

Synopsis Report 

General Data 

Dose and Risk Equivalent Summaries 

A.5.9 Central Storage Facility - Plant Wastes - On-Site 

Synopsis Report 

General Data 

Dose and Risk Equivalent Summaries 

A.5.10 Central Storage Facility - Plant Wastes - Off-Site 

Synopsis Report 

General Data 

Dose and Risk Equivalent Summaries 
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CAP88-PC 

Version 1.00 

Clean Air Act Assessment Package - 1988 

SYNOPSIS REPORT 

Non-Radon Individual Assessment 

Oct. 22, 1993 4:40 pm 

Facility: FEMP 
Address: 7400 Willey Road 
City: Fernald 
State: OH 
Zip: 45239 

At This Location: 
Source Category: 
Source Type: 
Emission Year: 

Comments: 

Dataset Name: 
Dataset Date: 
Wind File: 

Effective Dose Equivalent 
(mredyear) 

2.48E-02 

374 Meters Northeast 
Four Plant Source Term On-site 
Stack 
94 

5441 

On-site worker at 1 12,223,299, 3 16 and 374 m. For distributed on-site 
worker population. 

Onsiteworkersa114 
Oct. 22, 1993 4:40pm 
WNDFILESWP8792.WND 



oct 22, 1993 4:40 pm 
SYNOPSIS 

Page 1 

MAXIMALLY EXPOSED INDIVIDUAL 

Location Of The Individual: 374 Meters 
Northeast 

Lifetime Fatal Cancer R i s k :  3.253-07 

I 

ORGAN DOSE EQUIVALENT SUMMARY 

Organ 

Dose 
Equivalent 

( mrem / y 1 

GONADS 
BREAST 
R M A R  
LUNGS 
THYROID 
ENDOST 
RMNDR 

EFFEC 

1.51E-04 
7.98E-05 
1.26E-03 
2.00E-01 
5.40E-05 
1.55E-02 
4.92E-04 

2.483-02 



Oct 22, 1993 4:40 pm 
SYNOPSIS 

Page 2 

RADIONUCLIDE EMISSIONS DURING THE YEAR 94 

Source 
#I TOTAL 

Nuclide Class Size Ci/y Ci/y 

U-238 
TH-234 
PA-2 3 4M 
U-234 
TH-230 
RA-226 
PO-218 
PB-214 
BI-214 
PO-214 
U-236 
U-235 
TH-231 
TC-99 
TH-232 
RA-228 
AC-228 
TH-228 
RA-224 
PO-216 
PB-212 
BI-212 
PO-212 
TL-208 
U-233 
PU-239 
NP-237 
PA-2 3 3 
PU-238 

' CS-137 
BA-137M 
SR-90 
Y-90 

Y 3.00 6.2E-05 
Y 3.00 6.2E-05 
Y 3.00 6.2E-05 
Y 3.00 6.2E-05 
Y 3.00 1.4E-06 
Y 3.00 1.9E-07 
W 3.00 1.9E-07 
D 3.00 1.9E-07 
W 3.00 1.9E-07 
W 3.00 1.9E-07 
Y 1-00 4.OE-06 
Y 1.00 4.OE-06 
Y 1.00 4.OE-06 
W 1.00 7.23-06 
Y 3.00 1.8E-07 
Y 3.00 8.63-08 
Y 3.00 8.6E-08 
Y 3.00 1.7E-07 
Y 3.00 1.7E-07 
W 3.00 1.7E-07 
D 3.00 1.7E-07 
W 3.00 1.7E-07 
W 3.00 l.lE-07 
D 3.00 6.3E-08 
Y 1-00 1.6E-05 
Y 1.00 9.8E-07 
Y 1.00 8.3E-08 
Y 1-00 8-33-08 
Y 1.00 5.OE-08 
D 1.00 1.2E-07 
D 1.00 1.2E-07 
Y 1.00 6.3E-08 
Y 1-00 6.3E-08 

6.2E-05 
6.2E-05 
6.2E-05 
6.2E-05 
1.4E-06 
1.9E-07 
1.9E-07 
1.9E-07 
1.9E-07 
1.91~-07 
4.OE-06 
4.OE-06 
4.OE-06 
7.2E-06 
1.8E-07 
8.6E-08 
8.6E-08 
1.7E-07 
1.7E-07 
1.7E-07 
1.71~-07 
1.7E-07 
1.1E-07 
6.3E-08 
1.6E-05 
9.8E-07 
8.3E-08 
8.3E-08 
5.OE-08 
1.2E-07 
1.2E-07 
6.3E-08 
6.3E-08 

SITE INFORMATION 

Temperature: 13 degrees C 
Precipitation: 102 cm/y 



Mixing Height: 1000 m a 

. 



@ 54.48 
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Oct 22, 1993 4:40 pm 
SYNOPSIS 

Page 3 

SOURCE INFORMATION 

Source Number: 1 

Stack Height (m) : 19.00 
Diameter (m): 0.00 

Plume Rise 
Buoyant (cal/s): O.OOE+OO 

(Heat Release Rate) 

AGRICULTURAL DATA 

Vegetable Milk 
Meat 

0 . 0 0 0  

0 . 0 0 0  

1 . 0 0 0  

_ _ y .  ..--_- - . - . - - - - ~ * ~ -  

Fraction Home Produced: 0.000 0.000 

0.000 0 . 0 0 0  Fraction From Assessment Area: 

Fraction Imported: 1 . 0 0 0  1.000 

Food Arrays were not generated for this run. 
Default Values used. 

DISTANCES USED FOR MAXIMUM INDIVIDUAL ASSESSMENT 

112 223 299 316 374 



m 

C A P 8 8 - P C  

Version 1-00 

Clean Air Act Assessment Package - 1988 

G E N E R A L  D A T A  

Non-Radon Individual Assessment 
Oct 22, 1993 4:40 pm 

Facility: FEMP 

Address: 7400 Willey Road 

City: Fernald 
State: OH Zip: 45239 

Source Category: Four Plant Source Term On-site 

Source Type: Stack 
Emission Year: 94 

Comments: On-site worker at 112, 223, 299, 316 and 374 

For distributed On-site worker population 

Dataset Name: Onsitworkersall4 
Dataset Date: Oct 22, 1993 4:40 pm 

Wind File: WNDFILES\FMP8792.WND 

000297 
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Oct 22, 1993 4:40 pm 
GENERAL 

Page 1 

VALUES FOR RADIONUCLIDE-DEPENDENT PARAMETERS 

Dry 
Particle Scavenging 

C 1 earanc e Size Coefficient 
Deposition 

Velocity 

(m/s) 
Nuclide Class (microns) (per second) 

U-238 
1.80E-03 

TH-234 
1.80E-03 

PA-234M 
1.80E-03 

U-234 
1.80E-03 

TH-230 
1.80E-03 

RA-226 
1.80E-03 

PO-218 
1.80E-03 

PB-214 
1.80E-03 

BI-214 
1.80E-03 

PO-214 
1.80E-03 

U-236 
1.80E-03 

U-235 
1.80E-03 

TH-231 

TC-99 

TH-232 

1.80E-03 

1.80E-03 

1.80E-03 
RA-228 

1.80E-03 
AC-228 

Y 

Y 

Y 

Y 

Y 

Y 

W 

D 

W 

W 

Y 

Y 

Y 

W 

Y 

Y 

Y 

3.0 

3.0 

3.0 

3.0 

3.0 , 

3.0 

3.0 

3.0 

3.0 

3.0 

1.0 

1.0 

1.0 

1.0 

3.0 

3.0 

3.0 

1.02E-05 

1.02E-05 

1.02E-05 

1.02E-05 

1.02E-05 

1.02E-05 

1.02E-05 

1.02E-05 

1.02E-05 

1.02E-05 

1.02E-05 

1.02E-05 

1.02E-05 

1.02E-05 

1.02E-05 

1.02E-05 

1.02E-05 



1.80E-03 
TH-228 

1.80E-03 
RA-224 

1.80E-03 
PO-216 

1.80E-03 
PB-212 

1.80E-03 
BI-212 

PO-212 

TL-208 

1.80E-03 

1.80E-03 

1.80E-03 
U-233 

1.80E-03 
PU-239 

1.80E-03 
NP-237 

1.80E-03 
PA-233 

1.80E-03 
PU-238 

1.80E-03 
CS-137 

1.80E-03 
BA-137M 

1.80E-03 
SR-90 

1.80E-03 
’ Y-90 

1.80E-03 

v 

Y 

i.i 

D 

w 

W 

D 

Y 

Y 

Y 

Y 

Y 

D 

D 

Y 

Y 

3.0 

3.0 

3.0 

3.0 

3.0 

3.0 

3.0 

1.0 

1.0 

1.0 

1.0 

1.0 

1.0 

1.0 

1.0 

1.0 

1.02E-05 

1.02E-05 

1.02E-05 

1.02E-05 

1.02E-05 

1.02E-05 

1.02E-05 

1.02E-05 

1.02E-05 

1.02E-05 

1.02E-05 

1.02E-05 

1.02E-05 

1.02E-OS 

1.02E-05 

1.02E-05 

000299 
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VALUES FOR RADIONUCLIDE-DEPENDENT PARAMETERS 

DECAY CONSTANT (PER DAY) 
TRANSFER 

COEFFICIENT 
/ 

Radio- 
Nuclide active (1) Surface Water Milk (2) 
Meat (3 ) 

U-238 
2.00E-04 

TH-234 
6.00E-06 
PA-234M 
1.00E-05 

U-234 
2.00E-04 

TH-230 
6.00E-06 

RA-226 
2.50E-0.4 
PO-218 
9.50E-05 

. PB-214 
3.00E-04 

BI-214 
4.00E-04 
PO-214 
9.50E-05 

U-236 
2.00E-04 

U-235 
2.00E-04 

6.00E-06 
TH-231 

TC-99 
8.50E-03 

TH-232 
6.00E-06 

RA-228 
2.50E-04 

AC-228 

O.OOE+OO 

2.88E-02 

8.53E+02 

O.OOE+OO 

0.00E+00 

O.OOE+OO 

3.27E+02 

3.72E+01 

5 - 02E+01 

3.66E+08 

0.00E+00 

O.OOE+OO 

6.52E-01 

O.OOE+OO 

O.OOE+OO 

O.OOE+OO 

2.71E+00 

5.48E-05 

5.48E-05 

5.483-05 

5.48E-05 

5.48E-05 

5.48E-05 

5.483-05 

5.483-05 

0 .  OOEtOO 

O.OOE+OO 

O.OOE+OO 

0 .  OOEtOO 

0.00E+00 

O.OOE+OO 

0.00E+00 

O.OOE+OO 

5.48E-05 

5.483-05 

5.483-05 

5.483-05 

5.483-05 

5.483-05 

5.48E-05 

5.483-05 

5.48E-05 

O.OOE+OO 

0.00E+00 

0. OOEtOO 

O.OOE+OO 

O.OOE+OO 

0.00E+00 

O.OOE+OO 

0. OOE+OO 

O.OOE+OO 

6.00E-04 

5.00E-06 

5.00E-06 

4.50E-04 

3.50E-04 

2.50E-04 

5.00E-04 

3.50E-04 

6.00E-04 

6.00E-04 

5.00E-06 

1.00E-02 

5.00E-06 

4.50E-04 

ooosoo 



I ,  
.i 1.2. . 

2.50E-05 
TH-228 
6.00E-06 

FA-224 
2.50E-04 

PO-216 
9.50E-05 

PB-212 
3.00E-04 

BI-212 

PO-212 

TL-208 

4.00E-04 

9.50E-05 

4.00E-02 
U-233 
2.00E-04 

PU-239 
5.00E-07 

NP-237 
5.50E-05 

PA-233 
1.00E-05 

PU-238 
5.00E-07 

CS-137 
2.00E-02 

BA-137M 
1.50E-04 

SR-90 

Y-90 
3.00E-04 

3.00E-04 

O.OOE+OO 

1.91E-01 

4.10E+05 

1.56E+00 

1.65E+01 

2.01E+ll 

3.273+02 

0.00E+00 

0.00E+00 

0.00E+00 

2.57E-02 

O.OOE+OO 

0.00E+00 

3.91E+02 

OfOOE+OO 

2.60E-01 

5.48E-05 

5.483-05 

5.483-05 

5.483-05 

5.483-05 

5.483-05 

5 -483-05 

5.483-05 

5.483-05 

5 .'48E-05 

5.483-05 

5.483-05 

5 -483-05 

5.483-05 

5.483-05 

5.48E-05 

5.00E-06 

4.50E-04 

3.50E-04 

2.50E-04 

5.00E-04 

3.50E-04 

2.00E-03 

6.00E-04 

1.00E-07 

5.00E-06 

5.00E-06 

1.00E-07 

7.00E-03 

3.50E-04 

1.50E-03 

2.00E-05 

FOOTNOTES: (1) Effective radioactive decay constant in plume; 
set to zero if less than 1.OE-2 

(2) Fraction of animal's daily intake of nuclide 
which appears in each L of milk (days/L) 

(3) Fraction of animal's daily.intake of nuclide 
which appears in each kg of meat (days/kg) 

. ... . . 
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VALUES FOR RADIONUCLIDE-DEPENDENT PAJXAMETERS 

CONCENTRATION 
UPTAKE FACTOR GI UPTAKE 

FRACTION 

Nuclide Forage (1) Edible (2) Inhalation 
Ingestion 

U-238 
2.00E-01 

TH-234 
2.00E-04 

PA-234M 
1.00E-03 

U-234 
2.00E-01 

TH-230 
2 - 00E-04 

RA-226 
2.00E-01 

PO-218 
1.00E-01 

PB-214 
2.00E-01 

BI-214 
5.00E-02 

PO-214 
1.00E-01 

U-236 
2.00E-01 

U-235 
2.00E-01 

TH-231 
2 - 00E-04 

TC-99 
8.00E-01 

TH-232 
2.00E-04 

RA-228 
2.00E-01 

AC-228 

8.50E-03 

8.50E-04 

2.50E-03 

8.50E-03 

8.50E-04 

1.50E-02 

2.50E-03 

4.50E-02 

3.50E-02 

2.50E-03 

8.50E-03 

8.50E-03 

8.50E-04 

9.5OE+OO 

8.50E-04 

1.50E-02 

3.50E-03 

1.71E-03 

3.64E-05 

1.07E-04 

1.71E-03 

3.64E-05 

6.42E-04 

1.71E-04 

3.853-03 

2.14E-03 

1.71E-04 

1.71E-03 

1.71E-03 

3.643-05 

6.42E-01 

3.64E-05 

6.423-04 

1.50E-04 

2.00E-03 

2.00E-04 

1.00E-03 

2.00E-03 

2.00E-04 

2.00E-01 

1.00E-01 

2.00E-01 

5.00E-02 

1.00E-01 

2.00E-03 

2.00E-03 

2.00E-04 

8.00E-01 

2.00E-04 

2.00E-01 

1.00E-03 

000302 



1.00E-03 
TH-228 

2.00E-04 
RA-224 

2.00E-01 
PO-216 ' 

1.00E-01 
PB-212. 

2.00E-01 
BI-212 

PO-212 

TL-208 

5.00E-02 

1.00E-01 

9.50E-01 
U-233 

2.00E-01 
PU-239 

1.00E-03 
NP-237 

1.00E-03 
PA-233 

PU-238 
1.00E-03 

1.00E-03 
CS-137 

9.5OE-01 0 1.00E-01 
BA-137M 

SR-90 
3.00E-01 

Y-90 
1.00E-04 

FOOTNOTES : ( 1) 
soil for 

pCi/kg dry soil) 

(2) 
soil by edible 

2.00E-04 8.50E-04 3.643-05 

1.50E-02 6.423-04 2.00E-01 

2.50E-03 1.71E-04 1.00E-01 

2.OOE-01 4.50E-02 3.853-03 

3.50E-02 2.14E-03 5.00E-02 

2.50E-03 1.71E-04 1.00E-01 

4.00E-03 1.71E-04 9.50E-01 

8.50E-03 1.71E-03 2.00E-03 

4.50E-04 1.933-05 1.00E-04 

1.00E-01 4.283-03 1.00E-03 

2.50E-03 1.07E-04 1.00E-03 

4.50E-04 

8'. 00E-02 

1.50E-01 

2.50E+00 

1.50E-02 

1.933-05 

1.283-02 

6.423-03 

1.07E-01 

2.57E-03 

1.00E-03 

9.50E-01 

1.00E-01 

1.00E-02 

1.00E-04 

Concentration factor for uptake of nuclide from 

pasture and forage (in pCi/kg dry weight per 

Concentration factor for uptake of nuclide from 

parts of crops (in pCi/kg wet weight per pCi/kg 
dry soil) 

000303 
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DECAY CHAIN INGROWTH FACTORS 

Nuclide Parent ( s  Ingrowth Factor (s) 

BA-137M CS-137 3.2093+06 
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VALUES FOR RADIONUCLIDE-INDEPENDENT PARAMETERS 

HUMAN INHALATION RATE 
Cubic centimeters/hr 

9.17E+05 

SOIL PARAMETERS 
Effective surface density (kg/sq m, dry weight) 

(Assumes 15 cm plow layer) 
2.15E+02 

BUILDUP TIMES 
For activity in soil (years) 

For radionuclides deposited on ground/water (days) 
1.00E+02 

3.653+04 

DELAY TIMES 
Ingestion of pasture grass by animals (hr) 

Ingestion of stored feed by animals (hr) 

Ingestion of leafy vegetables by man (hr) 

Ingestion of produce by man (hr) 

Transport time from animal feed-milk-man (day) 

Time from slaughter to consumption (day) 

O.OOE+OO 

2.16E+03 

3.363+02 

3.36E+02 

2.00E+00 

2.00E+01 

WEATHERING 
Removal rate constant for physical loss (per hr) 

2.90E-03 

CROP EXPOSURE DURATION 
Pasture grass (hr) 

7.20E+02 
Crops/leafy vegetables (hr) 

1.443+03 

.. . . .. - . .. . . . . . .. . . . . 

000305 



AGRICULTURAL PRODUCTIVITY 
Grass-cow-milk-man pathway (kg/sq m) 

Produce/leafy veg for human consumption (kg/sq m) 
2.80E-01 

7.16E-01 

.FALLOUT INTERCEPTION FRACTIONS 
Vegetables 

Pasture 
2 . 0 0 E - 0 1  

5.70E-01 

GRAZING PARAMETERS 
Fraction of 'year animals graze on pasture 

Fraction of daily feed that is pasture grass 
4.00E-01 

when animal grazes on pasture 
4 . 3 0 E - 0 1  

000306 
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VALUES FOR RADIONUCLIDE-INDEPENDENT PARAMETERS 

ANIMAL FEED CONSUMPTION FACTORS 
Contaminated feed/forage (kg/day, dry weight) 

1.56E+01 

DAIRY PRODUCTIVITY 
Milk production of cow (L/day) 

1.10E+01 

MEAT 

2.00E+02 

3.81E-03 

ANIMAL SLAUGHTER P-T<ERS 
Muscle mass of animal at slaughter (kg) 

Fraction of herd slaughtered (per day) 

DECONTAMINATION 
Fraction of radioactivity retained after washing 

for leafy vegetables and produce 
5.00E-01 

FRACTIONS GROWN IN GARDEN OF INTEREST 
Produce ingested 

Leafy vegetables ingested , 
1.00E+00 

1.00E+00 , 

INGESTION RATIOS: ‘ 
IMMEDIATE SURROUNDING AREA/TOTAL WITHIN AREA 

Vegetables 

Meat 

Milk 

0.00E+00 

O.OOE+OO 

O.OOE+OO 

MINIMUM INGESTION FRACTIONS FROM OUTSIDE AREA 
(Minimum fractions of food types from outside 
area listed below are actual fixed values.) 

. . . . . . .. . . . . . . . . .- . ~ 
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vegetables 
1.00E+00 

Meat 
1.00E+00 

Milk 
1.00E+00 

HUMAN FOOD UTILIZATION FACTORS 
Produce ingestion (kg/y) 

Milk ingestion (L/y) 

Meat ingestion (kg/y) 

. ~ e a f y  vegetable ingestion (kg/y) 

1.76E+02 

1.12E+02 

8.50E+01 

1.80E+01 . 

SWIMMING PARAMETERS 
Fraction of time spent swimming 

Dilution factor for water (cm) 
3.00E+00 

1.00E+00 

000388 
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Version 1-00 

Clean Air Act Assessment Package - 1988 

D O S E  A N D  R I S K  E Q U I V A L E N T  S U M M A  
R I E S  

Non-Radon Individual Assessment 
Oct 22, 1993 4:40 pm 

Facility: FEMP 

Address: 7400 Willey Road 

City: Fernald 
State: OH Zip: 45239 

Source Category: Four Plant Source Term On-site 

Source Type: Stack 
Emission Year: 94 

Comments: .On-site worker at 112, 223, 299, 316 and 374 
m 

For distributed On-site worker population 

Dataset Name: Onsitworkersall4 
Dataset Date: Oct 22, 1993 4:40 pm 

Wind File: WNDFILES\FMP8792.WND 

800309 
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ORGAN DOSE EQUIVALENT SUMMARY 

Organ 

Selected 
Individual 

( mrem / y 1 

GONADS 
BREAST 
R M A R  
LUNGS 
THYROID 
ENDOST 
RMNDR 

1.51E-04 
7.98E-05 
1.263-03 
2.00E-01 
5.40E-05 
1.553-02 
4.92E-04 

EFFEC 2.483-02 

PATHWAY EFFECTIVE DOSE EQUIVALENT SUMMARY 

Pathway 

Selected 
Individual 

( mrem / y 1 

INGESTION 
INHALATION 
AIR IMMERSION 
GROUND SURFACE 
INTERNAL 
EXTERNAL 

TOTAL 

000310 

0.00E+00 
2.483-02 
2.433-09 
3.813-05 
2.483-02 
3.81E-05 

2 -483-02 

. .  . 
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NUCLIDE EFFECTIVE DOSE EQUIVALENT SUMMARY 

Nuc 1 ide 

Selected 
Individual 

( w e m / y )  

U-238 
TH-234 
PA-234M 
U-234 
TH-230 
RA-226 
PO-218 
PB-214 
BI-214 
PO-214 
U-236 
U-235 
TH-231 
TC-99 
TH-232 
RA-228 
AC-228 
TH-228 
RA-224 
PO-216 
PB-212 
BI-212 
PO-212 
TL-208 
U-233 
PU-239 
NP-237 
PA-233 
PU-238 
CS-137 
BA-137M 
SR-90 
Y-90 

7.91E-03 
3.55E-06 
2.713-10 
8.893-03 
4.20E-04 
2.873-05 
1.29E-11 
5.94E-10 
5.60E-10 
0.003+00 
1.06E-03 
1.06E-03 
8.693-09 
1.283-07 
7.523-05 
1.5731-05 
8.753-09 
4.8231-05 
9.873-07 
O.OOE+OO 
5.70E-08 
1.483-08 
O.OOE+OO 
1.38E-10 
4.52E-03 
7.07E-04 
5.61E-05 
3.933-09 
3.363-05 
7.853-09 
1.773-06 
1.61E-07 
1.253-09 

TOTAL 2.48E-02 

000341 

I .  
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CANCER RISK SUMMARY 

Cancer 

Selected Individual 
Total Lifetime 

Fatal Cancer Risk 

LEUKEMIA 
BONE 
THYROID 
BREAST 
LUNG 
STOMACH 
BOWEL 
LIVER 
PANCREAS 
URINARY 
OTHER 

TOTAL 

Pathway 

1.12E-09 
6.77E-10 
1.95E-11 
2.66E-10 
3.21E-07 
9.94E-11 
8.88E-11 
1.233-09 
6.28E-11 
1.79E-10 
7.68E-11 

PATHWAY RISK SUMMARY 

TOTAL 

3.25E-07 

INGEST ION 
INHALATION 
AIR IMMERSION 
GROUND SURFACE 
INTERNAL 
EXTERNAL 

Selected Individual 
Total Lifetime 

Fatal Cancer Risk 

O.OOE+OO 
3.2431-07 
5.65E-14 
8.79E-10 
3.243-07 
8.79E-10 

3.253-07 

000312 



Oct 22, 1993 4:40 pm 
SUMMARY 

Page 4 

NUCLIDE RISK SUMMARY 

Nuclide 

Selected Individual 
Total Lifetime 

Fatal Cancer Risk 

U-238 
TH-234 
PA-234M 
U-234 
TH-230 
RA-226 
PO-218 
PB-214 
BI-214 
PO-214 
U-236 
U-235 
TH-231 
TC-99 
TH-232 
RA-228 
AC-228 
TH-228 
RA-224 
PO-216 
PB-212 
BI-212 
PO-212 
TL-208 
U-233 
PU-239 
NP-237 
PA-233 
PU-238 
CS-137 
BA-137M 
SR-90 
Y-90 

1.06E-07 
1.51E-10 
5.14E-15 
1.18E-07 
3.273-09 
3.74E-10 
3 -373-15 
3.993-14 
3.493-14 
0.00E+00 
1.41E-08 
1.463-08 
2.533-13 
7.993-12 
4.13E-10 
1.46E-10 
1.70E-13 
9.49E-10 
1.60E-11 
0.00E+00 
7.40E-13 
8.383-14 
OfOOE+OO 
3.363-15 
6.03E-08 
5 -743-09 
4.56E-10 
1.50E-13 
2.96E-10 
2.08E-13 
4.23E-11 
5.12E-12 
4.433-14 

TOTAL 3 -253-07 

0003f3 
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INDIVIDUAL EFFECTIVE DOSE EQUIVALENT RATE (mrem/y) 

(All Radionuclides and Pathways) 

Distance 

Direction 112 223 299 316 374 

N 
NNW 
Nw 
WNW 
W 

sw 
ssw 
S 

SSE 
SE 
ESE 
E 

ENE 
NE 
NNE 

wsw 

5.3E-03 
3.OE-03 
2.5E-03 
3.8E-03 
6.5E-03 
1 - 1E-02 
7.2E-03 
4.1E-03 
3.4E-03 
4.9E-03 
6.1E-03 
6 - 8E-03 
1.OE-02 
1.3E-02 
1.4E-02 
1.1E-02 

8.1E-03 
5.3E-03 
4.5E-03 
5.6E-03 
9.OE-03 
1 ..6E-02 
1.1E-02 
7.7E-03 
6.7E-03 
8.4E-03 
9.9E-03 
1.1E-02 
1.5E-02 
1.8E-02 
2.OE-02 
1.6E-02 

9.6E-03 
6.5E-03 
5.3E-03 
6.2E-03 
1.OE-02 
1.7E-02 
1.1E-02 
8.3E-03 
7.6E-03 
9.5E-03 
1.1E-02 
1.3E-02 
1.8E-02 
2.1E-02 
2.4E-02 
1.8E-02 

9.8E-03 
6.6E-03 
5.4E-03 
6.2E-03 
1.OE-02 
1.7E-02 
1.1E-02 
8.3E-03 
7.6E-03 
9.6E-03 
1.1E-02 
1.4E-02 
1.8E-02 
2.1E-02 
2.4E-02 
1.8E-02 

1.OE-02 
6.8E-03 
5.5E-03 
6.1E-03 
1.OE-02 
1.7E-02 
1.OE-02 
7.9E-03 
7.5E-03 
9.6E-03 
1.1E-02 
1.4E-02 
1.8E-02 
2.2E-02 
2.5E-02 
1.8E-02 

000314 
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INDIVIDUAL LIFETIME RISK (deaths) 

(All Radionuclides and Pathways) 

Distance (m) 

Direction 112 223 299 316 374 

N 
NNW 
Nw 
WNW 
W 

wsw 
sw 
ssw 
S 

SSE 
SE 
ESE 
E 

ENE 
NE 
NNE 

7.OE-08 
3.9E-08 
3.2E-08 
5.OE-08 
8.5E-08 
1.4E-07 
9.5E-08 
5.4E-08 
4.4E-08 
6 .  5E-08 
8.OE-08 
9.OE-08 
1.4E-07 
1.7E-07 
1.9E-07 
1.4E-07 

I. 1E-07 
7.OE-08 
5.9E-08 
7.4E-08 
1.2E-07 
2.OE-07 
1.4E-07 
1.OE-07 
8.8E-08 
1.1E-07 
1.3E-07 
1.5E-07 
2.OE-07 
2.3E-07 
2.6E-07 
2.OE-07 

1.313-07 
8.5E-08 
7.. OE-08 
8.1E-08 
1.3E-07 
2.2E-07 
1.4E-07 
1.1E-07 
9.9E108 
1.2E-07 
1.5E-07 
1.8E-07 
2.3E-07 
2.7E-07 
3.1E-07 
2.4E-07 

1.3E-07 
8.7E-08 
7.1E-08 
8.1E-08 
1.3E-07 
2.2E-07 
1.4E-07 
1.1E-07 
1.013-07 
1.3E-07 
1.5E-07 
1.8E-07 
2.4E-07 
2.8E-07 
3.2E-07 
2.4E-07 

1.3E-07 
8.9E-08 
7.2E-08 
8.OE-08 
1.3E-07 
2.2E-07 
1.3E-07 
1.OE-07 
9.8E-08 
1.3E-07 
1.5E-07 
1.8E-07 
2.4E-07 
2.9E-07 
3.2E-07 
2.4E-07 

000315 
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CAP88-PC 

Version 1.00 

Clean Air Act Assessment Package - 1988 

SYNOPSIS REPORT 

Non-Radon Individual Assessment 

Oct. 22, 1993 3:04 pm 

Facility: FEMP 
Address: 7400 Willey Road 
City: Fernald 
State: OH 
Zip: 45239 

Effective Dose Equivalent 
(mredyear) 

At This Location: 
Source Category: 
Source Type: 
Emission Year: 

Comments: 

Dataset Name: 
Dataset' Date: 
Wind File: 

2.05E-02 

805 Meters Northeast 
Four plant source term to off-site 
Stack 
94 

Off-site residents at 9 15 m, 0.5, 1.5, 2.5, 3.5 and 4.5 miles. 

4 PLANT OFFSITE 
Oct. 22, 1993 3:04 pm 
WNDFILESWP8792.WND 

. ,  . 
r . 000317 
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Northeast 

MAXIMALLY EXPOSED INDIVIDUAL 

Location Of The Individual: 805 Meters 

Lifetime Fatal  Cancer Risk: 2.48E-07 

ORGAN DOSE EQUIVALENT SUMMARY 

Organ 

Dose 
Equivalent 

( mrem/ y 1 

GONADS 
BREAST 
R M A R  
LUNGS 
THYROID 
ENDOST 
RMNDR 

EFFEC 

. 

2.16E-04 
1.493-04 
3.65E-03 
1.44E-01 
1.80E-04 
5.07E-02 
3.76E-03 

2.05E-02 



Oct 22, 1993 3:04 pm 
' SYNOPSIS 

Page 2 

Nuclide Class 

RAD1 ONUCL I DE 

Size- 

Source 
#1 

Ci/y 

U-238 
TH-234 
PA-2 3 4M 
U-234 
TH-230 
RA-226 
P0-.218 
PB-214 
BI-214 
PO-214 
U-236 
U-235 
TH-231 
TC-99 ' 

TH-232 
RA-228 
AC-228 
TH-228 
RA-224 
PO-216 
PB-212 
BI-212 
PO-212 
TL-208 
U-233 
PU-239 
NP-237 
PA-233 
PU-238 
CS-137 
BA-137M 
SR-90 
Y-90 

Y 
Y 
Y 
Y 
Y 
Y 
W 
D 
W 
W 
Y 
Y 
Y 
W 
Y 
Y 
Y 
Y 
Y 
W 
D 
W 
W 
D 
Y 
Y 
Y 
Y 
Y 
D 
D 
Y 
Y 

3.00 
3.00 
3.00 
3.00 
3.00 
3.00 
3.00 
3.00 
3.00 
3.00 
1.00 
1.00 
1.00 
1.00 
3.00 
3.00 
3.00 
3.00 
3.00 
3.00 
3.00 
3.00 
3.00 
3.00 
1.00 
1.00 
1.00 
1.00 
1.00 
1.00 
1.00 
1.00 
1.00 

EMISSIONS DURING THE YEAR 94 

TOTAL 
Ci/y 

6.2E-05 
6.2E-05 
6.2E-05 
6.213-05 
1.413-06 
1.9E-07 
1.913-07 
1.9E-07 
1.9E-07 
1.9E-07 
4.OE-06 
4.OE-06 
4.013-06 
7.2E-06 
1.8E-07 
8.6E-08 
8.6E-08 
1.7E-07 
1.7E-07 
1.7E-07 
1.7E-07 
1.7E-07 
1.1E-07 
6.3E-08 
1.6E-05 
9.8E-07 
8.313-08 
8.3E-08 
5.013-08 
1.2E-07 
1.2E-07 
6.3E-08 
6.3E-08 

6.2E-05 
6.2E-05 
6.2E-05 
6.2E-05 
1.4E-06" 
1.9E-07 
1.9E-07 
1.913-07 
1.9E-07 
1.9E-07 
4.OE-06 
4.OE-06 
4.OE-06 
7.2E-06 
1.8E-07 
8-63-08 . 

8.6E-08 
1.7E-07 
1.7E-07 
1.7E-07 
1.71~-07 
1.7E-07 
1.112-07 
6.3E-08 
1.6E-05 
9.8E-07 
8.3E-08 
8.3E-08 
5.OE-08. 
1.2E-07 
1.2E-07 
6.3E-08 
6 -313-08 

SITE INFORMATION 

Temperature: 13 degrees C 
Precipitation: 102 cm/y 

,. .. ..' . . 
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Mixing Height: 1000 m 
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Oct 22, 1993 3:04 pm 
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Page 3 

SOURCE INFORMATION 

Source Number: 1 

Stack Height (m) : 19.00 
Diameter (m): 0.00 

Plume Rise 
Buoyant ( cal / s ) : O.OOE+OO 

(Heat Release Rate) 

AGRICULTURAL DATA 

Vegetable Milk 
Meat 

1 . 0 0 0  

0 . 0 0 0  

Fraction Home Produced: 1.000 1.000 

Fraction From Assessment Area: 0.000 0.000 

0.000 0 . 0 0 0  Fraction Imported: 
0.. 0 0 0  

Food Arrays were not generated for this run. 
Default Values used. 

DISTANCES USED FOR MAXIMUM INDIVIDUAL ASSESSMENT 

915 805 2414 4023 5633 7242 

000321 
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Version 1.00 

Clean Air Act Assessment Package - 1988 

G E N E R A L  D A T A  

Non-Radon Individual Assessment 
Oct 22, 1993 3:04 pm 

Facility: FEMP 

Address: 7400 Willey Road 

City: Fernald 
State: OH Zip: 45239 

Source Category: Four plant source term to off-site 

Source Type: Stack 
Emission Year:. 94 

Comrqents: Off-site residents at 915 m, 0.5, 1.5, 2.5, 
3 . 5  

and 4.5 miles 

Dataset Name: 4 PLANT OFFSITE 
Dataset Date: Oct 22, 1993 3:04 pm 

Wind File: .WNDFILES\FMP8792.WND 

000322 
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Page 1 

VALUES FOR RADIONUCLIDE-DEPENDENT PARAMETERS 

Dry 
Particle Scavenging 

Clearance Size Coefficient 
Deposition 

Velocity 

(m/s) 
Nuclide Class (microns) (per second) 

U-238 
1.80E-03 

TH-234 
1.80E-03 

PA-2 3 4M 
1.80E-03 

U-234 
1.80E-03 

TH-230 
1.80E-03 

RA-226 
1.80E-03 

PO-218 
1.80E-03 

PB-214 
1.80E-03 

BI-214 
1.80E-03 

PO-214 
1.80E-03 

U-236 
1.80E-03 

U-235 
1.80E-03 

TH-231 
1.80E-03 

TC-99 
1.80E-03 

TH-232 
1.80E-03 

RA-228 
1.80E-03 

AC-228 

Y 

Y 

Y 

Y 

Y 

Y 

W 

D 

W 

W 

Y 

Y 

Y 

W 

Y 

Y 

Y 

3.0 

3.0 

3.0 

3.0 

3.0 

3.0 

3.0 

3.0 

3.0 

3.0 

1.0 

1.0 

1.0 

1.0 

3.0 

3.0 

3.0 

1.02E-05 

1.02E-05 

1.02E-05 

1.02E-05 

1.02E-05 

1.02E-05 

1.02E-05 

1.02E-05 

1.02E-05 

1.02E-05 

1.02E-05 

1.02E-05 

1.02E-05 

1.02E-05 

1.02E-05 

1.0212-05 ' 

1.02E-05 



1.80E-03 
TH-228 

1.80E-03 
FA-224 

1.80E-03 
PO-216 

1.80E-03 
PB-212 

1.80E-03 
BI-212 

PO-212 

TL-208 

1.80E-03 

1.80E-03 

1.80E-03. 
U-233 

1.80E-03 
PU-239 

1.80E-03 
NP-237 

1.80E-03 
PA-233 

1.80E-03 
PU-238 

1.80E-03 
CS-137 

1.80E-03 
BA-137M 

1.80E-03 
SR-90 

Y-90 
1 i 80E-03 

1.80E-03 

Y 

Y 

W 

D 
1 

W 

W 

D 

Y 

Y 

Y 

3.0 

3.0 ' 

3.0 

3.0 

3.0 

3.0 

3.0 

1. 0. 

1.0 

1 . 0  

. 1 . 0  

1 . 0  

1 . 0  

1.0 

1.0 

1.0 

1.02E-05 

1.02E-05 

1.02E-05 

1.02E-05 

1.02E-05 

1.02E-05 

1.02E-05 

1.02E-05 

1.02E-05 

1.02E-05 

1.02E-05 

1.02E-05 

1.02E-05 

1.02E-05 

1.02E-05 

1.02E-05 

000324 
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VALUES FOR RADIONUCLIDE-DEPENDENT PARAMETERS 

DECAY CONSTANT (PER DAY) 

COEFFICIENT 

Radio- 
Nuclide active (1) Surface Water 
Meat ( 3  ) 

TRANSFER 

Milk (2) 

U-238 
2.00E-04 

TH-2 3 4 
6.00E-06 
PA-234M 
1.00E-05 

U-234 
2.00E-04 
TH-230 
6.00E-06 

RA-226 
2.50E-04 
PO-218 
9.50E-05 
PB-214 
3.00E-04 

BI-214 
4.00E-04 
PO-214 
9.50E-05 

U-236 
2.00E-04 

U-235 
2.00E-04 
TH-231 
6.00E-06 

TC-99 
8.50E-03 

TH-232 
6.00E-06 

RA-228 
2.50E-04 

AC-228 

0.00E+00 

2.88E-02 

8.53E+02 

0.00E+00 

O.OOE+OO 

0 .  OOEtOO 

3.27E+02 

3.72E+01 

5.02E+01 

3.66E+08 

O.OOE+OO 

O.OOE+OO 

6.52E-01 

O.OOE+OO 

0 ..00E+00 

0.00E+00 

2.71E+00 

5.483-05 

5.483-05 

5.483-05 

5.483-05 

5.483-05 

5.483-05 

5.483-05 

5.483-05 

5.483-05 

5.48E-05 

5.483-05 

5.483-05 

5.483-05 

5.483-05 

5.48E-05 

5.483-05 

5.483-05 

0.00E+00 

0.00E+00 

0. O O E t O O  

O.OOE+OO 

0.00E+00 

0.00E+00 

0.00E+00 

0.00E+00 

0.00E+00 

O.OOE+OO 

O.OOE+OO 

0 00E+00 

O.OOE+OO 

0.00E+00 

0.00E+00 

O.OOE+OO 

0.00E+00 

6.00E-04 

5.00E-06 

5.00E-06 

- 
5.00E-06 

4.50E-04 

3.5013-04 

2.50E-04 

5.00E-04 

3.50E-04 

6.00E-04 

6.00E-04 

5.00E-06 

1.00E-02 

5.0012-06 

4.5013-04 

000325 
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2.50E-05 
TH-228 
6.00E-06 

RA-224 
2.50E-04 
PO-216 
9.50E-05 
PB-212 
3.00E-04 

BI-212 

' PO-212 

TL-208 

4.00~-04 

9.50E-05 

4.00E-02 
U-233 
2.00E-04 
PU-239 
5.00E-07 

NP-237 
5.50E-05 
PA-233 
1.00E-05 
PU-238 
5.00E-07 

CS-137 
2.00E-02 

BA-137M 
1.50E-04 
SR-90 

Y-90 
3.00E-04 

3.00E-04 

FOOTNOTES: 

O.OOE+OO 

1.91E-01 

4.10E+05 

1.56E+00 

1.65E+01 

2.01E+ll 

3.27E+02 

O.OOE+OO 

0.00E+00 

O.OOE+OO 

2.573-02 

O.OOE+OO 

O.OOE+OO 

3.91E+02 

O.OOE+OO 

2.60E-01 

i 

5.48E-05 

5.483-05 

5.483-05 

5.48E-05 

5.483-05 

S.48E-05 

5.483-05 

5.483-05 

5.48E-05 

5.48E-05 

5.483-05 

5.483-05 

5.483-05 

5.483-05 

5.483-05 

5.483-05 

@ 5447'  

5.00E-06 

4.50E-04 

3.50E-04 

2.50E-04 

5.00E-04 

3.50E-04 

2.00E-03 

6.00E-04 

1.00E-07 

5.00E-06 

5.00E-06 

1.00E-07 

7.00E-03 

3.50E-04 

1.50E-03 

2.00E-05 

(1) Effective radioactive decay constant in plume: 
set to zero if less than 1.OE-2 

(2) Fraction of animal's daily intake of nuclide 
which appears in each L of milk (days/L) 

( 3 )  Fraction of animal's daily intake of nuclide 
which appears in each kg of meat (days/kg) 

.. . 
.I 
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VALUES FOR RADIONUCLIDE-DEPENDENT PARAMETERS 

CONCENTRATION 
UPTAKE FACTOR 

FRACTION 
GI UPTAKE 

Nuclide Forage (1) Edible (2) Inhalation 
Ingest ion 

U-238 
2.00E-01 

TH-234 
2.00E-04 

PA-234M 
1.00E-03 

U-234 
2.00E-01 

TH-230 
2.00E-04 

FA-226 
2.00E-01 

PO-218 
1.00E-01 

PB-214 
2.00E-01 

BI-214 
5.00E-02 

PO-214 
1.00E-01 

U-236 
2.00E-01 

U-235 
2.00E-01 

TH-231 
2.00E-04 

TC-99 
8.00E-01 

2.00E-04 
TH-232 

F?A-228 
2.00E-01 

AC-228 

8.50E-03 

8.50E-04 

2.50E-03 

8.50E-03 

8.50E-04 

1.50E-02 

2.50E-03 

4.50E-02 

3.50E-02 

2.50E-03 

8.50E-03 

8.50E-03 

8.50E-04 

9.50E+00 

8.50E-04 

1.50E-02 

3.50E-03 

1.71E-03 

3.643-05 

1.07E-04 

1.71E-03 

3.643-05 

6.42E-04 

1.71E-04 

3.85E-03 

2.14E-03 

1.71E-04 

1.71E-03 

1.71E-03 

3.643-05 

6.42E-01 

3.6.4E-05 

6.42E-04 

1.50E-04 

2.00E-03 

2.00E-04 

1.00E-03 

2.00E-03 

2.00E-04 

2.00E-01 

1.00E-01 

2.00E-01 

5.00E-02 

1.00E-01 

2.00E-03 

2.00E-03 

2.00E-04 

8.00E-01 

2.00E-04 . 

2.00E-01 

1.00E-03 

00032.7 



1.OOE-03 

-$ 2.00E-04 
TH-228 

RA-224 
2.00E-01 

PO-216 
1.00E-01 

PB-212 
2.00E-01 

BI-212 

PO-212 

TL-208 

5.00E-02 

1.00E-01 

9.50E-01 
U-233 

2.00E-01 
PU-239 

1.00E-03 
NP-237 

1.00E-03 
PA-233 

1.00E-03 
PU-238 

1.00E-03 
CS-137 

9.50E-01 0 1.00E-01 
BA-137M 

SR-90 
3.00E-01 

Y-90 
1.00E-04 

8.50E-04 

1.50E-02 

2.50E-03 

4.50E-02 

3.50E-02 

2.50E-03 

4.00E-03 

8.50E-03 

4.50E-04 

1.00E-01 

2.50E-03 

4.50E-04 

8.00E-02 

1.50E-01 

2. SOE+OO 

1.50E-02 

3.64E-05 

6.42E-04 

1.71E-04 

3.85E-03 

2.14E-03 

1.71E-04 

1.71E-04 

1.71E-03 

1.93E-05 

4.28E-03 

1.07E-04 

1.93E-05 

1.28E-02 

6.423-03 

1.07E-01 

2.57E-03 

2.00E-04 

2.00E-01 

1.00E-01 

2.00E-01 

5.00E-02 

1.00E-01 

9.50E-01 

2.00E-03 

1.00E-04 

1.00E-03 

1.00E-03 

1.00E-03 

9.50E-01 

1.00E-01 

1.00E-02 

1.00E-04 

FOOTNOTES : ( 1) 
soil for 

pCi/kg dry soil) 

(2) 
soil by edible 

dry soil) 

Concentration factor for uptake of nuclide from 

pasture and forage (in pCi/kg dry weight per 

Concentration factor for uptake of nuclide from 

parts of crops (in pCi/kg wet weight per pCi/kg , 

000328 
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DECAY CHAIN INGROWTH FACTORS 

Nuclide Parent ( s  1 Ingrowth Factor (s) 

BA-137M 

, 

CS-137 3.209E+06 
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VALUES FOR RADIONUCLIDE-INDEPENDENT PARAMETERS 

9. 

2 .  

1. 

0 .  

2 .  

3 .  

3 .  

2 .  

2 .  

2. 

7. 

HUMAN INHALATION RATE 
Cubic centimeters/hr 

17Et05 

SOIL PARAMETERS 
Effective surface density (kg/sq m, dry weight) 

(Assumes 15 cm plow layer) 
15E+02 

BUILDUP TIMES 
For activity in soil (years) 

For radionuclides deposited on ground/water (days) 
00E+02 

65E+04 

DELAY TIMES 

00E+00 

16E+03 

36E+02 

36E+02 

00E+00 

00E+01 

Ingestion of pasture grass by animals (hr) 

Ingestion of stored feed by animals (hr) 

Ingestion of leafy vegetables by man (hr) 

Ingestion of produce by man (hr) 

Transport time from animal feed-milk-man (day) 

Time from slaughter to consumption (day) . 

WEATHERING 
Removal rate constant for physical loss (per hr) 

90E-03 

CROP EXPOSURE DURATION 
Pasture grass (hr) 

Crops/leafy vegetables (hr) 
2 OE+'02 . 

44E+03 



t’ 

I 

AGRICULTURAL PRODUCTIVITY 
Grass-cow-milk-man pathway (kg/sq m) 

Produce/leafy veg for human consumption (kg/sq m) 
2.80E-01 

7.16E-01 

FALLOUT INTERCEPTION FRACTIONS 
Vegetables 

Pasture 
2.00E-01 

5.70E-01 

GRAZING PARAMETERS 
Fraction of year animals graze on pasture 

Fraction of daily feed that is pasture grass 
4.00E-01 

when animal grazes on pasture 
4.30E-01 

, 
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VALUES FOR RADIONUCLIDE-INDEPENDENT PARAMETERS 

ANIMAL FEED CONSUMPTION FACTORS 
Contaminated feed/forage (kg/day, dry weight) 

1.56E+01 

DAIRY PRODUCTIVITY 
Milk production of cow (L/day) 

1.10E+01 

MEAT 

2.00E+02 

3.81E-03 

ANIMAL SLAUGHTER PARAMETERS 
Muscle mass of animal at slaughter (kg) 

Fraction of herd slaughtered (per day) 

DECONTAMINATION 
Fraction of radioactivity retained after washing 

for leafy vegetables and produce 
5.00E-01 

FRACTIONS GROWN IN GARDEN OF INTEREST 
Produce ingested 

Leafy vegetables ingested 
1.00E+00 

1.00E+00 

INGESTION RATIOS: 
IMMEDIATE SURROUNDING AREA/TOTAL WITHIN AREA 

Vegetables 
1.00E+00 

l.OOE+OO 

l.OOE+OO 

. Meat 

Milk 

MINIMUM INGESTION FRACTIONS FROM OUTSIDE AREA 
(Minimum fractions of food types from outside 
area listed below are actual fixed values.) 

000332 



O.OOE+OO 
Vegetables 

Meat 
O.OOE+OO 

Milk 
0.00E+00 

HUMAN FOOD UTILIZATION FACTORS 
Produce ingestion (kg/y) 

Milk ingestion (L/y) 

Meat ingestion (kg/y) 

Leafy vegetable ingestion (kg/y) 

1.76E+02 

1.12E+02 

8.50E+01 

1.80E+01 

SWIMMING PARAMETERS 
Fraction of time spent swimming 

Dilution factor for water (cm) 
O.OOE+OO 

1.00E+00 
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C A P 8  8 - P C  

Version 1.00 

Clean Air Act Assessment Package - 1988 

D O S E  A N D  R I S K  E Q U I V A L E N T  S U M M A  
R I E S  

Non-Radon Individual Assessment 
Oct 22, 1993 3:04 pm 

Facility: FEMP 

Address: 7400 Willey Road 

3 . 5  

City: Fernald 
State: OH Zip: 45239 

Source Category: Four plant source term to off-site 

Source Type: Stack 
Emission Year: 94 

Comments: Off-site residents at 915 m, 0.5, 1.5, 2.5, 

and 4.5 miles 

Dataset Name: 4 PLANT OFFSITE 
Dataset Date: Oct 22, 1993 3:04 pm 

Wind File: WNDFILES\FMP8792.WND 

000334 



I .  

I& 5 4 - 4 1  

Oct 22, 1993 3:04 pm 
SUMMARY 

Page 1 

ORGAN DOSE EQUIVALENT SUMMARY 

Selected 
Individual 

( mrem / y ) Organ 

GONADS 
BREAST 
R M A R  
LUNGS 
THYROID 
ENDOST 
RMNDR 

2.16E-04 
1.493-04 
3.65E-03 
1.44E-01 
1.80E-04 
5.07E-02 
3.76E-03 

EFFEC 2.05E-02 

PATHWAY EFFECTIVE DOSE EQUIVALENT SUMMARY 

Pathway 

Selected 
Individual 
(mrem/ y 1 

INGEST ION 2.60E-03 
INHALATION 1.78E-02 
AIR IMMERSION 1.52E-09 
GROUND SURFACE 2.43E-05 
INTERNAL 2.04E-02 
EXTERNAL 2.433-05 

TOTAL 2.05E-02 

000335 
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NUCLIDE EFFECTIVE DOSE EQUIVALENT SUMMARY 

Nuclide 

Selected 
Individual 
(mrem/y) 

U-238 
TH-234 
PA-234M 
U-234 
TH-230 
RA-226 
PO-218 
PB-214 
BI-214 
PO-214 
U-236 
U-235 
TH-231 
TC-99 
TH-232 
RA-228 
AC-228 
TH-228 
RA-224 
PO-216 
PB-212 
BI-212 
PO-212 
TL-208 
U-233 
PU-239 
NP-237 
PA-233 
PU-238 
CS-137 
BA-137M 
SR-90 
Y-90 

6.67E-03 
8.443-06 
5.031~-11 
7.49E-03 
3.13E-04 
2.46E-05 
3.40E-12 
3.601~-10 
3.21E-10 
0.00E+00 
8.27E-04 
8.31E-04 
6.2013-09 
1.20E-05 
5.53E-05 
1.23E-05 
6.15E-09 
3.51E-05 
7.303-07 
O.OOE+OO 
4.05E-08 
9.853-09 
O.OOE+OO 
3.64E-11 
3.543-03 
5.70E-04 
4.601~-05 
4.90E-09 
2.691~-05 
3.37E-07 
1.13E-06 
5.923-07 
9.56E-10 

TOTAL 2.05E-02 

. .  
! .  . 
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CANCER RISK SUMMARY 

Selected Individual , 

Total Lifetime 
Fatal Cancer Risk Cancer 

LEUKI~MIA 
BONE 
THYROID 
BREAST 
LUNG 
STOMACH 
BOWEL 
LIVER 
PANCREAS 
URINARY 
OTHER 

3.793-09 
2.583-09 
5.15E-11 
3.17E-10 
2.31E-07 
5.33E-10 
3.41s-10 
1.18E-09 
1.32E-10 
7.36E-09 
1.61E-10 

TOTAL 2.483-07 

PATHWAY RISK SUMMARY 

Selected Individual 
Total Lifetime 

Fatal Cancer Risk Pathway 

1.39E-08 
2 -333-07 
3.523-14 
5.61E-10 
2.473-07 
5.611~-10 

INGEST I ON 
INHALATION 
AIR IMMERSION 
GROUND SURFACE 
INTERNAL 
EXTERNAL 

TOTAL 2.483-07 

800337 
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NUCLIDE RISK SUMMARY 

Nuclide 

Selected Individual 
Total Lifetime 

Fatal Cancer Risk 

U-238 
TH-234 
PA-234M 
U-234 
TH-230 
RA-226 
PO-218 
PB-214 
BI-214 
PO-214 
U-236 
U-235 
TH-231 
TC-99 
TH-232 
RA-228 
AC-228 
TH-228 
RA-224 
PO-216 
PB-212 
BI-212 
PO-212 
TL-208 
U-233 
PU-239 
NP-237 
PA-233 
PU-2 3 8 
CS-137 
BA-137M 
SR-90 
Y-90 

8.16E-08 
1.7513-10 
9.55E-16 
9.06E-08 
2.393-09 
2.89E-10 
8.90E-16 
2.423-14 
2.00E-14 
0.00E+00 
1.05E-08 
1.08E-08 
1.8112-13 
4.39E-10 
3.01E-10 
1.12E-10 
1.20E-13 
6.85E-10 
1.16E-11 
O.OOE+OO 
5.26E-13 
5.58E-14 
O.OOE+OO 
8.88E-16 
4.48E-08 
4.42E-09 
3.55E-10 
1.29E-13 
2.27E-10 
8.82E-12 
2.70E-11 
1.17E-11 
3.24E-14 

1 

TOTAL 2.483-07 

I .  i 
. . . .  
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INDIVIDUAL EFFECTIVE DOSE EQUIVALENT RATE (mrem/y) 

(All Radionuclides and Pathways) 

Distance (m) 

Direction 915 805 2414 4023 5633 
7242 

N 

NNW 

Nw 

WNW 

W 

wsw 

sw 

ssw 

S 

SSE 

SE 

ESE 

E 

ENE 

NE 

3.9E-04 

2.6E-04 

2.3E-04 

2.8E-04 

4.5E-04 

5.2E-04 

2.7E-04 

2.4E-04 

2.6E-04 

4.4E-04 

7.4E-04 

9.2E-04 

1.OE-03 

1.1E-03 

1.OE-03 

7.OE-03 

4.7E-03 

4.1E-03 

4.8E-03 

7.8E-03 

9.9E-03 

5.4E-03 

4.6E-03 

4.7E-03 

7.4E-03 

1.I.E-02 

1.4E-02 

1.6E-02 

1.8E-02 

1.8E-02 

7.9E-03 2.OE-03 

5.3E-03 1.4E-03 

4.6E-03 1.2E-03 

5.3E-03 1.5E-03 

8.6E-03 2.43-03 

l.lE-02 2.73-03 

6.2E-03 ' 1.4E-03 

5.2E-03 1.3E-03 

5.4E-03 1.3E-03 

8.1E-03 2.3E-03 

1.2E-02 3.9E-03 

1.5E-02 4.8E-03 

1.8E-02 5.4E-03 

2.OE-02 5.7E-'03 

2.OE-02 5.43-03 

9.4E-04 

6.3E-04 

5.8E-04 

7.1E-04 

1.1E-03 

1.3E-03 

6.7E-04 

6.OE-04 

6.3E-04 

1.1E-03 

1.8E-03 

2.3E-03 

2.5E-03 

2.7E-03 

2.5E-03 

5.7E-04 

3.8E-04 

3.5E-04 

4.3E-04 

6.9E-04 

7.7E-04 

4.OE-04 

3.6E-04 

3.8E-04 

6.6E-04 

1.1E-03 

1.4E-03 

1.5E-03 

1.6E-03 

1.5E-03 



7.OE-04 

000340 
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INDIVIDUAL LIFETIME RISK (deaths) 

(All Radionuclides and Pathways) 

Distance (m) 

Direction 915 805 2414 4023 5633 
7242 

N 

NNW 

Nw 

WNW 

W 

wsw 

SW 

SSW 

S 

SSE 

SE 

ESE 

E 

ENE 

NE 

4.6E-09 

3.1E-09 

2.8E-09 

3.4E-09 

5.4E-09 

6.2E-09 

3.2E-09 

2.9E-09 

3.1E-09 

5.3E-09 

8.8E-09 

1.1E-08 

1.2E-08 

1.3E-08 

1.2E-08 

8.5E-08 

5.7E-08 

5.OE-08 

5.8E-08 

9.4E-08 

1.2E-07 

6.5E-08 

5.5E-08 

5.7E-08 

9.OE-08 

1.4E-07 

1.7E-07 

2.OE-07 

2.2E-07 

2.2E-07 

9.5E-08 

6.5E-08 

5.5E-08 

6.4E-08 

1.OE-07 

1.4E-07 

7.5E-08 

6.3E-08 

6.5E-08 

9.8E-08 

1.4E-07 

1.8E-07 

2.1E-07 

2.4E-07 

2.5E-07 

2.4E-08 

1 .-6E-08 

1.5E-08 

1.8E-08 

2.9E-08 

3.3E-08 

1.7E-08 

1.6E-08 

1.6E-08 

2.8E-08 

4.7E-08 

5.8E-08 

6.5E-08 

6.9E-08 

6.5E-08 

0003141 

1.1E-08 

7.6E-09 

6.9E-09 

8.6E-09 

1.4E-08 

1.5E-08 

8.OE-09 

7.2E-09 

7.5E-09 

1.3E-08 

2.2E-08 

2.8E-08 

3.1E-08 

3.3E-08 

3.1E-08 

6.9E-09 

4.6E-09 

4.2E-09 

5.1E-09 

8.2E-09 

9.2E-09 

4.8E-09 

4.3E-09 

4.6E-09 

7.9E-09 

1.3E-08 

1.7E-08 

1.8E-08 

2.OE-08 

1.9E-08 

. ._ 



NNE 
8.4E-09 

1.5E-07 1.7E-07 4.4E-08 2.OE-08 1.2E-08 

000342 



CAP88-PC 

Version 1.00 

Clean Air Act Assessment Package - 1988. 

SYNOPSIS REPORT 

Non-Radon Individual Assessment 

Oct. 22, 1993 2:28 pm 

Facility: FEMP 
Address: 7400 Willey Road 
City: Fernald 
State: OH 
Zip: 45239 

Effective Dose Equivalent 
(mredyear) 

6.49E-03 

I 

At This Location: 
Source Category: 
Source Type: Stack 
Emission Year: 94 

288 Meters Northeast 
Plant 8 Accident On-site 

Comments: On-site worker at 83, 147, 195,216, 262,288, 368,401,444,479,494, 
599 meters. 

Dataset Name: 
Dataset Date: 
Wind File: WNDFILESWP8792.WND 

PLNT 8 ACC ONSIT 
Oct. 22, 1993 2:27 pm 

000343 
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MAXIMALLY EXPOSED INDIVIDUAL 

Northeast 
Location Of The Individual: 288 Meters 

Lifetime Fatal Cancer R i s k :  8.58E-08 

ORGAN DOSE EQUIVALENT SUMMARY 

Organ 

Dose 
Equivalent 

( mrem / y 1 

GONADS 
BREAST 
R M A R  
LUNGS 
THYROID 
ENDOST 
RMNDR 

EFFEC 

1.42E-05 
1.47E-05 
2.05E-04 
5.31E-02 
8.65E-06 
2.53E-03 
4.90E-05 

6.493-03 

000244 
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RADIONUCLIDE EMISSIONS DURING THE YEAR 94 

Nuclide Class Size 

Source 
#1 

Ci/y 
TOTAL 
Ci/y 

U-238 
TH-234 
PA-234M 
U-234 
TH-230 
RA-226 
PO-218 
PB-214 
BI-214 
PO-214 
U-236 , 
U-235 
TH-231 
TC-99 
TH-232 
RA-228 
AC-228 
TH-228 
RA-224 
PO-216 
PB-212 
BI-212 
PO-212 
TL-208 
U-233 
PU-239 
NP-237 
PA-233 
PU-238 
CS-137 
BA- 13 7M 
SR-90 
Y-90 

Y 3.00 
Y 3.00 
Y 3.00 
Y 3.00 
Y 3.00 
Y 3.00 
W 3.00 
D 3.00 
W 3.00 
W 3-00 
Y 1 - 0 0  
Y 1 - 0 0  
Y 1.00 
W 1 - 0 0  
Y 3.00 
Y 3.00 
Y 3.00 
Y 3.00 
Y 3.00 
W 3.00 
D 3.00 
W 3.00 
W 3.00 
D 3.00 
Y 1.00 
Y 1.00 
Y 1.00 
Y 1 - 0 0  
Y 1.00 
D 1-00 
D 1 - 0 0  
Y 1.00 
Y 1.00 

9.9E-06 
9.9E-06 
9.9E-06 
9.9E-06 
2.7E-07 
1.1E-09 
1.1E-09 
1.1E-09 
1.1E-09 
1.1E-09 
7.1E-07 
4.7E-07 
4.7E-07 
7.4E-07 
9.6E-09 
1.9E-09 
1.9E-09 
2.OE-08 
2.OE-08 
2.OE-08 
2.013-08 
2.OE-08 
1.3E-08 
7.4E-09 
2.7E-06 
2.3E-08 
7.9E-09 
7.9E-09 
2.3E-09 
1.OE-08 
1.OE-08 
1.6E-09 
1.6E-09 

9.9E-06 
9.9E-06 
9.9E-06 
9.9E-06 
2.7E-07 
1.1E-09 
1.1E-09 
1.1E-09 
1.1E-09 
1.1E-09 
7.1E-07 
4.7E-07 
4.7E-07 
7.4E-07 
9.6E-09 
1.9E-09 
1.9E-09 
2.OE-08 
2.OE-08 
2.OE-08 
2.OE-08 
2.OE-08 
1.3E-08 
7.4E-09 
2.7E-06 
2.3E-08 
7.9E-09 
7.9E-09 
2.3E-09 
1.OE-08 
1.OE-08 
1.6E-09 
1.6E-09 

SITE INFORMATION 

Temperature : 13 degrees C 
Precipitation: 102 cm/y 

\ 

t .  I .  . .  000345 



.. . 
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Mixing Height: 1 0 0 0  m 

080346 
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SOURCE INFORMATION 

Source Number: 1 

Stack Height (m) : 15.00 
Diameter (m): 0.00 

Plume Rise 
Buoyant ( cal/ s ) : O.OO.E+OO 

(Heat Release Rate) 

Meat 

AGRICULTURAL DATA 

Vegetable Milk 

0 . 0 0 0  

0 . 0 0 0  

Fraction Home Produced: 0.000 0.000 

Fraction From Assessment Area: 0 .000  0.000 

Fraction Imported: 1.000 1 . 0 0 0  
1 . 0 0 0  

Food Arrays were not generated for this run. 
Default Values used. 

DISTANCES USED FOR MAXIMUM INDIVIDUAL ASSESSMENT 

83 147 195 216 262 288 368 401 
444 479 

494 599 

000347 



C A P 8 8 - P C  

Version 1.00 

Clean Air Act Assessment Package - 1988 

G E N E R A L  D A T A  

Non-Radon Individual Assessment 
Oct 22, 1993 2r28 pm 

Facility: FEMP 

Address: 7400 Willey.Road 

City: Fernald 
State: OH Zip: 45239 

Source Category: Plant 8 Accident On-site 

Source Type: Stack 
Emission Year: 94 

Comments: On-site worker at 83, 147, 195, 216, 262, 

368, 401, 4 4 4 ,  479, 494, 599 meters. 

Dataset Name: PLNT 8 ACC ONSIT 
Dataset Date: Oct 22, 1993 2:27 pm 

Wind File: WNDFILES\FMP8792.WND 

288, 

. .  . . .  

080348 
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Oct 22, 1993 2:28 pm 
GENERAL 

Page 1 

VALUES FOR RADIONUCLIDE-DEPENDENT PARAMETERS 

Dry 
Particle Scavenging 

Clearance Size Coefficient 
Deposition 

Velocity 

(m/s) 
Nuclide Class (microns) (per second) 

U-238 
1.80E-03 

TH-234 
1.80E-03 

PA-2 3 4M 
1.80E-03 

U-234 
1.80E-03 

TH-230 
1.80E-03 

RA-226 
1.80E-03 

PO-218 
1.80E-03 

PB-214 
1.80E-03 

BI-214 
1.80E-03 

PO-214 
1.80E-03 

U-236 
1.80E-03 

U-235 
1.80E-03 

TH-231 
1.80E-03 

TC-99 
1.80E-03 

TH-232 
1.80E-03 

RA-228 
1.80E-03 

AC-228 

Y 

Y 

Y 

Y 

Y 

Y 

W 

D 

W 

W 

Y 

Y 

Y 

W 

Y 

Y 

Y 

3.0 

3.0 

3.0 

3.0 

3.0 

3.0 

3.0 

3.0 

3.0 

3.0 

1.0 

1.0 

1.0 

1.0 

3.0 

3.0 

3.0 

000349 

1.02E-05 

1.02E-05 

1.02E-05 

1.02E-05 

1.02E-05 

1.02E-05 

1.02E-05 

1.02E-05 

1.02E-05 

1.02E-05 

1.02E-05 

1.02E-05 

1.02E-05 

1.02E-05 

1.02E-05 

1.02E-05 

1.02E-05 



1.80E-03 
TH-228 

RA-224 

PO-216 

1.80E-03 

1.80E-03 

1.80E-03 
PB-212 

1 - 80E-03 
BI-212 

PO-212 

TL-208 

1.80E-03 

1.80E-03 

1.80E-03 
U-233 

1 - 80E-03 
PU-239 

1.80E-03 
NP-237 

1.80E-03 
PA-233 

1.80E-03 
PU-238 

1.80E-03 
CS-137 

1.80E-03 
BA-137M 

1.80E-03 
SR-90 

Y-90 
1.80E-03 

1.80E-03 

Y 

Y 

k.1 

D 

w 
w 
D 

Y 

Y 

Y 

Y 

Y 

D 

D 

Y 

Y 

3.0 

3.0 

3.0 

3.0 

3.0 

3.0 

3.0 

1.0 

1.0 

1 . 0  

1 . 0  

1 . 0  

1 . 0  

1 . 0  

1 . 0  

1 . 0  

1.02E-05 

1.02E-05 

1.02E-05 

1.02E-0.5 

1.02E~05 

1.02E-05 

1.02E-05 

1.02E-05 

1.02E-05 

1.02E-05 

1.02E-05 

1.02E-05 

1.02E-05 

1.02E-05 

1.02E-05 

1.02E-05 

000350 
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VALUES FOR RADIONUCLIDE-DEPENDENT PARAMETERS 

DECAY CONSTANT (PER DAY ) 

COEFFICIENT 
TRANSFER 

Radio- 
Nuclide active (1) Surface Water Milk (2) 
Meat (3 ) 

U-238 
2.00E-04 
TH-234 
6.00E-06 
PA-234M 
1.00E-05 

U-234 
2.00E-04 
TH-230 
6.00E-06 

RA-226 
2.50E-04 
PO-218 
9.50E-05 
PB-214 
3.00E-04 

BI-214 
4.00E-04 
PO-214 
9.50E-05 

U-236 
2.00E-04 

U-235 
2.00E-04 

TH-231 
6.00E-06 

8.50E-03 
TC-99 

TH-232 
6.00E-06 

E?A-228 
2.503-04 

AC-228 
~. ~ 

5.483-05 

5.483-05 

5.483-05 

'5.483-05 

5.483-05 

5.483-05 

5.483-05 

5.483-05 

5.483-05 

5.483-05 

5.483-05 

5.483-05 

5.483-05 

5.483-05 

5.483-05 

5.483-05 

5.483-05 

6.00E-04 

5.00E-06 

5.00E-06 

5.00E-06 

4.50E-04 

3.50E-04 

2.503-04 

5.003-04 

3.50E-04 

6.00E-04 

6.00E-04 

5.00E-06 

1.003-02 

5.00E-06 

4.50E-04 

. ,  I .  . I .. 

. 



2.50E-05 
TH-228 
6.00E-06 

RA-224 
2.50E-04 
PO-216 
9.50E-05 
PB-212 
3.00E-04 

BI-212 

PO-212 

TL-208 

4.00E-04 

9.50E-05 

4.00E-02 
U-233 
2.00E-04 
PU-239 
5.00E-07 

NP-237 
5.50E-05 
PA-233 
1.00E-05 
PU-238 
5.00E-07 

CS-137 

0 2.00E-02 
BA- 13 7M 
1.50E-04 
SR-90 

Y-90 
3.00E-04 

3.00E-04 

FOOTNOTES: 

.!& ' 
f ,  

O.OOE+OO 

1.91E-01 

4.10E+O5 

1.56E+00 

1.65E+01 

2.01E+11 

3.27E+02 

O.OOE+OO 

O.OOE+OO 

0.00E+00 

2.573-02 

O.OOE+OO 

O.OOE+OO 

3.91E+02 

O.OOE+OO 

2.60E-01 

5.48E-05 

5.48E-05 

5.483-05 

5.48E-05 

5.483-05 

5.483-05 

5.483-05 

5.48E-05 

5.483-05 

5.48E-05 

5.483-05 

5.48E-05 

5.48E-05 

5.483-05 

5.4831-05 

5.483-05 

(1) Effective radioactive decay constant 
set to zero if less than 1.OE-2 

(2) Fraction of animal's daily intake of 

5.00E-06 

4.50E-04 

3.50E-04 

2.50E-04 

5.00E-04 

3.50E-04 

2.00E-03 

6.00E-04 

1.00E-07 

5.00E-06 

5.00E-06 

1.00E-07 

7.00E-03 

3.50E-04 

1.50E-03 

2.00E-05 

in plume; 

nuclide 
which,appears in each L of milk (days/L) 

(3) Fraction of animal's daily intake of nuclide 
which appears in each kg of meat (days/kg) 

-- __. .. . 
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VALUES FOR FADIONUCLIDE-DEPENDENT PARAMETERS 

CONCENTRATION 
UPTAKE FACTOR 

FRACTION 
GI UPTAKE 

Nuclide Forage (1) Edible (2) Inhalation 
Ingestion 

U-238 
2.00E-01 

TH-234 
2 - 00E-04 

PA-234M 
1.00E-03 

U-234 
2.00E-01 

TH-230 
2.00E-04 

RA-226 
2.00E-01 

PO-218 
1.00E-01 

PB-214 
2.00E-01 

BI-214 
5.00E-02 

PO-214 
1.00E-01 

U-236 
2.00E-01 

U-235 
2.00E-01 

TH-231 
2.00E-04 

TC-99 
8.00E-01 

TH-232 
2.00E-04 

RA-228 
2.00E-01 

AC-228 

8.50E-03 

8.50E-04 

2.50E-03 

8.50E-03 

8.50E-04 

1.50E-02 

2.50E-03 

4.50E-02 

3.50E-02 

2.50E-03 

8.50E-03 

8.50E-03 

8.50E-04 

9.50E+00 

8.50E-04 

1.50E-02 

3.50E-03 

1.71E-03 

3.643-05 

1.07E-04 

1.71E-03 

3.643-05 

6.42E-04 

1.71E-04 

3.853-03 

2.14E-03 

1.71E-04 

1.71E-03 

1.71E-03 

3.643-05 

6.42E-01 

3.64E-05 

6.423-04 

1.50E-04 

2.00E-03 

2.00E-04 

1.00E-03 

2.00E-03 

2.00E-04 

2.00E-01 

1.00E-01 

2.00E-01 

5.00E-02 

1.00E-01 

2.00E-03 

2.00E-03 

2.00E-04 

8.00E-01 

2.00E-04 

2.00E-01 

1.00E-03 

I 



1 . 0 0 E - 0 3  
TH-228 

2 . 0 0 E - 0 4  
RA-224 

2 . 0 0 E - 0 1  
PO-216 

1 . 0 0 E - 0 1  
PB-212 

2 . 0 0 E - 0 1  
BI -212  

PO-212 

TL-208 

5 . 0 0 E - 0 2  

1 . 0 0 E - 0 1  

9 . 5 0 E - 0 1  
U-233 

2 . 0 0 E - 0 1  
PU-239 

1 . 0 0 E - 0 3  
NP-237 

1 . 0 0 E - 0 3  
PA-233 

1 . 0 0 E - 0 3  
PU-238 

1 . 0 0 E - 0 3  
C S - 1 3 7  

9 . 5 0 E - 0 1  
BA-137M 

1. OOE-..Ol-. 
SR-90 

3 . 0 0 E - 0 1  
Y-90 

1 . 0 0 E - 0 4  

8 . 5 0 E - 0 4  

1 . 5 0 E - 0 2  

2 .50E-03  

4 .50E-02  

3 . 5 0 E - 0 2  

2 .50E-03  

4 .00E-03  

8 . 5 0 E - 0 3  

4 .50E-04  

1 . 0 0 E - 0 1  

2 .50E-03  

4 .50E-04  

8 .00E-02  

1 . 5 0 E - 0 1  

2 .50E+00  

1 . 5 0 E - 0 2  

3 . 6 4 3 - 0 5  

6 .42E-04  

1 . 7 1 E - 0 4  

3 .85E-03  

2 .14E-03  

1 .71E-04  

1 .71E-04  

1 . 7 1 E - 0 3  

1 . 9 3 3 - 0 5  

4 .28E-03  

1 . 0 7 E - 0 4  

1 . 9 3 3 - 0 5  

1 . 2 8 3 - 0 2  

6 . 4 2 3 - 0 3  

1 . 0 7 E - 0 1  

2 .57E-03  

2 .00E-04  

2 . 0 0 E - 0 1  

1 . 0 0 E - 0 1  

2 . 0 0 E - 0 1  

5 .00E-02  

1 . 0 0 E - 0 1  

9.5OE-01 

2 .00E-03  

1 . 0 0 E - 0 4  

1 . 0 0 E - 0 3  

1 . 0 0 E - 0 3  

1 . 0 0 E - 0 3  

9 . 5 0 E - 0 1  

1 . 0 0 E - 0 1  

1 .00E-02  

1 . 0 0 E - 0 4  

FOOTNOTES: (1) Concentration factor for uptake of nuclide from 
soil for 

pCi/kg dry soil) 
pasture and forage (in pCi/kg dry weight per 

( 2 )  Concentration factor for uptake of nuclide from 

parts of crops (in pCi/kg wet weight per pCi/kg 
soil by edible 

dry soil) 

000354 
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P a g e  4 

DECAY CHAIN INGROWTH FACTORS 

Nuclide P a r e n t  ( S I  I n g r o w t h  Factor (s) 

BA-137M CS-137 3.209Et06 



Oct 22, 1993 --2:28 pm 
GENERAL 

Page 5 

VALUES FOR RADIONUCLIDE-INDEPENDENT PARAMETERS 

HUMAN INHALATION RATE 
Cubic centimeters/hr 

9.17E+05 

'SOIL PARAMETERS 
Effective surface density (kg/sq m, dry weight) 

(Assumes 15 cm plow layer) 
2.15E+02 

BUILDUP TIMES 
For activity in soil (years) 

1.00E+02 
For radionuclides deposited on ground/water (days) 

3.65E+04 

__i- 

DELAY TIMES 
. 

Ingestion of pasture grass by animals (hr) 

Ingestion of stored feed by animals (hr) 

Ingestion of leafy vegetables by man (hr) 

Ingestion of produce by man (hr) 

Transport time from animal feed-milk-man (day) 

Time from slaughter to consumption (day) 

O.OOE+OO 

2.16E+03 

3.36E+02 

3.36E+02 

2.00E+00 

2.00E+01 

WEATHERING 
Removal rate constant for physical loss (per hr) 

2.90E-03 

CROP EXPOSURE DURATION 
Pasture grass (hr) 

7.20E+02 
Crops/leafy vegetables (hr) 

1.44E+03 

000356 



AGRICULTURAL PRODUCTIVITY 
Grass-cow-milk-man pathway (kg/sq m) 

Produce/leafy veg for human consumption (kg/sq m) 
2.80E-01 

7.16E-01 

FALLOUT INTERCEPTION FRACTIONS 
Vegetables 

Pasture 
2.00E-01 

5.70E-01 

GRAZING PARAMETERS 
Fraction of year animals graze on pasture 

Fraction of daily feed that is pasture grass 
4.00E-01 

when animal grazes on pasture 
4.30E-01 

000357 
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Oct 22, 1993 .2':28 pm 

GENERAL 

Page 6 

VALUES FOR RADIONUCLIDE-INDEPENDENT PARAMETERS 

ANIMAL FEED CONSUMPTION FACTORS 
Contaminated feed/forage (kg/day, dry weight) 

1.56E+01 

DAIRY PRODUCTIVITY 
Milk production of cow (L/day) 

1.10E+01 

MEAT ANIMAL SLAUGHTER PARAMETERS 
Muscle mass of animal at slaughter (kg) 

Fraction of herd slaughtered (per day) 
2.00E+02 

3.81E-03 

DECONTAMINATION 
Fraction of radioactivity retained after washing 

for leafy vegetables and produce 
5.00E-01 

FRACTIONS GROWN IN GARDEN OF INTEREST 
Produce ingested 

Leafy vegetables .ingested 
1 - 00E+00 

1.00E+00 

INGESTION RATIOS: 
IMMEDIATE SURROUNDING AREA/TOTAL WITHIN AREA 

Vegetables 

Meat 

Milk 

O.OOE+OO 

0.00E+00 

O.OOE+OO 

MINIMUM INGESTION FRACTIONS FROM OUTSIDE AREA 
(Minimum fractions of food types from outside 
area listed below are actual fixed values.) 

i . ,  . . '  . , .  
000358 
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1.00E+00 

1. OOEtOO 

1.00E+00 

vegetables 

Meat 

Milk 

HUMAN FOOD UTILIZATION FACTORS , 

Produce ingestion (kg/y) 

Milk ingestion (L/y) 

Meat ingestion (kg/y) 

Leafy vegetable ingestion (kg/y) 

1.76E+02 

1.12E+02 

8.50E+01 

1.80E+01 

SWIMMING PARAMETERS 
Fraction of time spent swimming 

Dilution factor for water (cm) 
0 . 0 0 E + 0 0  

1.00E+00 

000359 



C A P 8 8 - P C  

Version 1-00 

Clean Air Act Assessment Package - 1988 

D O S E  A N D  R I S K  E Q U I V A L E N T  S U M M A  
R I E S  

Non-Radon Individual Assessment 
Oct 22, 1993 2:28 pm 

Facility: FEMP 

Address: 7400 Willey Road 

City: Fernald 
State: OH Zip: 45239 

Source Category: Plant 8 Accident On-site 

Source Type: Stack 
Emission Year: 94 

Comments: On-site worker at 83, 147, 195, 216, 262, 
288, 

368, 401, 444, 479, 494, 599 meters. 

Dataset Name: PLNT 8 ACC ONSIT 
Dataset Date: Oct 22, 1993 2:27 pm 

Wind File: WNDFILES\FMP8792.WND 

000360 



Oct 22, 1993 2:28 pm 
SUMMARY 

Page 1 

ORGAN DOSE EQUIVALENT SUMMARY 

Organ 

Selected 
Individual 
(mrem / y 1 

GONADS 
BREAST 
RMAR 
LUNGS 
THYROID 
ENDOST 
RMNDR 

1.423-05 
1.47E-05 
2.05E-04 
5.31E-02 
8.65E-06 
2.53E-03 
4.90E-05 

EFFEC 6.49E-03 

PATHWAY EFFECTIVE DOSE EQUIVALENT SUMMARY 

Pathway 

Selected 
Individual 

( mrem / y 1 

INGESTION 0.00E+00 
INHALATION 6.493-03 
AIR IMMERSION 4.60E-10 
GROUND SURFACE 7.19E-06 
INTERNAL '6.493-03 
EXTERNAL 7.19E-06 

TOTAL 6.49E-03 



.. . 

Oct 22, 1993 2:28 pm 
SUMMARY 

Page 2 

NUCLIDE EFFECTIVE DOSE EQUIVALENT SUMMARY 

Nuclide 

Selected 
Individual 
(mrem/y) 

U-238 
TH-234 
PA-234M 
U-234 
TH-230 
RA-226 
PO-218 
PB-214 
BI-214 
PO-214 
U-236 
U-235 
TH-231 
TC-99 
TH-232 
RA-228 
AC-228 
TH-228 
RA-224 
PO-216 
PB-212 
BI-212 
PO-212 
TL-208 
U-233 
PU-239 
NP-237 
PA-2 3 3 
PU-238 
CS-137 
BA-137M 
SR-90 
Y-90 

2.12E-03 
9.5013-07 
9.6112-11 
2.38E-03 
1.36E-04 
2 -793-07 
1.491~-13 
5.91E-12 
5.61E-12 
0.00E+00 
3.15E-04 ' 

2.09E-04 
1.71E-09 
2.20E-08 
6.72E-06 
5.83E-07 
3.22E-10 
9.51E-06 
1.953-07 
O.OOE+OO 
1.13E-08 
2.95E-09 
0 ..00E+00 
3.23E-11 
1.283-03 
2.78E-05 
8.96E-06 
6.03E'-lO 
2.593-06 
1.10E-09 
2.303-07 
6.86E-09 
5.3313-11 

TOTAL 6.49E-03 

000362 
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Oct 22, 1993 2:28 pm 
SUMMARY 

Page 3 

Cancer 

Pathway 

CANCER RISK SUMMARY 

Selected Individual 
Total Lifetime 

Fatal Cancer Risk 

LEUKEMIA 
BONE 
THYROID 
BREAST 
LUNG 
STOMACH 
BOWEL 
LIVER 
PANCREAS 
URINARY 
OTHER 

1.88E-10 
1.15E-10 
3.46E-12 
5.32E-11 
8.53E-08 
1.78E-11 
1.93E-11 
7.68E-11 
1.10E-11 
4.46E-11 
1.35E-11 

8.58E-08 

PATHWAY RISK SUMMARY 

Selected Individual 
Total Lifetime 

Fatal Cancer Risk 

INGESTION 
INHALATION 
AIR IMMERSION 
GROUND SURFACE 
INTERNAL 
EXTERNAL 

O.OOE+OO 
8.56E-08 
1.06E-14 
1.65E-10 
8.563-08 
1.65E-10 

8.583-08 

800363 
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Oct 22, 1993 2:28 pm 
SUMMARY 

Page 4 

\ 

Nuclide 

U-238 
TH-234 
PA-234M 
U-234 
TH-230 
RA-226 
PO-218 
PB-214 
BI-214 
PO-214 
U-236 
U-235 
TH-231 
TC-99 
TH-232 
RA-228 
AC-228 
TH-228 
RA-224 
PO-216 
PB-212 
BI-212 
PO-212 
TL-208 
U-233 
PU-239 
NP-237 
PA-233 , 

PU-238 
CS-137 
BA-137M 
SR-90 
Y-90 

NUCLIDE RISK SUMMARY 

TOTAL 

Selected Individual 
Total Lifetime 

Fatal Cancer Risk 

2.843-08 
4.05E-11 
1.82E-15 
3.17E-08 
1.06E-09 
3.633-12 
3.90E-17 
3.973-16 
3.51E-16 
0.00E+00 
4.20E-09 
2.863-09 
4.983-14 
1.38E-12 
3.70E-11 
5.433-12 
6.25E-15 
1.87E-10 
3.15E-12 
0.00E+00 
1.463-13 
1.67E-14 
O.OOE+OO 
7.90E-16 
1.71E-08 
2.26E-10 
7.28E-11 
2.343-14 
2.28E-11 
2.90E-14 
5.50E-12 
2.18E-13 
1.893-15 

8.583-08 

000364 
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Oct 22, 1993 2:28 pm 
SUMMARY 

Page 5 

INDIVIDUAL EFFECTIVE DOSE EQUIVALENT RATE (mrem/y) 

(All Radionuclides and Pathways) 

Distance (m) 

Direction 83 147 195 216 262 
288 368 

N 1.4E-03 
2.6E-03 2.5E-03 

NNW 7.7E-04 
1.8E-03 1.7E-03 

Nw 6.3E-04 
1.4E-03 1.4E-03 

WNW 9.8E-04 
1.6E-03 1.5E-03 

W 1.7E-03 
2.6E-03 2.4E-03 

wsw 2.7E-03 
4.4E-03 3.9E-03 

sw 1.9E-03 
2.7E-03 2.3E-03 

ssw 1.1E-03 
2.1E-03 1.8E-03 

S 8.6E-04 
2.OE-03 1.8E-03 

SSE 1.3E-03 
2.5E-03 2.3E-03 

SE 1.6E-03 
3.OE-03 2.9E-03 

ESE 1.8E-03 
3.6E-03 3.6E-03 

E 2.7E-03 
4.8E-03 4.6E-03 

ENE 3.4E-03 
5.7E-03 5.5E-03 

NE 3.7E-03 
6.5E-03 6.2E-03 

2 - OE-03 

1.3E-03 

1.1E-03 

1.4E-03 

2.2E-03 

3.8E-03 

2.7E-03 

1.9E-03 

1.6E-03 

2.OE-03 

2.4E-03 

2.7E-03 

3.7E-03 

4.4E-03 

4.8E-03 

2.4E-03 

1.6E-03 

1.3E-03 

1.6E-03 

2.5E-03 

4.4E-03 

2.9E-03 

2.2E-03 

1.9E-03 

2.4E-03 

2.8E-03 

3.3E-03 

4.4E-03 

5.2E-03 

5.8E-03 

2.5E-03 

1.7E-03 

1.4E-03 

1.6E-03 

2.6E-03 

4.5E-03 

2.9E-03 

2.2E-03 

2.OE-03 

2.5E-03 

2.9E-03 

3.5E-03 

4.6E-03 

5.4E-03 

6.1E-03 

000365 

2.6E-03 

1.8E-03 

1.4E-03 

1.6E-03 

2.6E-03 

4.5E-03 

2.8E-03 

2.1E-03 

2.OE-03 

2.5E-03 

3.OE-03 

3.6E-03 

4.8E-03 

5.7E-03 

6.513-03 

. - --. . _. - 



54.41 
NNE 2.9Et-03 3.8E-03 4.5E-03 4.7E-03 4:8E-03 

4-83-03 4.5E-03 

Distance (m) 

Direction 401 444 479 494 599 

N 
NNW 
Nw 
WNW 
W 

wsw 
sw 
ssw 

S 
SSE 
SE 
ESE 
E 

ENE 
NE 
NNE 

2.4E-03 
1.6E-03 
1.3E-03 
1.4E-03 
2.4E-03 
3.7E-03 
2.1E-03 
1.7E-03 
1.7E-03 
2.3E-03 
2.9E-03 
3.6E-03 
4.6E-03 
5.4E-03 
6.OE-03 
4.3E-03 

2 .2E-'03 
1. SE-03 
1.3E-03 
1.4E-03 
2.3E-03 
3.4E-03 
1.9E-03 
1.6E-03 
1.6E-03 
2.2E-03 
2.9E-03 
3.5E-03 
4.5E-03 
5.2E-03 
5.7E-03 
4.1E-03 

2.1E-03 
1.5E-03 
1.2E-03 
1.3E-03 
2.2E-03 
3.2E-03 
1.8E-03 
1.5E-03 
1.5E-03 
2.1E-03 
2.8E-03 
3.5E-03 
4.4E-03 
5.OE-03 
5.5E-03 
3.9E-03 

2.1E-03 
1.4E-03 
1.2E-03 
1.3E-03 
2.2E-03 
3.1E-03 
1.7E-03 
1.4E-03 
1.4E-03 
2.1E-03 
2.8E-03 
3.5E-03 
4.3E-03 
5.OE-03 
5.4E-03 
3.8E-03 

1.8E-03 
1.2E-03 
1.1E-03 
1.2E-03 
2.OE-03 
2.6E-03 
1.4E-03 
1.2E-03 
1.2E-03 
1.9E-03 
2.7E-03 
3.4E-03 
4.OE-03 
4.5E-03 
4.7E-03 
3.3E-03 

000366 
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Oct 22, 1993 2:28 pm 
SUMMARY 

Page 6 

INDIVIDUAL LIFETIME RISK (deaths) 

(All Radionuclides and Pathways) 

Distance (m) 

Direction 83 147 195 216 262 
288 368 

N 1.8E-08 

NNW 1.OE-08 

Nw 8.3E-09 

3.5E-08 3.3E-08 

2.3E-08 2.2E-08 

1.9E-08 1.8E-08 
WNW 1.3E-08 

2.1E-08 2.OE-08 
W 2.2E-08 

3.5E-08 3.2E-08 
wsw 3.6E-08 

S.8E-08 5.1E-08 
sw 2.5E-08 

3.5E-08 3.OE-08 
ssw 1.4E-08 

2.7E-08 2.4E-08 
S 1.1E-08 

2.6E-08 2.3E-08 
SSE 1.7E-08 

3.3E-08 3.1E-08 
SE 2.1E-08 

4.OE-08 3.83-08 
ESE 2.3E-08 

4.8E-08 4.7E-08 
E 3.5E-08 

6.4E-08 6.1E-08 
ENE 4. 4E-0,8 

NE 4.9E-08 
7.5E-08 7-23-08 

8.63-08 8.2E-08 

2.6E-08 

1.7E-08 

1.4E-08 

1.8E-08 

2.9E-08 

5.1E-08 

3.5E-08 

2. SE-08 

2.1E-08 

2.7E-08 

3.2E-08 

3.6E-08 

5.OE-08 

5.8E-08 

6.4E-08 

3.1E-08 

2.1E-08 

1.7E-08 

2.1E-08 

3.3E-08 

5.8E-08 .- 

3.9E-08 

2.9E-08 

2.5E-08 

3.2E-08 

3.7E-08 

4.4E-08 

5.9E-08 

6.8E-08 

7.6E-08 

3.3E-08 

2.2E-08 

1.8E-08 

2.1E-08 

3.4E-08 

5.9E-08 

3.9E-08 

2.9E-08 

2.6E-08 

3.3E-08 

3.9E-08 

4.6E-08 

6.1E-08 

7.1E-08 

8.1E-08 

3. SE-08 

2.3E-08 

1.9E-08 

2.2E-08 

3.5E-08 

5.9E-08 

3.7E-08 

2.8E-08 

2.6E-08 

3.3E-08 

4.OE-08 

4.8E-08 

6.4E-08 

7. SE-08 

8.5E-08 

000367 



NNE 3.8E-08 5.OE-08 5.9E-08 6.2E-08 6.4E-08 
6.4E-08 5.9E-08 

Distance (m) 

Direct ion 401 444 479 494 599 

N 
NNW 
Nw 

WNW 
W 

wsw 
sw 
ssw 
S 

SSE 
SE 
ESE 
E 

ENE 
NE 
NNE 

3.1E-08 
2.1E-08 
1.7E-08 
1.9E-08 
3.1E-08 
4.8E-08 
2.8E-08 
2.2E-08 
2.2E-08 
3.OE-08 
3.8E-08 
4.7E-08 
6.OE-08 
7.1E-08 
7.9E-08 
5.7E-08 

3.OE-08 
2.OE-08 
1.7E-08 
1.8E-08 
3.OE-08 
4. SE-08 
2. SE-08 
2.1E-08 
2.1E-08 
2.9E-08 
3.8E-08 
4.7E-08 
5.9E-08 
6.8E-08 
7.5E-08 
5.4E-08 

2.8E-08 
1.9E-08 
1.6E-08 
1.8E-08 
2.9E-08 
4.2E-08 
2.4E-08 
1.9E-08 
2.OE-08 
2.8E-08 
3.7E-08 
4.6E-08 
5.8E-08 
6.7E-08 
.7.2E-08 
5.1E-08 

2.8E-08 2.4E-08 
1.9E-08 1.6E-08 
1.6E-08 1.4E-08 
1.7E-08 1.6E-08 
2.93-08 2.6E-08 
4.1E-08 3.5E-08 
2.3E-08 1.9E-08 
1.9E-08 1.6E-08 
1.9E-08 1.6E-08 
2.7E-08 2.5E-08 
3.7E-08 3.6E-08 
4.6E-08 4.5E-08 
5.7E-08 5.3E-08 
6.63-08 6.OE-08 
7.1E-08 6.2E-08 
5.OE-08 4.3E-08 

000368 
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CAP88-PC 

Version 1.00 

Clean Air Act Assessment Package - 1988 

SYNOPSIS REPORT 

Non-Radon Individual Assessment 

Oct. 22, 1993 4:29 pm 

Facility: FEMP 
Address: 7400 Willey Road 
City: Fernald 

Zip: 45239 
State: OH . 

Effective Dose Equivalent 
(mrern/year> 

4.14E-03 

At This Location: 
Source Category: 
Source Type: Stack 
Emission Year: 94 * 

805 Meters East Northeast 
Plant 8 Accident Off-site 

Comments: Off-site residents at 1200m, 0:5m.i, 1.5mi, 2.5mi, 3.5mi and 4.5m.i. 

Dataset Name: Plnt8Acc offsite 
Dataset Date: 
Wind File: WNDFILESWP8792.WND 

Oct. 22, 1993 4:29 pm 

000369 
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Northeast 

Oct 22, 1993 .4:29 pm 
SYNOPSIS 

Page 1 

MAXIMALLY EXPOSED INDIVIDUAL 

Location Of The Individual: 805 Meters East 

Lifetime Fatal Cancer Risk: 5.07E-08 

ORGAN DOSE EQUIVALENT SUMMARY 

Organ 

Dose 
Equivalent 
(mrem/ y 1 

GONADS 
BREAST 
R M A R  
LUNGS 
THYROID 
ENDOST 
RMNDR 

EFFEC 

000370 

2.65E-05 
2.60E-05 
6.40E-04 
2.97E-02 
2.89E-05 
9.04E-03 
6.90E-04 

4.14E-03 

. . - . . . . .  



Oct 22, 1993 
SYNOPSIS 

Page 

Nuciide 

2 

Class 

4:29 pm 

RADIONUCLIDE EMISSIONS DURING THE YEAR 94 

Size. 

U-238 
TH-234 
PA- 2 3 4M 
U-234 
TH-230 
RA-226 
PO-218 
PB-214 
BI-214 
PO-214 
U-236 
U-235 
TH-231 
TC-99 
TH-232 
RA-228 
AC-228 
TH-228 
RA-224 
PO-216 
PB-212 
BI-212 
PO-212 
TL-208 
U-233 
PU-239 
NP-237 
PA-233 
PU-238 
CS-137 
BA- 13 7M 
SR-90 
Y-90 

Y 
Y 
Y 
Y 
Y 
Y 
W 
D 
W 
W 
Y 
Y 
Y 
W 
Y 
Y 
Y 
Y 
Y 
W 
D 
W 
W 
D 
Y 
Y 
Y 
Y 
Y 
D 
D 
Y 
Y 

3.00 
3.00 
3.00 
3.00 
3.00 
3.00 
3.00 
3.00 
3.00 
3.00 
1.00 
1.00 
1.00 
1.00 
3.00 
3.00 
3.00 
3.00 
3.00 
3.00 
3.00 
3.00 
3.00 
3.00 
1.00 
1.00 
1.00 
1.00 
1.00 
1.00 
1.00 
1.00 
1-00 

... . . 

Source 
#1 TOTAL 

Ci/y Ci/y 

9.913-06 
9.9E-06 
9.9E-06 
9.9E-06 
2.7E-07 
1.1E-09 
1.1E-09 
1.1E-09 
1.1E-09 
1.1E-09 
7.1E-07 
4.7E-07 
4.7E-07 
7.4E-07 
9.6E-09 
1.9E-09 
1.9E-09 
2.OE-08 
2.OE-08 
2.OE-08 
2.OE-08 
2.OE-08 
1.3E-08 
7.4E-09 
2.713-06 
2.3E-08 
7.9E-09 
7.9E-09 
2.3E-09 
1.OE-08 
1.OE-08 
1.6E-09 
1.6E-09 

9.9E-06 
9.9E-06 
9.9E-06 
9.9E-06 
2.7E-07 
1.1E-09 
1.1E-09 
1.l.E-09 
1.1E-09 
1.1E-09 
7.m-07 
4.7E-07 
4.713-07 
7.4E-07 
9.6E-09 
1.9E-09 
1.9E-09 
2.OE-08 
2.01~-08 
2.013-08 
2.OE-08 
2.OE-08 
1.3E-08 
7.4E-09 
2.713-06 
2.3E-08 
7.9E-09 
7.9E-09 
2.3E-09 
1.OE-08 
1.OE-08 
1.6E-09 
1.6E-09 

> . \  .* 

. .  

000371 
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SITE INFORMATION 

Temperature: 13 degrees C 
Precipitation: 102 cm/y 



Mixing Height: 1000 m'. a 

000372 
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Oct 22, 1993 4:29 pm 
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Page 3 

SOURCE INFORMATION 

Source Number: 1 

Stack Height (m) : 15.00 
. Diameter (m): 0.00 

Plume Rise 
Buoyant ( cal / s ) : O.OOE+OO 

(Heat Releas'e Rate) 

AGRICULTURAL DATA 

Vegetable Milk 
Meat 

1 . 0 0 0  

0 . 0 0 0  

Fraction Home Produced: 1 IO00 1 . 0 0 0  

Fraction From Assessment Area: 0.000 0.000 

Fraction Imported: 0 . 0 0 0  0.000 
0 . 0 0 0  

Food Arrays were not generated for this run. 
Default Values used. 

DISTANCES USED FOR MAXIMUM INDIVIDUAL ASSESSMENT 

805 2415 4025 5635 7245 1200 

0 '  
000373 



C A P 8 8 - P C  

Version 1-00 

Clean Air Act Assessment Package - 1988 

G E N E R A L  D A T A  

Non-Radon Individual Assessment 
Oct 22, 1993 4:29 pm 

Facility: FEMP 

Address: 7400 Willey Road 

City: Fernald 
State: OH Zip: 45239 

Source Category: Plant 8 Accident Off-site 

Source Type: StacK 
Emission Year: 94 

Comments: Off-site Resident at 1200m, 0.5 mi, 1.5 mi, 

2.5 mi, 3.5 mi, 4.5 mi. 

Dataset Name: Plnt8Acc offsite 
Dataset Date: Oct 22, 1993 4:29 pm 

Wind File: WNDFILES\FMP8792.WND 

000374 



Oct 22, 1993 4:29 pm 
GENERAL 

Page 1 

VALUES FOR RADIONUCLIDE-DEPENDENT PARAMETERS 

Dry 
Part i c le Scavenging 

Clearance Size Coefficient 
Deposition 

Velocity 

(m/s) 
Nuclide Class (microns (per second) 

U-238 
1.80E-03 

TH-234 
1.80E-03 

PA-234M 
1.80E-03 

U-234 
1.80E-03 

TH-230 
1.80E-03 

RA-226 
1 - 80E-03 

PO-218 
1.80E-03 

PB-214 
1.80E-03 

BI-214 
1.80E-03 

PO-214 
1.80E-03 

U-236 
1.80E-03 

U-235 
1.80E-03 

TH-231 
1.80E-03 

TC-99 
1.80E-03 

TH-232 
1.80E-03 

€?A-228 
1.80E-03 

AC-228 

Y 

Y 

Y 

Y 

Y 

Y 

W 

Y 

W 

Y 

Y 

Y 

3.0 

3.0 

3.0 

3.0 

3.0 

3.0 

3.0 

3.0 

3.0 

3.0 

1.0 

1.0 

1.0 

1.0 

3.0 

3.0 

3.0 

1.02E-05 

1.02E-05 

1.02E-05 

1.02E-05 

1.02E-05 

1.02E-05 

1.02E-05 

1.02E-05 

1.02E-05 

1.02E-05 

1.02E-05 

1.02E-05 

1.02E-05 

1.02E-05 

1.02E-05 

1.02E-05 

1.02E-05 

' I  

000375 



1.80E-03 
TH-228 

1.80E-03 
RA-224 

1.80E-03 
PO-216 

1.80E-03 
PB-212 

1.80E-03 
- BI-212 

PO-212 

TL-208 

1.80E-03 

1.80E-03 

1.80E-03 
U-233 

1.80E-03 
PU-239 

1.80E-03 
NP-237 

1.80E-03 
PA-233 

1.80E-03 
PU-238 

1.80E-03 
CS-137 

1.80E-03 0 1.80E-03 
BA-137M 

SR-90 

Y-90 
1.80E-03 

1.80E-03 

Y 

Y 

W 

D 

W 

w 

D 

D 

Y 

Y 

3.0 

3.0 

3.0 

3.0 

3.0 

3.0 

3.0 

1.0 

1.0 

1.0 . 

1.0 

1.0 

1 . 0  

1.0 

1.0 

1.0 

1.02E-05 

1.02E-05 

1.02E-05 

1.02E-05 

l.02E-05 

1.02E-05 

1.02E-05 

1.02E-05 

1.02E-05 

1.02E-05 

1 - 02E-05 

1.02E-05 

1.02E-05 

1.02E-05 

1.02E-05 

1.02E-05 

000376 
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Page 2 

VALUES FOR RADIONUCLIDE-DEPENDENT PARAMETERS 

DECAY CONSTANT (PER DAY) 

COEFFICIENT 

Radio- 
Nuclide active (1) Surface Water 
Meat (3 ) 

TRANSFER 

Milk (2) 

U-238 
2.00E-04 
TH-234 
6.00E-06 
PA-2 3 4M 
1.00E-05 

U-234 
2.00E-04 
TH-230 
6.00E-06 

RA-226 
2.50E-04 
PO-218 
9.50E-05 
PB-214 
3.00E-04 

BI-214 
4.00E-04 
PO-214 
9.50E-05 

U-236 
2.00E-04 

U-235 
2.00E-04 
TH-231 
6.00E-06 

TC-99 
8.50E-03 

TH-232 
6.00E-06 

RA-228 
2.50E-04 

AC-228 

5.483-05 

5.483-05 

5.483-05 

5.483-05 

5.483-05 

5.48E-05 

5.4831-05 

5.48E-05 

5.483-05 

5.483-05 

5.4'83-05 

5.48E-05 

5.48E-05 

5.48E-05 

5.483-05 

5.483-05 

5.483-05 

6.00E-04 

5.00E-06 

5.00E-06 

6.00E-04 

5.00E-06 

4.50E-04 

3.50E-04 

2.50E-04 

5.00E-04 

3.50E-04 

6.00E-04 

6.00E-04 

5.00E-06 

1.00E-02 

5.00E-06 

4.50E-04 

2.00E-05 

000377 



.I. _ .  

2.50E-05 
TH-228 
6.00E-06 

RA-224 
2.50E-04 
PO-216 
9.50E-05 
PB-212 
3.00E-04 

BI-212 

PO-212 

TL-208 

4.00E-04 

9.50E-05 

4.00E-02 
U-233 
2.00E-04 
PU-239 
5.00E-07 

NP-237 
5.50E-05 
PA-233 
1.00E-05 
PU-238 
5.00E-07 

CS-137 
2 - 00E-02 

BA-137M 
1.50E-04 

SR-90 

Y-90 
3.00E-04 

3.00E-04 

FOOTNOTES: 

O.OOE+OO 

1.91E-01 

4.10E+05 

1.56E+00 

1.65E+01 

2.01E+ll 

3.27E+02 

O.OOE+OO 

0.00E+00 

O . O O E + O O  

2.57E-02 

O.OOE+OO 

0.00E+00 

3.91E+02 

O.OOE+OO 

2.60E-01 

(1) Effective 

5.483-05 

5.481~-05 

5.48E-05 

5.48E-05 

5.483-05 

5.483-05 

5.483-05 

5.48E-05 

5.481505 

5.48E-05 

5.48E-05 

5.48E-05 

5.481~-05 

5.481~-05 

5.483-05 

5.48E-05 

5.00E-06 

4.5013-04 

3.501~-04 

2.50E-04 

5.00E-04 

3.50E-04 

2.00E-03 

6.00E-04 

1.00E-07 

5.00E-06 

5.00E-06 

1.00E-07 

7.00E-03 

3.50E-04 

1.50E-03 

2.OOE-05 

radioactive decay constant in plume; 
set to zero if less than 1.OE-2 

(2) Fraction of animal's daily intake of nuclide 
which appears in each L of milk (days/L) 

(3) Fraction of animal's daily intake of nuclide 
which appears in each kg of meat (days/kg) 

000378 
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VALUES FOR RADIONUCLIDE-DEPENDENT PARAMETERS 

FRACTION 

CONCENTRATION 
UPTAKE FACTOR GI UPTAKE 

Nuc 1 ide Forage (1) Edible (2) 
Ingestion 

Inhalation 

U-238 
2.00E-01 

TH-234 
2.00E-04 

PA-234M 
1.00E-03 

U-234 
2.00E-01 

TH-230 
2.00E-04' 

RA-226. 

PO-218 
2.00E-01 

1.00E-01 
PB-214 

2.00E-01 
BI-214 

5.00E-02 
PO-214 

1.OOE-01 
U-236 

2.00E-01 
U-235 

2.00E-01 
TH-231 

2.00E-04 
TC-99 

8.00E-01 
TH-232 

2.00E-04 
RA-228 

2.00E-01 
AC-228 

8.50E-03 

8.50E-04 

2.50E-03 

8.50E-03 

8.50E-04 

1.50E-02 

2.50E-03 

4.50E-02 

3.50E-02 

2.50E-03 

8.50E-03 

8.50E-03 

8.50E-04 

9.50E+00 

8.50E-04 

1.50E-02 

3.50E-03 

1.71E-03 

3.64E-05 

1.07E-04 

1.71E-03 

3.643-05 

6.423-04 

1.71E-04 

3.85E-03 

2.14E-03 

1.71E-04 

1.71E-03 

1.71E-03 

3.643-05 

6.42E-01 

3.64E-05 

6.42E-04 

1.50E-04 

2.00E-03 

2.00E-04 

1.00E-03 

2.00E-03 

2.00E-04 

2.00E-01 

1.00E-01 

2.00E-01 

5.00E-02 

1.00E-01 

2.00E-03 

2.00E-03 

2.00E-04 

8.00E-01 

2.00E-04 

2.00E-01 

1.0013-03 



1.00E-03 0 2.00E-04 
TH-228 

RA-224 
2.00E-01 

PO-216 
1.00E-01 

PB-212 
2.00E-01 

BI-212 

PO-212 

TL-208 

5.00E-02 

1.00E-01 

9.50E-01 
U-233 

2.00E-01 
PU-239 

1.00E-03 
NP-237 

1.00E-03 
PA-233 

1.00E-03 
PU-238 

1.00E-03 
CS-137 

9.50E-01 
BA- 13 7M 

1.00E-01 
SR- 9 0 

3.00E-01 
Y-90 

1.00E-04 

FOOTNOTES: 
soil for 

pCi/kg dry soil) 

(2) 
soil by edible 

8.50E-04 

1.50E-02 

2.50E-03 

4.50E-02 

3.50E-02 

2.50E-03 

4.00E-03 

8.50E-03 

4.50E-04 

1.00E-01 

2.50E-03 

4.50E-04 

8.00E-02 

1.50E-01 

2.50E+00 

1.50E-02 

3.64E-05 

6.42E-04 

1.71E-04 

3.85E-03 

2.14E-03 

1.71E-04 

1.71E-04 

1.71E-03 

1.93E-05 

4.28E-03 

1.07E-04 

1.933-05 

1.283-02 

6.423-03 

1.07E-01 

2.57E-03 

2.00E-04 

2.00E-01 

1.00E-01 

2.00E-01 

5.00E-02 

1.00E-01 

9.50E-01 

2.00E-03 

1.00E-04 

1.00E-03 

1.00E-03 

1.00E-03 

9.50E-01 

1.00E-01 

1.00E-02 

1.00E-04 

Concentration factor for uptake of nuclide from 

pasture and forage (in pCi/kg dry weight per 

Concentration factor f o r  uptake of nuclide from 

parts of crops (in pCi/kg wet weight per pCi/kg 
dry soil) 
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DECAY CHAIN INGROWTH FACTORS 

Nuclide Parent ( s  ) Ingrowth Factor ( s )  

BA-137M CS-137 3.2093+06 

800381 
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Page 5 

VALUES FOR RADIONUCLIDE-INDEPENDENT PARAMETERS 

HUMAN INHALATION RATE 
Cubic centimeters/hr 

9.17E+05 

SOIL PARAMETERS 
Effective surface density (kg/sq m, dry weight) 

(Assumes 15 cm plow layer) 
2.15E+02 

BUILDUP TIMES 
For activity in soil (years) 

For radionuclides deposited on ground/water (days) 
1 - 00E+02 

3.65E+04 

DELAY TIMES 
Ingestion of pasture grass by animals (hr) 

Ingestion of stored feed by animals (hr) 

Ingestion of leafy vegetables by man (hr) 

Ingestion of produce by man (hr) 

Transport time from animal feed-milk-man (day) 

Time from slaughter to c.onsumption (day) 

O.OOE+OO 

2.16E+03 

3.36E+02 

3.36E+02 

2.00E+00 

2.00E+01 

WEATHERING 
Removal rate constant for physical loss (per hr) 

2.90E-03 

CROP EXPOSURE DURATION 
Pasture grass (hr) 

7.20E+02 
Crops/leafy vegetables (hr) 

1.44E+03 

000382 



AGRICULTURAL PRODUCTIVITY 
Grass-cow-milk-man pathway (kg/sq m) 

Produce/leafy veg for human consumption (kg/sq m) 
2.80E-01 

7.16E-01 

FALLOUT INTERCEPTION FRACTIONS 
Vegetables 

Pasture 
2.OOE-01 

5.70E-01 

GRAZING PARAMETERS 
Fraction of year animals graze on pasture 

Fraction of daily feed that is pasture grass 
4.00E-01 

when animal grazes on pasture 
4.30E-01 

000383 
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VALUES FOR RADIONUCLIDE-INDEPENDENT PARAMETERS 

ANIMAL FEED CONSUMPTION FACTORS 
Contaminated feed/forage (kg/day, dry weight) 

1.56E+01 

DAIRY PRODUCTIVITY 
Milk production of cow (L/day) 

l.lOE+Ol 

MEAT ANIMAL SLAUGHTER PARAMETERS 
Muscle mass of animal at slaughter (kg) 

Fraction of herd slaughtered (per day) 
2 . 0 0 E + 0 2  

3.81E-03 

DECONTAMINATION 
Fraction of radioactivity retained after washing 

for leafy vegetables and produce 
5.00E-01 

FRACTIONS GROWN IN GARDEN OF INTEREST 
Produce ingested 

Leafy vegetables ingested 
1.00E+00 

1.00E+00 

INGESTION RATIOS: 
IMMEDIATE SURROUNDING AREA/TOTAL WITHIN AREA 

Vegetables 

Meat 

Milk 

1.00E+00 

l.OOE+OO 

1 . 0 0 E + 0 0  ' 

MINIMUM INGESTION FRACTIONS FROM OUTSIDE AREA 
(Minimum fractions of food types from outside 
area listed below are actual fixed values.) a 

000384 



0 . 0 0 E + 0 0  

0.00E+00 

vegetables 

Meat 

Milk 
O.OOE+OO 

HUMAN FOOD UTILIZATION FACTORS 
Produce ingestion (kg/y) 

Milk ingestion (L/y) 

Meat ingestion (kg/y) 

Leafy vegetable ingestion (kg/y) 

1.76E+02 

1.12E+02 

8.50E+01 

1.80E+01 

SWIMMING PARAMETERS 
Fraction of time spent swimming 

Dilution factor for water (cm) 
O.OOE+OO 

1 . 0 0 E + 0 0  

. .  



C A P 8  8 - P C  

Version 1.00 

Clean Air Act Assessment Package - 1988 

D O S E  A N D  R I S K  E Q U I V A L E N T  S U M M A  
R I E S  

Non-Radon Individual Assessment 
Oct 22, 1993 4:29 pm 

Facility: FEMP 

Address: 7400 Willey Road 

City: Fernald 
State: OH Zip: 45239 

Source Category: Plant 8 Accident Off-site 

Source Type: Stack 
Emission Year: 94 

Comments: Off-site Resident at 1200m, 0.5 mi, 1.5 mi, 

2.5 mi, 3.5 mi, 4.5 mi. 

Dataset Name: Plnt8Acc offsite 
Dataset Date: Oct 22, 1993 4:29 pm 

Wind File: WNDFILES\FMP8792.WND 
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ORGAN DOSE EQUIVALENT SUMMARY 

Organ 

Selected 
Individual 
(mrem/ y ) 

GONADS 
BREAST 
RMAR 
LUNGS 
THYROID 
ENDOST 
RMNDR 

2.653-05 
2.60E-05 
6.40E-04 
2.97E-02 
2.89E-05 
9.04E-03 
6.90E-04 

EFFEC 4.14E-03 

PATHWAY EFFECTIVE DOSE EQUIVALENT SUMMARY a 
Pathway 

Selected 
Individual 

( mrem/ y 1 

INGESTION 5.01E-04 
INHALATION 3.63E-03 
AIR IMMERSION 2.llE-10 
GROUND SURFACE 3.643-06 
INTERNAL 4.13E-03 
EXTERNAL 3.64E-06 

TOTAL 4.14E-03 

.- 

. a .  
... 
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NUCLIDE EFFECTIVE DOSE EQUIVALENT SUMMARY 

Nuclide 

Selected 
Individual 
(mrem/ y ) 

U-238 
TH-234 
PA-234M 
U-234 
TH-230 
RA-226 
PO-218 
PB-214 
BI-214 
PO-214 
U-236 
U-235 
TH-231 
TC-99 
TH-232 
RA-228 
AC-228 
TH-228 
RA-224 
PO-216 
PB-212 
BI-212 
PO-212 
TL-208 
U-233 
PU-239 
NP-237 
PA-233 
PU-238 
CS-137, 
BA-137M 
SR-90 
Y-90 

1.38E-03 
1.69E-06 
7.18E-12 
1.553-03 
7.85E-05 
1.843-07 
1.67E-14 
2.57E-12 
2.243-12 
0.00E+00 
1.91E-04 
1.27E-04 
9.47E-10 
1.533-06 
3.85E-06 
3.52E-07 
1.77E-10 
5.393-06 
1.12E-07 
0.00E+00 . 

6.21E-09 
1.47E-09 
0.00E+00 
3.61E-12 
7.75E-04 
1.743-05 
5.683-06 
5.85E-10 
1.61E-06 
3.48E-08 
1.16E-07 
1.883-08 
3.16E-11 

TOTAL 4.14E-03 

800388 
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CANCER RISK SUMMARY 

Cancer 

Selected Individual 
Total Lifetime 

Fatal Cancer Risk 

LEUKEMIA 
BONE 
THYROID 
BREAST 
LUNG 
STOMACH 
BOWEL 
LIVER 
PANCREAS 
URINARY 
OTHER 

6.80E-10 
4.69E-10 
7.79E-12 
5.47E-11 
4.78E-08 
7.75E-11 
6.32E-11 
7 -26E-11 
2 -29E-11 
1.46E-09 
2.80E-11 

TOTAL 5.07E-08 

PATHWAY RISK SUMMARY 

Pathway 

Selected Individual 
Total Lifetime 

Fatal Cancer Risk 

INGESTION 
INHALATION 
AIR IMMERSION 
GROUND SURFACE 
INTERNAL 
EXTERNAL 

TOTAL 

2.67E-09 
4.793-08 
4.81E-15 
8.37E-11 
5.06E-08 
8.37E-11 

5.07E-08 

000389 
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NUCLIDE RISK SUMMARY 

Nuclide 

Selected Individual 
Total Lifetime 

Fatal Cancer Risk 

U-238 
TH-234 
PA-234M 
U-234 
TH-230 
RA-226 
PO-218 
PB-214 
BI-214 
PO-214 
U-236 
U-235 
TH-231 
TC-99 
TH-232 
RA-228 
AC-228 
TH-228 
RA-224 
PO-216 
PB-2 12 
BI-212 
PO-212 
TL-208 
U-233 
'PU-239 
NP-237 
PA-233 
PU-238 
CS-137 
BA-137M 
SR-90 
Y-90 

TOTAL 

1.69E-08 
3.58E-11 
1.3 6E-16 
1.883-08 
6.00E-10 
2.17E-12 
4.36E-18 
1.733-16 
1.40E-16 
0.00E+00 
2.42E-09 
1.643-09 
2.76E-14 
5.59E-11 
2.09E-11 
3.22E-12 
3.43E-15 
1.05E-10 
1.78E-12 
O.OOE+OO 
8.05E-14 
8.35E-15 
O.OOE+OO 
8.823-17 
9.85E-09 
1.35E-10 
4.39E-11 
1.563-14 
1.36E-11 
9.llE-13 
2.793-12 
3.743-13 
1.07E-15 

5.07E-08 

. .  
.I I - .  000390 
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INDIVIDUAL EFFECTIVE DOSE EC JIVALENT RATE ( m r e r n / y )  

(All Radionuclides and Pathways) 

Distance ( m )  

Direction 1200 805 2415 4025 5635 
7245 

N 

NNW 

Nw 

WNW 

W 

wsw 

sw 

ssw 

S 

SSE 

SE 

ESE 

E 

ENE 

NE 

6.OE-05 

4.OE-05 

3.6E-05 

4.4E-05 

7.1E-05 

8.1E-05 

4.2E-05 

3.8E-05 

4.OE-05 

6.8E-05 

1.1E-04 

1.4E-04 

1.6E-04 

1.7E-04 

1.6E-04 

9.3E-04 

6.3E-04 

5.7E-04 

6.9E-04 

1.1E-03 

1.3E-03 

6.8E-04 

6.OE-04 

6.2E-04 

1.1E-03 

1.7E-03 

2.2E-03 

2.4E-03 

2.613-03 

2.5.~-03 

1.5E-03 

1.OE-03 

9.2E-04 

1.1E-03 

1.8E-03 

2.2E-03 

1.2.E-03 

1.OE-03 

1.OE-03 

1.7E-03 

2.6E-03 

3.3E-03 

3.8E-03 

4.1E-03 

4.1E-03 

3.3E-04 

2.2E-04 

2.OE-04 

2.5E-04 

4.OE-04 

4.4E-04 

2.4E-04 

2.1E-04 

2.2E-04 

3.8E-04 

6.4E-04 

8.1E-04 

8.9E-04 

9.5E-04 

8.9E-04 

1.5E-04 

1.OE-04 

9.2E-05 

1.1E-04 

1.8E-04 

2.OE-04 

1.1E-04 

9.5E-05 

1.OE-04 

1.7E-04 

2.9E-04 

3.7E-04 

4.OE-04 

4.3E-04 

4.OE-04 

9.OE-05 

6.OE-05 

5.5E-05 

6.7E-05 

1.1E-04 

1.2E-04 

6.3E-05 

5.7E-05 

6.OE-05 

1.OE-04 

1.7E-04 

2.2E-04 

2.4E-04 

2.6E-04 

2.4E-04 

. .  
8083911. 
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Oct 22, 1993 4:29 pm 
SUMMARY 

Page 6 

INDIVIDUAL LIFETIME RISK (deaths) 

(All Radionuclides and Pathways) 

Distance (m) 

Direction 1200 805 2415 4025 5635 
7245 

N 

NNW 

Nw 

WNW 

W 

wsw 
sw 

ssw 

S 

SSE 

SE 

ESE 

E 

ENE 

NE 

7.3E-10 

4.8E-10 

4.3E-10 

5.3E-10 

8.5E-10 

9.7E-10 

5.1E-10 

4.6E-10 

4 - 8E-10 

8.3E-10 

1.4E-09 

1.7E-09 

1.9E-09 

2.1E-09 

2.OE-09 

1.1E-08 

7.7E-09 

7.OE-09 

8.5E-09 

1.4E-08 

1.6E-08 

8.3E-09 

7 - 3E-09 

7.6E-09 

1.3E-08 

2.1E-08 

2.6E-08 

3.OE-08 

3.2E-08 

3.OE-08 

1.9E-08 

1.3E-08 

1.1E-08 

1.3E-08 

2.2E-08 

2.6E-08 

1.4E-08 

1.2E-08 

1.3E-08 

2.1E-08 

3.2E-08 

4.OE-08 

4.6E-08 

5.1E-08 

5.OE-08 

4.OE-09 

2 . 7E-0'9 
2.5E-09 

3.1E-09 

4.9E-09 

5.4E-09 

2.9E-09 

2.6E-09 

2.7E-09 

4.7E-09 

7.9E-09 

9.8E-09 

1.1E-08 

1.2E-08 

1.1E-08 

000393 

1.8E-09 

1.2E-09 

1.1E-09 

1.4E-09 

2.2E-09 

2.4E-09 

1.3E-09 

1.2E-09 

1.2E-09 

2.1E-09 

3.6E-09 

4. SE-09 

4.9E-09 

5.2E-09 

4.9E-09 

1.1E-09 

7.3E-10 

6.6E-10 

8.2E-10 

1.3E-09 

1.5E-09 

7.6E-10 

6.9E-10 

7 - 2E-10 

1.3E-09 

2.1E-09 

2.7E-09 

2.9E-09 

3.1E-09 

2.9E-09 

. .  



NNE 2.OE-08 3.4E-08 7.2E-09 3.3E-09 2.OE-09 
1.3E-09 

000394 



- Y -, - 

C A P  8 8 - P C  

Version 1.00 

Clean Air Act Assessment Package - 1988 

S Y N O P S I S  R E P O R T  

Non-Radon Individual Assessment 
Apr 1, 1994 4:04 pm 

Facility: FEMP 
Address: 7400 Willey Road 

City: Fernald 
State: OH Zip:  45239 

Effective Dose Equivalent 
(mrem/year) 

1.4713-0 1 

At This Location: 447 Meters Northeast 
Source Category: Safe Shutdown Integrated Nine Plants 

Source 
Emi s s ion 

Comments : 

Dataset 
Dataset 

Wind 

Type: Stack 
Year: 94 

On Site Workers at 112, 223, 316, 447, and 500 
Meters 

Name : SHUTD-ON-SITE 
Date: Apr 1, 1994 4:03 pm 
File: WNDFILES\FMP8792.WND 

000395 
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Apr 1, 1994 4:04 pm SYNOPSIS 
Page 1 

MAXIMALLY EXPOSED INDIVIDUAL 

Location Of The Individual: 447 Meters Northeast 
Lifetime Fatal Cancer Risk: 1.70E-06 

ORGAN DOSE EQUIVALENT SUMMARY 

Organ 

Dose 
Equivalent 
(=em/Y 1 

GONADS 6 7 113-03 
BREAST 8 . 90E-04 
R M A R  4 3511-02 
LUNGS 9.763-01 
THYROID 7 . 88E-04 
ENDOST 5 35E-0 1 
RMNDR 2 . 373-02 
EFFEC 1.47E-0 1 

000396 



Apr 1, 1994 

0 .  
Nuclide 

U-238 
TH-234 
PA-234M 
U-234 
TH-230 
RA-226 
PO-218 
PB-214 
BI-214 
PO-214 
U-236 
U-235 
TH-2 3 1 
TC-99 
TH-232 
RA-228 
AC-228 

PB-2 12 
' BI-212 

PO-2 12 
TL-2 0 8 
U-233 
PU-239 
NP-237 
PA-233 
PU-238 
CS-137 
BA- 13 7M 
SR-90 
Y-90 

Class 

Y 
Y 
Y 
Y 
Y 
Y 
W 
D 
W 
W 
Y 
Y 
Y 
W 
Y 
Y 
Y 
Y 
Y 
W 
D 
W 
W 
D 
Y 
Y 
Y 
Y 
Y 
D 
D 
Y 
Y 

> . ,  .. i ..; L ' 

4:04 p m -  .. 

RADIONUCLIDE EMISSIONS DURING THE YEAR 94 

Size 

Source 
#1 

Ci/y 
TOTAL 
Ci/y 

3.00 
3.00 
3.00 
3.00 
3.00 
3.00 
3.00 
3.00 
3.00 
3.00 
1.00 
1.00 
1.00 
1.00 
3.00 
3.00 
3.00 
3.00 
3.00 
3.00 
3.00 
3.00 
3.00 
3.00 
1-00 
1.00 
1.00 
1.00 
1.00 
1.00 
1.00 
1.00 
1.00 

2 . 6E-04 
2.6E-04 
2.613-04 
2 . 6E-04 
3 . 1E-06 
5.113-07 
5.113-07 
5 . 1E-07 
5 . 1E-07 
5 . 1E-07 
1.5E-05 
1.4E-05 
1.4E-05 
2.813-05 
5.OE-07 
2 . 312-07 
2 . 3E-07 
5.6E-07 
5 . 6E-07 
5 . 6E-07 
5 . 6E-07 
5 . 6E-07 
3.6E-07 
2 . OE-07 
6.9E-05 
7.1E-05 
2.2E-07 
2.2E-07 
1.4E-07 
4.713-07 
4 . 7E-07 
6 . OE-07 
6 . OE-07 

2.6E-04 
2.6E-04 
2.6E-04 
2.6E-04 
3 . 1E-06 
5 . 1E-07 
5 . 1E-07 
5.113-07 
5.1E-07 
5.1E-07 
1.5E-05 
1.4E-05 
1.411-05 
2 . 8E-05 
5 . OE-07 
2 . 3E-07 
2 . 3E-07 
5 . 6E-07 
5.6E-07 
5 . 6E-07 
5.6E-07 
5 . 6E-07 
3.6E-07 
2 . OE-07 
6.9E-05 
7.1E-05 
2.2E-07 
2.2E-07 
1 . 4E-07 
4.7E-07 
4 . 7E-07 
6 . OE-07 
6 . OE-07 

SITE INFORMATION 

Temperature: 13 degrees C 
Precipitation: 102 cm/y 
Mixing Height: 1000 m 

SYNOPSIS 
Page 2 
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Apr,-, 1, 1994 4:04 pm 

Source Number: 1, -- 

SOURCE INFORMATION 

SYNOPSIS 
Page 3 

Stack 'Height (m) : 19.00 
Diameter (m) : 0.00 

Plume Rise 
Pasquill Cat: A B C D E F G 

0.00 Zero: 0.00 0.00 0.00 0.00 0.00 0.00 

AGRICULTURAL DATA 

Vegetable Milk Meat 

Fraction Home Produced: 0.000 0.000 0 . 000 
Fraction From Assessment Area: 0.000 0.000 0.000 

Fraction Imported: 0 1.000 1.000 1.000 

Food Arrays were not generated for this run. 
Default Values used. 

DISTANCES USED FOR MAXIMUM INDIVIDUAL ASSESSMENT 

112 223 316 447 500 

. .  
. I  000398 



C A P 8  8 - P C  

Version 1.00 

Clean Air Act Assessment Package - 1988 

G E N E R A L  D A T A  

Non-Radon Individual Assessment 
Apr 1, 1994 4:04 pm 

Facility: FEMP 
Address: 7400 Willey Road 

City : Fernald 
State: OH Zip: 45239 

Source Category: Safe Shutdown Integrated Nine Plants 
Source Type: Stack 

0 
'Emission Year: 94 

Comments: On Site Workers at 112, 223, 316, 447, and 500 
Meters 

Dataset Name: SHUTD-ON-SITE 
Dataset Date: Apr 1, 1994 4:03 pm 

Wind File: WNDFILES\FMP8792.WND 

- . -.- . .. . . . - ._. 



GENERAL 
Page 1 

a VALUES FOR RADIONUCLIDE-DEPENDENT PARAMETERS 

Particle 
Clearance Size 

Scavenging 
Coefficient 

D r y  
Deposition 
Velocity 

Nuclide Class (microns ) (per second) ( m m  
U-238 
TH-234 
PA-234M 
U-234 
TH-230 
RA-226 
PO-218 
PB-214 
BI-214 
PO-214 
U-236 
U-235 
TH-2 3 1 
TC-99 
TH-232 
RA-228 
AC-228 
TH-228 
RA-224 
PO-216 
PB-212 
BI-2 12 
PO-2 12 
TL-208 
U-233 
PU-239 
NP-237 
PA-233 
PU-238 
CS-137 
BA-137M 
SR-90 
Y-90 

Y 
Y 
Y 
Y 
Y 
Y 
W 
D 
W 
W 
Y 
Y 
Y 
W 
Y 
Y 
Y 
Y 
Y 
W 

. D  
W 
W 
D 
Y 
Y 
Y 
Y 
Y 
D 
D 
Y 
Y 

3.0 
3.0 
3.0 
3.0 
3.0 
3.0 
3.0 
3.0 
3.0 
3.0 
1.0 
1.0 
1.0 
1.0 
3.0 
3.0 
3.0 
3.0 
3.0 
3.0 
3.0 
3.0 
3.0 
3.0 
1-. 0 
1.0 
1.0 
1.0 
1.0 
1.0 
1.0 
1.0 
1.0 

1.02E-05 
1.02E-05 
1.02E-05 
1 . 02E-05 
1.02E-05 
1.02E-05 
1.02E-05 
1 . 02E-05 
1 . 02E-05 
1.02E-05 
1.02E-05 
1.02E-05 

1 . 02E-05 
1 . 02E-05 
1 . 02E-05 
1.02E-05 
1.02E-05 
1 . 02E-05 
1.02E-05 
1.02E-05 
1 . 02E-05 
1 . 02E-05 
1.02E-05 
1 . 02E-05 
1 . 02E-05 
1 . 02E-05 
1 . 02E-05 
1.02E-05 
1 . 02E-05 
1.02E-05 
1.02E-05 
1 . 02E-05 

1.02E-05 

1.80E-03 
1.80E-03 
1 . 80E-03 
1.80E-03 
1 . 80E-03 
1.80E-03 
1 . 80E-03 
1.80E-03 
1.80E-03 
1.80E-03 
1 . 80E-03 
1.80E-03 
1.80E-03 
1.80E-03 
1 . 80E-03 
1 e 80E-03 
1.80E-03 
1.80E-03 
1.80E-03 
1 . 80E-03 
1.80E-03 
1.80E-03 
1.80E-03 
1.80E-03 
1.80E-03 
1.80E-03 
1.80E-03 
1.80E-03 
1.80E-03' 
1.80E-03 
1.80E-03 
1.80E-03 
1.80E-03 



1994 GENERAL 
Page 2 

VALUES FOR RADIONUCLIDE-DEPENDENT PARAMETERS 

DECAY CONSTANT (PER DAY) 
TRANSFER COEFFICIENT 

Radio- 
Nuclide active (1) Surf ace Water Milk (2) Meat (3) 

U-238 
TH-234 
PA-234M 
U-234 
TH-230 
RA-226 
PO-218 
PB-214 

8 BI-214 
PO-2 14 
U-236 
U-235 
TH-231 
TC-99 
TH-232 

RA-224 
PO-216 
PB-2 12 
BI-2 12 
PO-212 
TL-208 
U-233 
PU-239 
NP-237 
PA-233 
PU-238 
CS-137 
BA-137M 
SR-90 
Y-90 

O.OOE+OO 
2.883-02 
8.533+02 
O.OOE+OO 
O.OOE+OO 
O.OOE+OO 
3.27E+02 
3.72E+O 1 
5.02E+O 1 
3.66E+08 
O.OOE+OO 
O.OOE+OO 
6.523-01 
O.OOE+OO 
O.OOE+OO 
O.OOE+OO 
2 . 7 1E+00 
O.OOE+OO 
1.91E-01 
4.10E+05 
1.56E+00 
1.65E+O 1 
2.01E+ll 
3.27E+02 
O.OOE+OO 
O.OOE+OO 
O.OOE+OO 
2 -573-02 
0 . 00E+00 
O.OOE+OO 
3.913+02 
O.OOE+OO 
2.60E-01 

5.483-05 
5 . 48E-05 
5.48E-05 
5 . 483-05 
5.483-05 
5.483-05 
5.483-05 
5,483-05 
5.483-05 
5.483-05 
5.483-05 
5 . 483-05 
5 -483-05 
5 . 483-05 
5.483-05 
5.483-05 
5 . 483-05 
5 . 48E-05 
5.483-05 
5 . 483-05 
5 . 483-05 
5 . 48E-05 
5.483-05 
5.483-05 
5 . 4 8E-05 
5.483-05 
5 -483-05 
5 -483-05 
5 . 48E-05 
5.483-05 
5,483-05 
5 . 483-05 
5 . 483-05 

O.OOE+OO 
O.OOE+OO 
O.OOE+OO 
O.OOE+OO 
O.OOE+OO 
O.OOE+OO 
O.OOE+OO 
O.OOE+OO 
O.OOE+OO 
0 . 00E+00 
O.OOE+OO 
O.OOE+OO 
O.OOE+OO 
0 . 00E+00 
0 . 00E+00 
0 . 00E+00 
O.OOE+OO 
O.OOE+OO 
O.OOE+OO 
O.OOE+OO 
0 . 00E+00 
O.OOE+OO 
O.OOE+OO 
O.OOE+OO 
O.OOE+OO 
O.OOE+OO 
O.OOE+OO 
O.OOE+OO 
0 . 00E+00 
0 . 00E+00 
O.OOE+OO 
0 . 00E+00 
O.OOE+OO 

6 . 00E-04 
5 . 00E-06 
5 . 00E-06 
6 . 00E-04 
5 . 00E-06 
4 . 5013-04 
3.50E-04 
2 . 50E-04 
5 . 003-04 
3 . 50E-04 
6 . 00E-04 
6 . 00E-04 
5 . 00E-06 
1.00E-02 
5 . 00E-06 
4.50E-04 
2.00E-05 
5.00E-06 
4 . 50E-04 
3.50E-04 
2.503-04 
5.00E-04 
3.50E-04 
2 . 00E-03 
6.00E-04 
1 . 00E-07 
5 . 00E-06 
5 . 00E-06 
1 . 00E-07 
7 . 00E-03 
3.503-04 
1.50E-03 
2 . 00E-05 

FOOTNOTES: (1) Effective radioactive decay constant in plume; 
set to zero if less than 1.OE-2 

(2) Fraction of animal's daily intake of nuclide 
which appears in each L of-milk (days/L) 

2.00E-04 
6.00E-06 
1.00E-05 
2 . 00E-04 
6 . 00E-06 
2.50E-04 
9.50E-05 
3 . 0012-04 
4.0013-04 
9.50E-05 
2.00E-04 
2 . 00E-04 
6.00E-06 
8.503-03 
6.00E-06 
2.503-04 
2.503-05 
6.00E-06 
2.503-04 
9.50E-05 
3 . 00E-04 
4.00E-04 
9.50E-05 
4 . 00E-02 
2 . 0013-04 
5.00E-07 
5.503-05 
1.00E-05 
5 . 00E-07 
2 . 00E-02 
1.50E-04 
3 . 00E-04 
3 . 00E-04 

(3) Fraction of animal's daily intake of nuclide 
which appears in each kg of meat (days/kg) 
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Apr 1, 1994 4:04 pm GENERAL 
Page 3 

a VALUES FOR RADIONUCLIDE-DEPENDENT PARAMETERS 

CONCENTRATION 
' UPTAKE FACTOR GI UPTAKE FRACTION 

Nuclide Forage ( 1) Edible (2) Inhalation Ingestion 

U-238 
TH-234 
PA-234M 
U-234 
TH-230 
RA-226 
PO-218 
PB-214 
BI-214 
PO-214 
U-236 
U-235 
TH-23 1 
TC-99 
TB-232 
RA-228 
AC-228 
TH-228 
RA-224 
PO-216 
PB-2 12 
BI-212 
PO-212 
TL-208 
U-233 
PU-239 
NP-237 
PA-233 
PU-238 
CS-137 
BA- 1 3 7M 
SR-90 
Y-90 

8.50E-03 
8.50E-04 
2.50E-03 
8 . 50E-03 
8.503-04 
1 . 5 OE-02 
2.50E-03 
4.50E-02 
3.50E-02 
2.503-03 
8.503-03 
8.503-03 
8.503-04 
9 . 50E+00 
8 . 50E-04 
1.50E-02 
3.5OE-03 
8.50E-04 
1 . 50E-02 
2.503-03 
4.50E-02 
3.50E-02 
2.50E-03 
4 -00E-03 
8.503-03 
4.50E-04 
1.0OE-01- 
2 . 50E-03 
4.50E-04 
8 . 00E-02 
1 50E-0 1 
2.50E+00 
1 50E-02 

1 . 7 1E-03 
3 . 643-05 
1 . 07E-04 
1.71E-03 
3 . 64E-05 
6.423-04 
'1.71E-04 
3.853-03 
2.14E-03 
1.7 1E-04 
1.71E-03 
1.7 1E-03 
3 . 643-05 
6 . 42E-01 
3 . 643-05 
6.423-04 
1.50E-04 
3 . 643-05 
6.42E-04 
1.71E-04 
3.853-03 
2 . 14E-03 
1.7 1E-04 
1.71E-04 
1 . 7 1E-03 
1.933-05 
4 . 28E-03 
1 . 07E-04 
1 . 933-05 
1.28E-02 
6.423-03 
1.07E-01 
2.57E-03 ' 

2 . 00E-03 
2 . 00E-04 
1 . 00E-03 
2.00E-03 
2 . 00E-04 
2 . OOE-0 1 
1 . OOE-0 1 
2 . OOE-0 1 
5 . 00E-02 
1.00E-01 
2.00E-03 
2.00E-03 
2 . 00E-04 
8.00E-01 
2 . 00E-04 
2.00E-01 
1.00E-03 
2 . 00E-04 
2 . OOE-0 1 
1.00E-01 
2 . OOE-0 1 
5 . 00E-02 
1.00E-01 
9.50E-01 
2.00E-03 
1.00E-04 
1.00E-03 
1.00E-03 
1 . 00E-03 
9.50E-01 
1.00E-01 
1.00E-02 
1.OOE-04 

2.00E-01 
2 . 0013-04 
1 . 0011-03 
2 00E-01 
2 . 00E-04 
2.0OE-01 
1.00E-01 
2 00E-01 
5 . 00E-02 
1.OOE-0 1 
2 . 00E-01 
2.00E-01 
2 . 00E-04 
8.00E-01 
2.00E-04 
2.0OE-01 

2 1 . OOE-0 00E-04 e 
2.00E-01 
1.00E-01 
2 . OOE-01 
5.00E-02 
1.OOE-0 1 
9 . 50E-0 1 
2 . 00E-01 
1 00E-03 
1 . 0013-03 
1 . 00E-03 
1.00E-03 
9 . 50E-01 
1.00E-01 
3.00E-01 
1 . 00E-04 

FOOTNOTES: (1) Concentration factor for uptake of nuclide from soil for 
pasture and forage (in pCi/kg d r y  weight per pCi/kg dry soil) 

(2) Concentration factor for uptake of nuclide from soil by edible 
parts of crops (in pCi/kg wet weight per pCi/kg dry soil) 
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INGROWTH FACTORS 

GENERAL 
Page 4 

Nuclide Parent ( s ) Ingrowth F a c t o r ( s )  
~ ~~~ 

BA-137M CS-137 

i 

, . .  . 

3.209E-i-06 
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Page 5 

VALUES FOR RADIONUCLIDE-INDEPENDENT PARAMETERS 

HUMAN INHALATION RATE 
Cubic centimeters/hr 9.17E+05 

SOIL PARAMETERS 
Effective surface density (kg/sq m, dry weight) 

(Assumes 15 cm plow layer) 2 . 15E+02 
BUILDUP TIMES 

For activity in soil (years) 1 . 00E+02 
For radionuclides deposited on ground/water (days) 3 . 65E+04 

DELAY TIMES 
Ingestion of pasture grass by animals (hr) 
Ingestion of stored feed by animals (hr) 
Ingestion of leafy vegetables by man (hr) 
Ingestion of produce by man (hr) 
Transport time from animal feed-milk-man (day) 
Time from slaughter to consumption (day) 

0 . 00E+00 
2 . 16E+03 
3 . 36E+02 
3 . 36E+02 
2.00E+00 
2 . 00E+01 

WEATHERING 
Removal rate constant for physical loss (per hr) 

CROP EXPOSURE DURATION 
Pasture grass (hr) 
Crops/leafy vegetables (hr) 

2.903-03 

7.203+02 
1.443+03 

AGRICULTURAL PRODUCTIVITY 
Grass-cow-milk-man pathway (kg/sq m) 2.80E-01 
Produce/leafy veg for human consumption (kg/sq m) 7.16E-01 

FALLOUT INTERCEPTION FRACTIONS 
Vegetables 
Pasture 

GRAZING PARAMETERS 
' Fraction of year animals graze on pasture 

when animal grazes on pasture 
Fraction of daily feed that is pasture grass 

2 . 00E-01 
5.70E-01 

4.00E-01 

4.30E-01 
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VALUES FOR RADIONUCLIDE-INDEPENDENT PARAMETERS 0 
GENERAL 
Page 6 

ANIMAL FEED CONSUMPTION FACTORS 
Contaminated feed/forage (kg/day, dry weight) 

DAIRY PRODUCTIVITY 
Milk production of cow (L/day) 

MEAT ANIMAL SLAUGHTER PARAMETERS 
Muscle mass of animal at slaughter (kg) 
Fraction of herd slaughtered (per day) 

DECONTAMINATION 
Fraction of radioactivity retained after washing 

for leafy vegetables and produce 

FRACTIONS GROWN IN GARDEN OF INTEREST 
Produce ingested 
Leafy vegetables ingested 

INGESTION RATIOS: 
IMMEDIATE SURROUNDING AREA/TOTAL WITHIN AREA 

Vegetables 
Meat 
Milk 

MINIMUM INGESTION FRACTIONS FROM OUTSIDE AREA 
(Minimum fractions of food types from outside 
area listed below are actual fixed values.) 

Vegetables 
Meat 
Milk 

HUMAN FOOD UTILIZATION FACTORS 
Produce ingestion (kg/y) 
Milk ingestion (L/y) 
Meat ingestion (kg/y) 
Leafy vegetable ingestion (kg/y) 

SWIMMING PARAMETERS 
Fraction of t h e  spent swimming 
Dilution factor for water (cm) 

1.56E+O 1 

1 . 10E+01 

2 . 00E+02 
3 81E-03 

5 00e-0 1 

1 00E+00 
1 00E+00 

0 OOE+00 
0 OOE+00 
0 00E+00 

1 00E+00 
1 00E+00 
1 00E+00 

1 76E+02 
1 12E+02 
8*50E+O 1 
1.80E+01 

0 00E+00 
1.00E+00 
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Version 1.00 

Clean Air Act Assessment Package - 1988 

= Q 54.47- 

D O S E  A N D  R I S K  E Q U I V A L E N T  S U M M A R I E S  

Non-Radon Individual Assessment 
Apr 1, 1994 4:04 pm 

Facility: FEMP 
Address: 7400 Willey Road 

City: Fernald 
State: OH Zip: 45239 

Source Category: Safe Shutdown Integrated Nine Plants 
Source Type: Stack 

Emission Year: 94 

Comments: On Site Workers at 112, 223, 316, 447, and 500 
Meters 

Dataset Name: SHUTD-ON-SITE 
Dataset Date: Apr 1, 1994 4:03 pm 

Wind File: WNDFILES\FMP8792.WND 

000406 



Apr 1, 1994 4:04 pm SUMMARY 
Page 1 

ORGAN DOSE EQUIVALENT SUMMARY 

Organ 

Selected 
Individual 
(=em/Y ) 

GONADS 
BREAST 
R M A R  
LUNGS 
THYROID 
ENDOST 
RMNDR 

6 . 7 1E-03 
8.903-04 
4 353-02 
9 7 6E-0 1 
7.88E-04 
5.35E-01 
2 37E-02 

EFFEC 1.47E-0 1 

PATHWAY EFFECTIVE DOSE EQUIVALENT SUMMARY 

Pathway 

Selected 
Individual 
(=em/y 1 

INGESTION 0 . 00E+00 
INHALATION 1.47E-01 
AIR IMMERSION 8.10E-09 
GROUND SURFACE 1.293-04 
INTERNAL 1.4 7E-0 1 
EXTERNAL 1.29E-04 

TOTAL 1 47E-0 1 

.:. , . . OQQ407 
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+ f' . :  
Apr 1, 1994 4':04- pm 

NUCLIDE EFFECTIVE DOSE EQUIVALENT SUMMARY 

Nuclide 

Selected 
Individual 
(=em/y 1 

U-238 
TH-234 
PA- 2 3 4M 
U-234 
TH-230 
RA-226 
PO-218 
PB-2 14 
BI-214 
PO-214 
U-236 
U-235 
TH-2 3 1 
TC-99 
TH-232 
RA-228 
AC-228 
TH-228 
RA-224 
PO-216 
PB-212 
BI-212 
PO-2 12 
TL-208 
U-233 
PU-239 
NP-237 
PA-233 
PU-238 
CS-137 
BA-137M 
SR-90 
Y-90 

3.253-02 
1.463-05 
8.473-10 
3.65E-02 
9 . 10E-04 
7.543-05 
2.833-11 
1.523-09 
1.423-09 
O.OOE+OO 
3.88E-03 
3.643-03 
2.973-08 
4.863-07 
2 . 043-04 
4.123-05 
2.263-08 
1.553-04 
3.183-06 
0.003+00 
1.843-07 
4.713-08 
0.00E+00 
3.583-10 
1.913-02 
5.013-02 
1.4 6E-04 
9.943-09 
9.203-05 
3.013-08 
6.473-06 
1.503-06 
1.173-08 

TOTAL ' 1.473-01 

SUMMARY 
Page 2 
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Cancer 

LEUKEMIA 
BONE 
THYROID 
BREAST 
LUNG 
STOMACH 
BOWEL 
LIVER 
PANCREAS 
URINARY 
OTHER 

CANCER RISK SUMMARY 

TOTAL 

. Pathway 

Selected Individual 
Total Lif e t h e  

Fatal Cancer Risk 

3.5 1E-08 
2.223-08 
1.27E-10 
1.343-09 
1.573-06 
6.60E-10 
4.953-10 
7.08E-08 
4.563-10 
8.28E-10 
5.573-10 

PATHWAY RISK SUMMARY 

TOTAL 

1 . 7 OE-06 

INGESTION 
INHALATION 
AIR IMMERSION 
GROUND SURFACE 
INTERNAL 
EXTERNAL 

Selected Individual 
Total Lif e t h e  

Fatal Cancer Risk 

O.OOE+OO 
1.69E-06 
1.873-13 
2.973-09 
1.693-06 
2.973-09 

1.70E-06 



Nuclide 

NUCLIDE RISK SUMMARY 

Selected Individual 
Total Lifetime 

F a t a l  Cancer Risk 
~ 

U-238 
TH-234 
PA-234M 
U-234 
TH-230 
RA-226 
PO-218 
PB-214 
BI-214 
PO-214 
U-236 
U-235 
TH-2 3 1 
TC-99 
TH-232 
RA-228 
AC-228 
TH-228 
RA-224 
PO-216 
PB-212 
BI-2 12 
PO-212 
TL-208 
U-233 
PU-239 
NP-237 
PA-233 
PU-238 
CS-137 
BA- 1 3 7M 
SR-90 
Y-90 

4 . 353-07 
6 . 2 1E-10 
1.61E-14 
4 . 853-07 
7 . 09E-09 
9.823-10 
7.403-15 
1.02E-13 
8.853-14 
O.OOE+OO 
5.17E-08 
4.973-08 
8.663-13 
3.04E-11 
1.12E-09 
3.833-10 
4.403-13 
3.063-09 
5.14E-11 
O.OOE+OO 
2.393-12 
2.67E-13 
O.OOE+OO 
8.743-15 
2.543-07 
4 . 07E-07 
1.18E-09 
3.843-13 

7.963-13 
lO55E-10 
4 . 77E-11 
4 12E-13 

8 llE-10 

- . .  54.4'0" 
SUMMARY 
Page 4 

TOTAL 1 . 70E-06 
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SUMMARY 
Page 5 

INDIVIDUAL EFFECTIVE DOSE EQUIVALENT RATE (mrem/y) 
(All Radionuclides and Pathways) 

Distance (m) 

Direction 112 223 316 447 500 

N 
NNW 
Nw 
WNW 

W 
wsw 
sw 
ssw 

S 
SSE 
SE 

ESE 
E 

ENE 
NE 

NNE 

3.2E-02 
1.8E-02 
1.5E-02 
2 . 3E-02 
3.9E-02 
6.4E-02 
4.4E-02 
2.5E-02 
2 . 1E-02 
3.OE-02 
3.7E-02 
4.1E-02 
6.3E-02 
7.9E-02 
8 . 7E-02 
6.7E-02 

4.9E-02 
3.2E-02 
2.7E-02 
3.4E-02 
5.4E-02 
9.4E-02 
6.5E-02 
4.7E-02 
4.1E-02 
5.1E-02 
6.OE-02 
6.9E-02 
9.4E-02 
l.1E-01 
1.2E-01 
9.4E-02 

6.OE-02 
4.OE-02 
3.3E-02 
3.8E-02 
6.1E-02 
1.OE-01 
6.6E-02 
5.OE-02 
4 . 6E-02 
5.8E-02 
6.9E-02 
8.3E-02 
1.1E-01 
1 . 3E-01 
1.5E-01 
l.lE-01 

5 . 9E-02 
4.OE-02 
3.2E-02 
3 . 6E-02 
5.8E-02 
9.4E-02 
5 . 6E-02 
4 . 4E-02 
4.3E-02 
5.6E-02 
6 . 9E-02 
8.4E-02 
l.lE-01 
1.3E-01 
1.5E-01 
1.lE-01 

5.7E-02 
3 . 8E-02 
3 . 1E-02 
3.4E-02 
5.6E-02 
8 . 8E-02 
5.1E-02 
4.1E-02 
4.OE-02 
5 . 4E-02 
6 . 8E-02 
8.3E-02 
l.lE-01 
1.3E-01 
1 . 4E-0 1 
1.OE-01 

000431 
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INDIVIDUAL LIFETIME RISK (deaths) 
(All Radionuclides and Pathways) 

SUMMARY 
Page 6 

Distance (m) 
~~ 

Direction 112 223 316 447 . 500 

N 
NNW 
Nw 
WNW 

W 
wsw 
sw 

ssw 
S 

SSE 
SE 

ESE 
E 

ENE 

3.7E-07 
2.1E-07 
1.7E-07 
2 . 7E-07 
4 . 6E-07 
7.4E-07 
5.1E-07 
2.9E-07 
2.4E-07 
3.4E-07 
4.3E-07 
4.8E-07 
7.3E-07 
9.1E-07 
1 . OE-06 
7.7E-07 

5.7E-07 
3.7E-07 
3 . 1E-07 
3 . 9E-07 
6.3E-07 
1.1E-06 
7.4E-07 
5.4E-07 
4.7E-07 
5.9E-07 
6.9E-07 
8.OE-07 
1.1E-06 
1 . 2E-06 
1.4E-06 
1.1E-06 

6 . 9E-07 
4 . 6E-07 
3.8E-07 
4.4E-07 
7 . OE-07 
1.2E-06 
7.6E-07 
5 . 8E-07 
5 . 3E-07 
6.7E-07 
8.OE-07 
9.6E-07 
1.3E-06 
1 . 5E-06 
1 . 7E-06 
1.3E-06 

6 QE-07 
4 . 6E-07 
3 . 7E-07 
4.1E-07 
6.7E-07 
1.1E-06 
6 4E-07 
5 OE-07 
4.9E-07 
6 4E-07 
7.9E-07 
9 7E-07 
1.3E-06 
1 . 5E-06 
1 . 7E-06 
1.2E-06 

6 . 5E-07 
4.4E-07 
3 . 6E-07 
3.9E-07 
6 5E-07 
1 013-06 
5 . 9E-07 
4 713-07 
4.6E-07 
6-23-07 
7 . 8E-07 
9 . 6E-07 
1 2E-06 
1 . 5E-06 
1.6E-06 
1.2E-06 

000412 



CAP88-PC 

Version 1.00 

Clean Air Act Assessment Package - 1988 

SYNOPSIS REPORT 

Non-Radon Individual Assessment 

Oct. 22, 1993 2:48 pm 

Facility: FEMP 
Address: 7400 Willey Road 
City: Fernald 
State: OH 
Zip: 45239 

Effective Dose Equivalent 
(mredyear) 

At This Location: 
Source Category: 
Source Type: 
Emission Year: 

Comments: 

Dataset Name: 
Dataset Date: 
Wind File: 

1.23E-0 1 

805 Meters Northeast 
Safe' shutdown integrated nine plants 
Stack 
94 

Off-site residents at 915 m, 0,5, 1.5, 2.5, 3.5 and 4.5 miles. 

SHUT DOWN OFFSIT 
Oct. 22, 1993 2:47 pm 
WNDFILESWP8792.WND 

000413 



Gct 22, 1993 2:48 pm 
SYNOPSIS 

Page 1 , 

MAXIMALLY EXPOSED INDIVIDUAL 

Northeast 
Location Of The Individual: 805 Meters 

Lifetime Fatal Cancer R i s k :  1.333-06 

ORGAN DOSE EQUIVALENT SUMMARY 

Organ 

Dose 
Equivalent 

( mrem / y ) 

GONADS 
BREAST 
R M A R  
LUNGS 
THYROID 
ENDOST 
RMNDR 

6.33E-03 
1.13E-03 
4.94E-02 
7.18E-01 
1.25E-03 
6.31E-01 
3.493-02 

EFFEC 1.23E-01 

000414 



O c t  22, 1993 2:48 pm 
SYNOPSIS 

Page 2 

RADIONUCLIDE 

Nuc 1 ide 

U-238 
TH-234 
PA- 2 3 4M 
U-234 
TH-230 
RA-226 
PO-218 
PB-214 
BI-214 
PO-214 
U-236 
U-235 
TH-231 
TC-99 
TH-232 
RA-228 
AC-228 
TH-228 
RA-224 
PO-216 
PB-212 
BI-212 
PO-212 
TL-208 
U-233 
PU-239 
NP-237 
PA-233 
PU-238 
CS-137 
BA-137M 
SR-90 
Y-90 

Class 

Y 
Y 
Y 
Y 
Y 
Y 
W 
D 
W 
W 
Y 
Y 
Y 
W 
Y 
Y 
Y 
Y 
Y 
W 
D 
W 
W 
D 
Y 
Y 
Y 
Y 
Y 
D 
D 
Y 
Y 

Size 

Source 
#1 

Ci/y 

3.00 
3.00 
3.00 
3.00 
3.00 
3.00 
3.00 
3.00 
3.00 
3.00 
1-00 
1.00 
1.00 
1-00 
3.00 
3.00 
3.00 
3.00 
3.00 
3.00 
3.00 
3.00 
3.00 
3.00 
1-00 
1.00 
1.00 
1.00 
1.00 
1.00 
1.00 
1-00 
1.00 

EMISSIONS DURING THE YEAR 94 

TOTAL 
Ci/y 

2.6E-04 
2.6E-04 
2.6E-04 
2.6E-04 
3.1E-06 
5.1E-07 
5.1E-07 
5.m-07 
5.1E-07 
5.1E-07 
1.5E-05 
1.413-05 
1.4E-05 
2.8E-05 
5.OE-07 
2.3E-07 
2.3E-07 
5.6E-07 
5.6E-07 
S. 6E-07 
5.6E-07 
S.6E-07 
3.6E-07 
2.OE-07 
6.9E-05 
7.1E-05 
2.2E-07 
2.2E-07 
1.4E-07 
4.7E-07 
4.7E-07 
6.OE-07 
6.OE-07 

2.612-04 
2.6E-04 
2 6E-04 
2.6E-04 
3.1E-06 
5.1E-07 
5.1E-07 
5.1E-07 
5.1E-07 
5.1E-07 
1.5E-05 
1.4E-05 
1.4E-05 
2.8E-05 
5.OE-07 
2.3E-07 
2.3E-07 
5.6E-07 
5.6E-07 
5.6E-07 
5.6E-07 
S.6E-07 
3.6E-07 
2.OE-07 
6.9E-05 
7.1E-05 
2.2E-07 
2.2E-07 
1.4E-07 
4.7E-07 
4.7E-07 
6.OE-07 
6.OE-07 

SITE INFORMATION 

Temperature: 13 degrees C 
Precipitation: 102 cm/y 



Mixing Height: 1000 m 

000416 



Oct 22, 1993 2:48 pm 
SYNOPSIS 

Page 3 

SOURCE INFORMATION 

Source Number: 1 

Stack Height (m) : 19-00 
Diameter (m): 0.00 

Plume Rise 
Buoyant (cal/s) : O.OOE+OO 

(Heat Release Rate) 

AGRICULTURAL DATA 

Vege t ab1 e Milk 
Meat 

0 -  
Fraction Home Produced: 1.000 _. 1.000 

1.000 

0 . 0 0 0  

0 . 0 0 0  

0.000 0.000 

Fraction Imported: 0.000 0.000 

Fraction From Assessment Area: 

Food Arrays were not generated for th'is run. 
' Default Values used. 

I 

DISTANCES USED FOR MAXIMUM INDIVIDUAL ASSESSMENT 

915 805 2414 4023 5633 7242 
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Vers ion  1.00 

Clean A i r  Ac t  Assessment Package - 1988 

G E N E R A L  D A T A  

Non-Radon I n d i v i d u a l  Assessment 
Oct 22. 1993 2:48 pm 

F a c i l i t y :  FEMP 
Address :  7400 W i l l e y  Road 

C i t y :  Fe rna ld  
S t a t e :  OH Z i p :  45239 

Source  Category :  Safe .shutdown i n t e g r a t e d  n i n e  p l a n t s  
Source Type: Stack 

E m i s s i o n  Year: 94 

Comments: O f f - s i t e  r e s i d e n t s  a t  915 rn, 0.5. 1 . 5 .  2.5. 3.5 
and 4.5 m i l e s  

D a t a s e t  Name: SHUT DOWN OFFSIT 
D a t a s e t  Date: Oct 22 .  1993 2:47 pm 

Wind F i l e :  WNDFILES\FMP8792.WND 

000418 
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5 4.4% !E 
Oct 22 .  1993 2:48 pm 
GENERAL 

1 

VALUES FOR RADIONUCLIDE-DEPENDENT PARAMETERS 

D f Y  
P a r t i  c l  e Scavenging Deposi t i  on 

C 1  earance Size C o e f f  i c i  e n t  V e l o c i t y  
Nucl i de C 1  ass ( m i  crons 1 (per  second) ( m / s )  

U - 238 
TH - 234 
PA-234M 
U - 234 

Y 
Y 
Y 
Y 
Y 
Y 
W 
D 
W 
W 
Y 
Y 
Y 
W 
Y 
Y 
Y 
Y 
Y 
W 
D 
W 
W 
D 
Y 
Y 
Y 
Y 
Y 

3.0 
3.0 
3.0 

1.02E-05 
1.02E -05  

1.80E-03 
1.80E-03 

1.02E-05 
1.02E -05 
1.02E-05 
1.02E-05 
1.02E-05 
1.02E - 0 5  
1.02E -05  
1.02E-05 
1.02E-05 
1.02E-05 
1.02E-05 

1.80E-03 
3 .O 
3.0 
3.0 
3.0 
3.0 

1.80E-03 
1.80E-03 
1.80E-03 
1.80E-03 
1.80E-03 
1.80E-03 
1.80E-03 
1.80E-03 
1.80E-03 

TH - 230 
RA-226 
PO-218 
PB-214 
B I - 2 1 4  
P O - 2 1 4  
U - 236 
U-235 
TH-231 
TC - 99 
TH-232 

3.0 
3.0 
1 .o 
1 .o 
1 .o 
1 .o 
3 .O 
3.0 
3.9 
3.0 
3.0 
3.0 
3.0 
3.0 
3.0 

1.80E-03 
1.02E-05 
1.02E-05 
1.02E-05 
1.02E-05 
1.02E-05 

1.80E-03 
1.80E-03 
1.80E-03 
1.80E-03 

RA-228 
AC - 228 
TH-228 
R A - 2 2 4  

1.80E-03 
1.80E-03 
1.80E-03 
1.80E-03 
1.80E-03 

1.02E -05  
1.02E-05 
1.02E-05 
1.02E -05  

P O - 2 1 6  
P B - 2 1 2  
61-212 
P O - 2 1 2  
TL - 208 

1.02E-05 1.80E-03 
1.80E-03 
1.80E-03 
1.80E-03 

3.0 
1 .o 
1 .o 
1.0 
1.0 

1.02E -05  
1.02E-05 
1.02E -05  

U - 233 
PU-239 
NP-237 
PA-233 
PU - 238 

1.02E-05 1.80E-03 
1.02E-05 
1.02E-05 
1.02E-05 
1.02E-05 

1.80E-03 
1.80E-03 
1.80E-03 
1.80E-03 

1.0 
1 .o 
1 .o 
1 .o 
1 .o 

CS - 137 
B A -  137M 
SR-90 
Y -90 

D 
D 
Y 1.02E -05 

1.02E -05  
1.80E-03 
1.80E-03 Y 



0- 54.4f '  

Oct 22, 1993 2:48 pm 0 GENERAL 2 

VALUES FOR RADIONUCLIDE-DEPENDENT PARAMETERS 

Page 

DECAY CONSTANT ( P E R  D A Y )  
TRANSFER COEFFICIENT 

Radi o - 
Nucl i de a c t i v e  (1) S u r f  ace Water M i l k  ( 2 )  Meat  ( 3 )  

U - 238 
TH - 234 
P A  - 234M 
U-234 
TH - 230 
RA-226 
PO-218 
PB-214 
61-214 
PO-214 
U-236 
U-235 
TH-231 
TC - 99 
TH-232 
RA-228 
AC - 228 
TH-228 
RA-  224 
PO-216 
PB - 212 
BI -212  
PO-212 
TL- 208 
U - 233 
PU-239 
NP-237 
P A -  233 
PU-238 
C S  - 137 
B A -  137M 
SR-90 
Y -90 

O.OOE+OO 
2.88E -02  
8.53E+02 

O.OOE+OO 
O.OOE+OO 

O.OOE+OO 

3.27E+02 
3.72E+01 
5.02E+01 
3.66E+08 

O.OOE+OO 

O.OOE+OO 

2.7 1 E+OO 

4.10E+05 
1.56E+00 
1.65E+01 

3.27E+02 
O.OOE+OO 

O.OOE+OO 

6.52E-01 
O.OOE+OO 

O.ODE+OO 

O.OOE+OO 
1.91E-01 

2.01E+11 

O.OOE+OO 
O.OOE+OO 
2.57E - 0 2  
O.OOE+OO 

3.91E+02 
O.OOE+OO 
2.60E - 0 1  

O.OOE+OO 

5.48E-05 
5.48E - 05 
5.48E -05 
5.48E-05 
5.48E-05 
5.48E -05 
5.48E-05 
5.48E -05 
5.48E -05 
5.48E-05 
5.48E -05 
5.48E-05 
5.48E-05 
5.48E-05 
5.48E-05 
5.48E-05 
5.48E -05  
5.48E-05 
5.48E-05 
5.48E-05 
5.48E-05 
5.48E-05 
5.48E-05 
5.48E-05 
5.48E-05 
5.48E-05 
5.48E-05 
5.48E -05 
5.486-05 
5.48E-05 
5.48E-05 
5.48E -05 
5.48E-05 

6. O O E  -04  
5. O O E  -06 
5.00E-06 
6.00E-04 
5.00E-06 
4.50E -04 
3.50E-04 
2.50E - 04 
5. O O E  -04  
3.50E-04 
6 .  O O E  -04  
6. OOE -04  
5.00E-06 
1. O O E  - 0 2  
5 .OOE -06 
4.50E-04 
2.00E-05 
5. OOE -06 
4.50E-04 
3.50E-04 
2.50E-04 
5..OOE-04 
3.50E-04 
2. O O E  -03 
6.00E-04 
1.00E-07 
5.00E-06 
5.00E-06 
1.00E-07 
7.00E-03 
3.50E-04 
1.50E-03 
2.00E-05 

2.00E-04 
6. OOE -06 
1.00E-05 
2. OOE -04 
6.00E-06 
2.50E-04 
9.50E-05 
3. OOE -04 
4.00E-04 
9.50E-05 
2.00E-04 
2.00E-04 
6.00E-06 
8.50E-03 
6.00E-06 
2.50E-04 
2.50E-05 
6.00E-06 
2.50E -04 
9.50E-05 
3. OOE -04 
4.00E-04 
9.50E-05 
4. OOE -02 
2. OOE -04 
5.00E-07 
5.50E-05 
1.00E-05 
5.00E-07 . 
2.00E-02 
1.50E-04 
3.00E-04 
3. OOE -04 

FOOTNOTES: (1) E f f e c t i v e  r a d i o a c t i v e  decay c o n s t a n t  i n  plume: 
s e t  t o  z e r o  i f  l e s s  t h a n  1.OE-2 

( 2 )  F r a c t i o n  o f  a n i m a l ' s  d a i l y  i n t a k e  o f  n u c l i d e  
wh ich  appears  i n  each L of m i l k  ( d a y s / L )  

( 3 )  F r a c t i o n  o f  a n i m a l ' s  d a i l y  i n t a k e  o f  n u c l i d e  
wh ich  appears i n  each kg of meat ( d a y s / k g )  

I' ,.', 
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VALUES FOR RADIONUCLIDE-DEPENDENT PARAMETERS 

- 
CONCENTRATION 
UPTAKE FACTOR GI UPTAKE FRACTION 

Nucl i de Forage (1) E d i b l e  ( 2 )  I n h a l  a t i  on I n g e s t i o n  

U - 238 
TH - 234 
PA-234M 
U-234 
TH - 230 
RA-226 
PO-218 
PB-214 
B I - 2 1 4  
PO-214 
U-236 
U - 235 
TH-231 
TC-99 
TH-232 
RA-228 
AC - 228 
TH-228 
RA-224 
PO-216 

. PB-212 
B I  -212 
PO-212 
TL-208 
U - 233 
PU-239 
NP - 237 
P A -  233 
PU - 238 
C S  - 137 
BA- 137M 

.SR-90 
Y -90 

FOOTNOTES: 

e d i b l e  

8.50E-03 1.71E-03 2. OOE -03 2.00E-01 
8.50E -04 3.64E-05 
2.50E-03 1.07E -04  
8.50E-03 1.71E-03 

1.71E-04 
3.85E-03 

,2.14E -03 
1.7 1E-04 
1.71E-03 
1.71E-03 
3.64E-05 
6.42E-01 
3.64E -05 
6.42E-04 
1.50E-04 
3.64E - 05 
6.42E-04 
1.71E-04 

2 I 00E-04 2.00E-04 
1.00E-03 1.00E-03 
2. OOE -03 2.00E-01 
2.00E-04 2.00E-04 8.50E-04 3.64E-05 

1 SOE-02 6.42E - 04 2. OOE - 0 1  2.00E-01 
2.50E -03 1.00E-01 1.00E-01 
4.50E-02 2.00E-01 2.00E-01 
3.50E-02 5. O O E  - 0 2  5.00E-02 
2.50E-03 1.00E-01 1.00E-01 
8.50E-03 2. OOE -03 2.00E-01 
8.50E-03 2.00E-03 2.00E-01 
8.50E - 04 2. OOE -04 2. OOE -04 
9.50E+00 8. OOE - 0 1  8.00E-01 
8.50E-04 2.00E-04 2.00E-04 
1.50E-02 2 .OOE - 0 1  2.00E-01 
3.50E-03 1. O O E  -03 1.00E-03 
8.50E - 04 2 .OOE -04  2. OOE -04 
1.50E-02 2.00E-01 2.00E-01 
2.50E-03 1.00E-01 1.00E-01 
4.50E-02 3.85E-03 2. OOE - 0 1  2.00E-01 
3.50E-02 2.14E -03 5.00E-02 5.00E-02 
2.50E-03 1.71E-04 1.00E-01 1.00E-01 
4.00E-05 1.71E-04 9.50E-01 9.50E-01 
8.50E-03 1.71E-03 2.00E-03 2. O O E  - 0 1  
4.50E -04 1.93E-05 1. OOE -04 1.00E-03 
1.00E-01 4.28E-03 
2.50E -03 1.07E -04 
4.50E-04 ’ 1.93E-05 
8.00E-02 1.28E-02 
1.50E-01 6.42E-03 
2.50E+00 1.07E-01 
1.50E-02 2.57E-03 

1.00E-03 1.00E-03 
1.00E-03 1.00E-03 
1.00E-03 1.00E-03 
9.50E-01 9.50E-01 
1.00E-01 1.00E-01 
1.00E-02 3.00E-01 
1.00E-04 1.00E-04 

(1) C o n c e n t r a t i o n  f a c t o r  f o r  uptake o f  n u c l i d e  f r o m  s o i l  f o r  
p a s t u r e  and f o r a g e  ( i n  p C i / k g  d r y  w e i g h t  p e r  p C i / k g  d r y  s o i l )  

( 2 )  C o n c e n t r a t i o n  f a c t o r  f o r  uptake o f  n u c l i d e  f r o m  s o i l  by 

p a r t s  of  c rops  ( i n  p C i / k g  wet w e i g h t  p e r  p C i / k g  d r y  s o i l )  
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DECAY C H A I N  INGROWTH FACTORS 

- 
Nucl i de P a r e n t ( s 1  Ing rowth  F a c t o r ( s 1  

, 
- 

BA- 137M CS - 137 3.209E+06 

.. . 
:f 
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Oct 22 .  1993 2:48  pm 
GENERAL 

5 Page a 
VALUES FOR R A D I O N U C L I D E - I N D E P E N D E N T  PARAMETERS , 

HUMAN INHALATION RATE 
Cubic c e n t i m e t e r s l h r  9.17E+05 

SOIL PARAMETERS 
E f f e c t i v e  sur face d e n s i t y  ( k g l s q  m. d r y  w e i g h t )  

(Assumes 1 5  cm p low l a y e r )  2.15E+02 

BUILDUP T I M E S  
Fo r  a c t i v i t y  i n  s o i l  ( y e a r s )  1.00E+02 
For r a d i o n u c l i d e s  d e p o s i t e d  on ground/water  ( d a y s )  3.65E+04 

DELAY T I M E S  
I n g e s t i o n  o f  p a s t u r e  grass by animals  ( h r )  O.OOE+OO 
I n g e s t i o n  o f  s t o r e d  f e e d  by animals  ( h r )  2.16E+03 
I n g e s t i o n  o f  l e a f y  vege tab les  by man ( h r )  3.36E+02 
I n g e s t i o n  o f  produce by man ( h r )  3.36E+02 
T r a n s p o r t  t i m e  f r o m  animal f eed -m i l k -man  (day )  2.00E+00 
Time f r o m  s l a u g h t e r  t o  consumption (day)  2.00E+01 

WEATHERING 
Removal r a t e  c o n s t a n t  f o r  p h y s i c a l  loss ( p e r  h r )  2.90E -03 

CROP EXPOSURE D U R A T I O N  
Pasture grass ( h r )  
C rops / l ea fy  vegetables ( h r )  

AGRICULTURAL P R O D U C T I V I T Y  
Grass-cow-mi lk-man pathway ( k g l s q  m )  
P r o d u c e l l e a f y  veg f o r  human consumption ( k g l s q  m)  

FALLOUT INTERCEPTION FRACTIONS 
Vegetables 
Pas tu re  

G R A Z I N G  PARAMETERS 
F r a c t i o n  o f  yea r  an imals  graze on p a s t u r e  
F r a c t i o n  o f  d a i l y  f eed  t h a t  i s  p a s t u r e  grass 

when animal grazes on p a s t u r e  

2.80E-01 
7.16E-01 

2.00E-01 
5.70E-01 

4.00E-01 

4.30E-01 

. .  000423 
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VALUES FOR RADIONUCLIDE-INDEPENDENT PARAMETERS 

Page 

ANIMAL FEED CONSUMPTION FACTORS 
Contaminated  f e e d / f o r a g e  ( k g / d a y ,  d r y  w e i g h t )  1.56E+01 

D A I R Y  PRODUCTIVITY 
M i l k  p r o d u c t i o n  o f  cow ( L / d a y )  

MEAT ANIMA-L SLAUGHTER PARAMETERS 
Musc le  mass o f  animal a t  s l a u g h t e r  ( k g )  
F r a c t i o n  of h e r d  s l a u g h t e r e d  ( p e r  day)  

l . l O E + O l  

2.00E+02 
3.81E-03 

DECONTAMINATION 
F r a c t i o n  o f  r a d i o a c t i v i t y  r e t a i n e d  a f t e r  washing 

f o r  l e a f y  vege tab les  and p roduce  5 .00E-01 

FRACTIONS GROWN I N  GARDEN OF INTEREST 
Produce i n g e s t e d  
Leafy vege tab les  i n g e s t e d  

INGESTION RATIOS: 
IMMEDIATE S U R R O U N D I N G  AREA/TOTAL WITHIN AREA 

Vegetab les  
Meat 
M i l k  

M I N I M U M  INGESTION FRACTIONS FROM OUTSIDE AREA 
(Minimum f r a c t i o n s  o f  f o o d  t y p e s  from o u t s i d e  
a r e a  l i s t e d  below a r e  a c t u a l  f i x e d  v a l u e s . )  

Vegetab les  
Meat 
M i l k  

HUMAN FOOD UTILIZATION FACTORS 
Produce i n g e s t i o n  ( k g / y )  
M i l k  i n g e s t i o n  ( L / y )  
Meat i n g e s t i o n  ( k g / y )  
L e a f y  vege tab le  i n g e s t i o n  ( k g l y )  

S W I M M I N G  PARAMETERS 
F r a c t i o n  o f  t i m e  spen t  swimming 
D i l u t i o n  f a c t o r  f o r  w a t e r  ( cm)  

l f O O E + O O  
l .OOE+OO 
l . O O E + O O  
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V e r s i o n  1.00 

Clean A i r  Ac t  Assessment Package - 1988 

D O S E  A N D  R I S K  E Q U I V A L E N T  S U M M A R I E S  

Non-Radon I n d i v i d u a l  Assessment 
Oct 22. 1993 2:48 pm 

F a c i  1 i t y  : FEMP 
Address: 7400 W i l l e y  Road 

C i  t y  : Ferna l  d 
S t a t e :  O H '  Z i p :  45239 

Source  Category :  Safe shutdown i n t e g r a t e d  n i n e  p l a n t s  
Source Type: S tack  

Emiss ion  Year: 94 

Comments: O f f - s i t e  r e s i d e n t s  a t  915 m. 0.5.  1.5, 2.5. 3.5 
and 4.5 m i l e s  

D a t a s e t  Name: SHUT DOWN OFFSIT 
D a t a s e t  Date: Oct 22. 1993 2:47 pm 

Wind F i l e :  WNDFILES\FMP8792.WND ~ 
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Oct 22. 1993 2:48 prn 

ORGAN DOSE EQUIVALENT SUMMARY 

Organ 

Se lec ted  
I n d i  v i  dua l  

(rnrern/y 1 

GONADS 
BREAST 
R MAR 
LUNGS 
THYROID 
ENDOST 
RMNDR 

6.33E-03 
i . i 3 ~ - 0 3  
4.94E -02  
7.18E-01 
1.25E-03 
6.31E-01 
3.49E-02 

EFFEC 1.23E - 0 1  

PATHWAY EFFECTIVE DOSE EQUIVALENT SUMMARY 

Pathway 

Se lec ted  
I n d i v i d u a l  

(mrern/y 1 

INGESTION 1.50E-02 
INHALATION 1 I08E-01 
A I R  I M M E R S I O N  5.38E-09 
GROUND SURFACE 8.82E-05 
INTERNAL 1.23E-01 
EXTERNAL 8.82E-05 

TOTAL 1.23E-01 

000426 
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Oct  2 2 .  1993 2:48 pm 

N U C L I D E  E F F E C T I V E  DOSE EQUIVALENT SUMMARY 

Nucl  i de 
Selected 

I n d i v i d u a l  
(rnrern/y 1 

U-238 
TH - 234 
PA - 234M 
U-234 
TH - 230 
RA-226 
PO-218 
PB-214 
B I - 2 1 4  
PO-214 
U-236 
U-235 
~ ~ - 2 3 1  
TC-99 
TH- 232 
RA-228 
AC - 228 
TH - 228 
RA-224 
PO-216 
PB-212 
B I - 2 1 2  
PO-212 
TL - 208 
U - 233- 
PU-239 
NP-237 
PA- 233 
PU-238 
C S  - 137 
B A -  137M 
SR-90 
Y -90  

TOTAL , 

2.80E -02 
3.54E-05 
2.11E-10 
3.14E-02 
6.92E-04 
6.61E-05 
9.13E- 12 
9.67E- 10 
8.61E-10 
.O .00E+00 
3.10E-03 
2.91E -03  
2.17E-08 
4.68E -05  
1.54E-04 
3.28E-05 
1.65E-08 
1.16E-04 
2.40E-06 
O.OOE+OO 

O.OOE+OO 

1.34E-07 
3.25E-08 

1.15E - 10 
1.52E-02 

1.22E-04 
1.30E-08 

4.13E-02 

7.54E-05 
1.32E-06 
4.42E -06 
5.64E-06 
9.10E-09 

1.23E-01 

b’ 54-41 

SUMMARY 
Page 2 
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Cancer 

C A N C E R  R I S K  SUMMARY 

LEUKEMIA 
BONE 
THYROID 
BREAST 
LUNG 
STOMACH 
BOWEL ~ 

L I V E R  
PANCREAS 
U R I N A R Y  
OTHER 

TOTAL 

S e l e c t e d  I n d i  v i  dua l  
T o t a l  L i f e t i m e  

F a t a l  Cancer R i s k  

4 . 3 3 ~  -08 
2 . a z ~  -08 
2.56E-10 
1.61E-09 
1.15E-06 
2.39E-09 
1.61E-09 
6 . 4 4 ~  -08 
7.44E-10 

9.10E- 10 
3. O ~ E - O ~  

1.33E-06 

PATHWAY R I S K  SUMMARY 

Pathway 

S e l e c t e d  I n d i v i d u a l  
T o t a l  L i f e t i m e  

f a t a l  Cancer R i s k  

INGESTION 
I NHALAT I ON 
A I R  I M M E R S I O N  
GROUND SURFACE 
INTERNAL 
EXTERNAL 

TOTAL 

7 . 7 9 ~ - o a  
1.25E-06 
1.24E- 13 
2.03E-09 
1.32E-06 
2.03E-09 

1.33E-06 
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Oct  22. 1993 2:48 pm 

NUCLIDE R I S K  SUMMARY 

Nucl i de 

S e l e c t e d  I n d i v i d u a l  
T o t a l  L i f e t i m e  

F a t a l  Cancer R i s k  

U-238 
TH - 234 
PA-234M 

3.42E-07 
7.36E-10 
4.00E-15 

U - 234 ' 3.80E-07 
TH - 230 
RA-226 
PO-218 
PB-214 
B I -214  
PO-214 
U - 236 
U-235 
TH-231 
TC-99 
TH - 232 
RA-228 
AC-228 
TH-228 
RA-224 
PO-216 
PB-212 
B I  -212 
PO-212 
TL-208 
U-233 
PU - 239 
NP-237 
PA-233 
PU - 238 
C S  - 137 
BA-137M 
SR-90 
Y -90 

TOTAL 

5.29E-09 
7.76E-10 
2.39E - 1 5  
6.50E-14 
5.38E- 14 
O.OOE+OO 
3.93E-08 
3.77E-08 
6.32E- 13 
1.71E-09 
8.37E- 10 
3 .  O O E -  io 
3.20E-13 
2.26E-09 
3.82E-11 
O.OOE+OO 
1.73E-12 
1.84E-13 
O.OOE+OO 
2.82E-15 
1.93E-07 
3.20E-07 
9.41E-10 
3.42E- 13 
6.35E- 10 
3.46E- 11 
1.06E-10 
1 . l l E - 1 0  
3.09E-13 

1.33E-06 

SUMMARY 
Page 4 
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Oct 22. 1993 2:48 pm 

INDIVIDUAL EFFECTIVE DOSE EQUIVALENT RATE (mrem/y) 
(A1 1 Radi  onucl ides  a n d  Pathways 1 

SUMMARY Page 5 a 
Oistance ( m )  

Di r e c t i  on 915 80 5 2414 4023 5633 7242 

N 4 .2E-02  4.7E-02 1 .2E-02 5.7E-03 3 .5E-03 2.3E-03 
NNW 2.9E-02 3.2E-02 8 .2E-03 3.8E-03 2.3E-03 1.5E-03 

NW 2 .5E-02 2.8E-02 7 .5E-03 3.5E-03 2.1E-03 1 .4E-03 
W N W  2 .9E-02 3 .2E-02 9.2E-03 4 .3E-03 2.6E-03 1 .7E-03 

W 4 .7E-02 5.2E-02 1 .5E-02 6 .8E-03 4 .1E-03 2.7E-03 
wsw 6.OE-02 6.8E-02 1.6E-02 7.6E-03 4 .6E-03  3 . l E - 0 3  

sw 3 .3E-02 3.8E-02 8 .7E-03 4.OE-03 2.4E-03 1 .6E-03 
ssw 

S 
S S E  

S E  

2 .8E-02 3.1E-02 7 .8E-03 3 .6E-03 2.2E-03 1.5E-03 
2 .9E-02 3.2E-02 8 .1E-03  3 .8E-03 2.3E-03 1.5E-03 
4 .5E-02 4.9E-02 1 .4E-02  6.6E-03 4.OE-03 2 .6E-03 
6 .8E-02 7 .2E-02 2.3E-02 l . l E - 0 2  6.7E-03 4 .4E-03 

ESE 8 .4E-02  9.OE-02 2.9E-02 1.4E-02 '  8 .4E-03 5.5E-03 
E 9 .9E-02 l . l E - 0 1  3 .2E-02 1.5E-02 9 .3E-03  6IZE-03 

ENE l . l E - 0 1  1 .2E-01  3 .5E-02 1.6E-02 9 .9E-03 6.6E-03 
N E  l . l E - 0 1  1 .2E-01 3.3E-02 1.5E-02 9.3E-03 6 .3E-03 

NNE 7 .6E-02 8.5E-02 2.2E-02 1.OE-02 6 .3E-03 4.2E-03 



Oct.22. 1993 2:48 pm SUMMARY 
Page 6 

INDIVIDUAL LIFETIME R I S K  (deaths)  
( A I  1 Radi  onucl ides  a n d  Pathways) 

Distance ( m )  
~~ 

D i  r e c t i  on 915 80 5 2414 4023 5633 7242 

N 
NNW 

NW 
WNW 

W 
wsw 

sw 
ssw 

S 
SSE 

SE 
ESE 

E 
ENE 

NE 
NNE 

4.5E-07 5.1E-07 
3.1E-07 3.5E-07 
2.7E-07 
3.1E -07 
5.OE-07 
6.4E-07 
3.5E-07 
3 .OE-07 
3.1E-07 
4.8E-07 
7.3E-07 
9.1E-07 
1.1E-06 
1.2E-06 
1.2E-06 
8.1E-07 

3.OE-07 
3 .4E-07 
5.5E-07 
7.3E-07 
4.OE-07 
3.4E-07 
3.5E-07 
5.3E-07 
7.7E-07 
9 .6E-07 
1 .1E-06 
1 .3E-06 
1 .3E-06 
9 .2E-07 

1.3E-07 
8 .8E-08 
8.OE-08 
9.8E-08 
1.6E-07 
1.8E-07 
9 .3E-08 
8.3E -08 
8.7E-08 
1 .5E-07 
2.5E-07 
3 .1E-07 
3.5E-07 
3.7E-07 
3.5E-07 
2.3E-07 

6.1E-08 
4 .1E-08 
3.7E-08 
4 .6E-08 

8.1E-08 
4.3E-08 
3.8E-08 

7 . 3 ~ - 0 8  

~ . o E - o ~  
7 . O E - O ~  
1.2E-07 
1.5E-07 
1.6E-07 
1.7E-07 
1.6E-07 
1.1E-07 

3 . 7 ~ - 0 8  

4 . 4 ~ - 0 8  

2.5E - 0 8  
2.2E -08 
2.8E-08 

4 . 9 ~ - 0 8  

z . ~ E - o ~  
4 . 2 ~ - 0 8  

2.6E-08 
2.3E-08 

7.1E-08 
8.9E-08 
9 .9E-08 
1.1E-07 
9.9E-08 
6.7E-08 

2.5E-08 
1 .6E-08 
1.5E-08 
1.8E-08 
2.9E-08 
3 .3E-08 
i . 7 ~ - 0 8  

I A E - O ~  
1 .6E-08 

2.8E-08 . 
4 .7E-08  
5 .9E-08 

7 .OE-08 
6 .7E-08  
4 .5E-08 

6 . 6 ~ - 0 8  
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Version 1.00 

Clean Air Act Assessment Package - 1988 

S Y N O P S I S  R E P O R T  

Non-Radon Individual Assessment 
Apr 3, 1994 6:25 pm 

Facility: FEMP 
Address: 7400 Willey Road 

City : Fernald 
State: OH Zip: 45239 

Effective Dose Equivalent 
(mendyear) 

1.19E-03 

At This Location: 213 Meters Northeast 
Source Category: Parsons Central Storage Facility Per Yr 

Source Type: Stack 
Emission Year: 94 

Comments: On-site Worker @ 213, 246, 420, 429, 446, 561, 646 
, 662, 743, 837, 846, and 911 Meters 

Dataset Name: PRSNCSFONSITWKR 
Dataset Date: Apr 3, 1994 6:25 pm 

Wind File: WNDFILES\FMP8792.WND 

000432 
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SYNOPSIS 
Page 1 

" L  i ' - 

MAXIMALLY EXPOSED INDIVIDUAL 

Location Of The Individual: 213  Meters Northeast 
Lifetime Fatal Cancer Risk: 1 .323-08  

ORGAN DOSE EQUIVALENT SUMMARY 

Organ 

Dose 
Equivalent 
(=em/Y) 

GONADS 
BREAST 
R M A R  
LUNGS 
THYROID 
ENDOST 
RMNDR 

7 . 4 4 3 - 0 6  
7.12E-06 
4.98E-04 
7 .80E-03 
6 . 4 0 3 - 0 6  
6 . 1 7 3 - 0 3  
1 . 5 2 3 - 0 5  

EFFEC 1 .19E-03 

000433 



Apr 3, 1994 

a 
Nuclide 

U-238 
TH-234 
PA-234M 
U-234 
TH-230 
RA-226 
PO-218 
PB-214 
BI-214 
PO-214 
U-235 
TH-231 
TC-99 
TH-232 
RA-228 
AC-228 

BI-2 12 
PO-212 
TL-208 
PU-239 
NP-237 
PA-233 
PU-238 
CS-137 
BA- 1 3 7M 
SR-90 
Y-90 

Class 

Y 
Y 
Y 
Y 
Y 
Y 
W 
D 
W 
W 
Y 
Y 
W 
Y 
Y 
Y 
Y 
Y 
W 
D 
W 
W 
D 
Y 
Y 
Y 
Y 
D 
D 
D 
Y 

RADIONUCLIDE EMISSIONS DURING THE YEAR 94 

Source 
#1 TOTAL 

Size Ci/y Ci/y 

3.00 
3.00 
3.00 
3.00 
3.00 
3.00 
3.00 
3.00 
3.00 
3.00 
1.00 
1.00 
1.00 
3.00 
3.00 
3.00 
3.00 
3-00 
3.00 
3.00 
3.00 
3.00 
3.00 
1.00 
1-00 
1.00 
1.00 
1.00 
1.00 
1.00 
1.00 

4.7E-07 
4 . 713-07 
4 713-07 
3 . 6E-07 
2.9E-07 
1 . 413-07 
1.413-07 
1 . 4E-07 
1 . 4E-07 
1 . 413-07 
1 . 7E-08 
1.7E-08 
2.8E-09 
2-5E-08 
4 . 513-08 
4.5E-08 
2.2E-08 
2 . 2E-08 
2.2E-08 
2 . 2E-08 
2 . 213-08 
1.4E-08 
8 . OE-09 
1.2E-09 
1.OE-13 
1.OE-13 
1.3E-09 
1.9E-09 
1 . 9E-09 
3 . 413-09 
3 . 4E-09 

4.7E-07 
4.7E-07 
4.7E-07 
3.6E-07 
2 . 9E-07 
1.4E-07 
1.4E-07 
1.4E-07 
1.4E-07 
1.4E-07 
1.7E-08 
1 . 7E-08 
2.8E-09 
2.5E-08 
4 .SE-08 
4.5E-08 
2.2E-08 
2.2E-08 
2.2E-08 
2.2E-08 
2.2E-08 
1.4E-08 
8.OE-09 
1.2E-09 
1.OE-13 
1.OE-13 
1.3E-09 
1.9E-09 
1.9E-09 
3.4E-09 
3 . 4E-09 

SITE INFORMATION 

Temperature: 13 degrees C 
Precipitation: 102 cm/y 
Mixing Height: 1000 m 

SYNOPSIS 
Page 2 
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Apr 3, 1994 6:25 pm 

SOURCE INFORMATION 

Source Number: 1 

Stack Height (m): 9.00 
Diameter (m): 0.00 

e - 54.41 SYNOPSIS 
Page 3 

Plume Rise 
Buoyant (cal/s): O.OOE+OO 

(Heat Release Rate) 

AGRICULTURAL DATA 

Meat Vegetable Milk 
- 

Fraction Home Produced: 0.000 0.000 0.000 
Fraction From Assessment Area: 0.000 0.000 0.000 

Fraction Imported: 1.000 1.000 1.000 

Food Arrays were not generated for this run. 
Default Values used. 

DISTANCES USED FOR MAXIMUM INDIVIDUAL ASSESSMENT 

213 246 420 429 446 561 646 662 743 a37 
846 911 



C A P 8 8 - P C  

Version 1.00 

Clean Air Act Assessment Package - 1988 
3 

G E N E R A L  D A T A  

Non-Radon Individual Assessment 
Apr 3, 1994 '6:25 pm 

Facility: FEW 
Address: 7400 Willey Road 

City : Fernald 
State: OH Zip: 45239 

Source Category: Parsons Central Storage Facility Per Yr 
Source Type: Stack 

0 
Emission Year: 94 

Comments: On-site Worker @ 213, 246, 420, 429, 446, 561, 646 
, 662, 743, 837, 846, and 911 Meters 

Dataset Name: PRSNCSFONSITWKR 
Dataset Date: Apr 3, 1994 6:25 pm 

Wind File: WNDFILES\FMP8792.WND 

000436 
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Apr 3, '19'9% 6:25 pm GENERAL 

Page 1 

a VALUES FOR RADIONUCLIDE-DEPENDENT PARAMETERS 

Dry 

Nuclide Class (microns ) (per second) (m/s 1 

Particle Scavenging Deposition 
Clearance Size Coefficient Velocity 

U-238 
TH-234 
PA-234M 
U-234 
TH-2 3 0 
RA-226 
PO-218 
PB-2 14 
BI-2 14 
PO-214 
U-235 
TH-2 3 1 
TC-99 

' TH-232 
RA-228 
AC-228 
TH-228 
RA-224 
PO-216 
PB-2 12 
BI-212 
PO-2 12 
TL-208 
PU-239 
NP-237 
PA-233 
PU-238 
CS-137 
BA-137M 
SR-90 
Y-90 

Y 
Y 
Y 
Y 
Y 
Y 
W 
D 
W 
W 
Y 
Y 
w 
Y 
Y 
Y 
Y 
Y 
W 
D 
W 
W 
D 
Y 
Y 
Y 
Y 
D 
D 
D 
Y 

3.0 
3.0 
3.0 
3.0 
3.0 
3.0 
3.0 
3.0 
3.0 
3.0 
1.0 
1.0 
1.0 
3.0 
3.0 
3.0 
3.0 
3.0 
3.0 
3.0 
3.0 
3.0 
3.0 
1.0 
1.0 
1.0 
1.0 
1.0 
1.0 
1.0 
1.0 

1.02E-05 
1.02E-05 
1.0213-05 
1.02E-05 
1.02E-05 
1 . 02E-05 
1.02E-05 
1.02E-05 
1.02E-05 
1.02E-05 
1.0213-05 
1.02E-05 
1.02E-05 
1.02E-05 
1.02E-05 
1.02E-05 
1.02E-05 
1.02E-05 
1.02E-05 
1.02E-05 
1.02E-05 
1.02E-05 
1.02E-05 
1.02E-05 
1.0213-05 
1 . 02E-05 
1 . 02E-05 
1.02E-05 
1.02E-05 
1.02E-05 
1.0213-05 

1.80E-03 
1.80E-03 
1.80E-03 
1.80E-03 
1.80E-03 
1 . 80E-03 
1.80E-03 
1 . 80E-03 
1.80E-03 
1.80E-03 
1 80E-03 
1 . 80E-03 
1 . 80E-03 
1.80E-03 
1.80E-03 
1.80E-03 
1 . 80E-03 
1.80E-03 
1.8011-03 
1 . 80E-03 
1.80E-03 
1.80E-03 
1.80E-03 
1.80E-03 
1.80E-03 
1.80E-03 
1 . 80E-03 
1.80E-03 
1.80E-03 
1.80E-03 
1.80E-03 

0 

000457 
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VALUES FOR RADIONUCLIDE-DEPENDENT PARAMETERS a 
DECAY CONSTANT (PER DAY) 

TRANSFER COEFFICIENT 

Radio- 
Nuclide active (1) Surf ace Water Milk (2) Meat (3) 

U-238 
TH-234 
PA-234M 
U-234 
TH-230 
RA-226 
PO-218 
PB-214 
BI-214 
PO-2 14 
U-235 
TH-2 3 1 
TC-99 
TH-232 
RA-228 

PO-216 
PB-2 12 
BI-2 12 
PO-212 
TL-208 
PU-239 
NP-237 
PA-233 
PU-238 
CS-137 
BA-137M 
SR-90 
Y-90 

O.OOE+OO 
2.883-02 
8.533+02 
O.OOE+OO 
O.OOE+OO 
0 . 00E+00 
3.27E+02 
3.72E+01 
5.02E+01 
3.663+08 
O.OOE+OO 
6.52E-01 
0 . 00E+00 
O.OOE+OO 
O.OOE+OO 
2 . 7 1E+00 
O.OOE+OO 
1 . 9 1E-0 1 
4 . 10E+05 
1.56E+00 
1.65E+01 
2.0 1E+11 
3.27E+02 
O.OOE+OO 
O.OOE+OO 
2.573-02 
O.OOE+OO 
O.OOE+OO 
3 . 9 1E+02 
O.OOE+OO 
2.60E-01 

5.483-05 
5.483-05 
5.483-05 
5.483-05 
5.483-05 
5.483-05 
5 . 483-05 
5.483-05 
5.483-05 
5.483-05 
5.483-05 
5 . 483-05 
5 . 48E-05 
5.483-05 
5.483-05 
5.483-05 
5.483-05 
5 483-05 
5.483-05 
5.483-05 
5.48E-05 
5 483-05 
5.48E-05 
5.483-05 
5,483-05 
5.483-05 
5.48E-05 
5.48E-05 
5.4831-05 
5.48E-05 
5.4831-05 

0.00E+00 
0 . 00E+00 
0 . 00E+00 
0 . 00E+00 
o.OOE+Oo 
0 . 00E+00 
O.OOE+OO 
0 . 00E+00 
O.OOE+OO 
O.OOE+OO 
O.OOE+OO 
0.00E+00 
0 . 00E+00' 
0 . 00E+00 
0 . 00E+00 
0 . 00E+00 
0 . 00E+00 
0 . 00E+00 
O.OOE+OO 
0 . 00E+00 
O.OOE+OO 
O.OOE+OO 
O.OOE+OO 
0 . 00E+00 
O.OOE+OO 
O.OOE+OO 
O.OOE+OO 
O.OOE+OO 
O.OOE+OO 
0 . 00E+00 
0 . 00E+00 

6 . 00E-04 
5.00E-06 
5.00E-06 
6.00E-04 
5 . 00E-06 
4 .50E-04 
3 . 50E-04 
2 . 50E-04 
5.00E-04 
3 . 50E-04 
6.00E-04 
5 . 00E-06 
1.00E-02 
5 . 00E-06 
4 . 50E-04 
2 . 00E-05 
5 00E-06 
4 .50E-04 
3.503-04 
2.50E-04 
5.00E-04 
3.50E-04 
2 . 00E-03 
1 . 00E-07 
5 . 00E-06 
5.00E-06 
1 . 00E-07 
7 . 00E-03 
3.50E-04 
1.50E-03 
2 . 00E-05 

FOOTNOTES: (1) Effective radioactive decay constant in plume; 
set to zero if less than 1.OE-2 

(2) Fraction of animal's daily intake of nuclide 
which appears in each L of milk (days/L) 

(3) Fraction of animal's daily intake of nuclide 
which appears in each kg of meat (days/kg) 

2.00E-04 
6.00E-06 
1.00E-05 
2 0013-04 
6 . 00E-06 
2 . 50E-04 
9.503-05 
3 . 00E-04 
4 . 00E-04 
9.50E-05 
2 . 00E-04 
6.00E-06 
8 . 50E-03 
6 . 00E-06 
2 50E-04 
2.50E-05 
6.00E-06 
2,503-04 
9.50E-05 
3 . 00E-04 
4 . 00E-04 
9 . 50E-05 
4 . 00E-02 
5.00E-07 
5.503-05 
1.00E-05 
5 . 00E-07 
2 . OOE-02 
1.50E-04 
3 . 00E-04 
3.00E-04 

- 7  
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Page 3 

a VALUES FOR RADIONUCLIDE-DEPENDENT PARAMETERS 

CONCENTRATION 
UPTAKE FACTOR 

D 

GI UPTAKE FRACTION 

Nuclide Forage ( 1) Edible (2) Inhalation Ingestion 

U-238 
TH-234 
PA-234M 
U-234 
TH-230 
RA-226 
PO-218 
PB-214 
BI-214 
PO-214 
U-235 
TH-231 
TC-99 
TH-232 
RA-228 
AC-228 
TH-228 
RA-224 
PO-216 
PB-2 12 
BI-212 
PO-212 
TL-208 
PU-239 
NP-237 
PA-233 
PU-238 
CS-137 
BA-137M 
SR-90 
Y-90 

8.50E-03 
8 . 50E-04 
2 . 50E-03 
8.503-03 
8 . 50E-04 
1 . 50E-02 
2.50E-03 
4.50E-02 
3.50E-02 
2.50E-03 
8.50E-03 
8 . 50E-04 
9.50E+00 
8.50E-04 
1 . 50E-02 
3.50E-03 
8 . 50E-04 
1.50E-02 
2.50E-03 
4.50E-02 
3.503-02 
2.50E-03 
4 . 00E-03 
4.50E-04 
1.00E-01 
2.50E-03 
4.50E-04 
8.00E-02 
1 . 50E-01 
1.50E-02 
2,50E+00 

1.71E-03 
3 643-05 
1.07E-04 
1 7 1E-03 
3.64E-05 
6 . 423-04 
1.71E-04 
3.853-03 
2.14E-03 
1 . 7 1E-04 
1 . 7 1E-03 
3 643-05 
6 42E-01 
3 643-05 
6 423-04 
1.50E-04 
3 . 643-05 
6.423-04 
1.7 1E-04 
3 853-03 
2 14E-03 
1 . 7 1E-04 
1.7 1E-04 
1 . 933-05 
4.283-03 
1.07E-04 
1.933-05 
1.283-02 
6.423-03 
1.07E-01 
2.573-03 

2.00E-03 
2 . 00E-04 
1 . 00E-03 
2.00E-03 
2.00E-04 
2.00E-01 
1 . OOE-0 1 
2.00E-01 
5 00E-02 
1.00E-01 
2.00E-03 
2 . 00E-04 
8.00E-01 
2 . 00E-04 
2.00E-01 
1 . 00E-03 
2 . 00E-04 
2 . 00E-01 
1.00E-01 
2 . 00E-01 
5 . 00E-02 
1.00E-01 
9.50E-0 1 
1 . 00E-04 
1 . 00E-03 
1 . 00E-03 
1 . 00E-03 
9.50E-0 1 
1.00E-01 
3.00E-01 
1.00E-04 

2.00E-01 
2 . 00E-04 
1 . 00E-03 
2.00E-01 
2 . 00E-04 
2.00E-01 
1 . OOE-0 1 
2.00E-01 
5.00E-02 
1 . OOE-0 1 
2 . OOE-0 1 
2 . 00E-04 
8 . OOE-0 1 
2.00E-04 
2.OOE-0 1 
1 . 00E-03 
2 . OOE-0 1 
1 . OOE-0 1 
2 . OOE-0 1 
5.00E-02 
1 . OOE-0 1 
9.50E-0 1 
1 . 00E-03 
1.00E-03 
1 . 00E-03 
1.00E-03 
9.50E-01 
1 . OOE-0 1 
3 . 00E-01 
1 . 00E-04 

2 . 0 0 , - 0 Q  

FOOTNOTES: (1) Concentration factor for uptake of nuclide from soil for 
pasture and forage (in pCi/kg dry weight per pCi/kg dry soil) 

(2) Concentration factor for uptake of nuclide from soil by edible 
parts of crops (in pCi/kg wet weight per pCi/kg dry soil) 

. . ... . _. . . . 



DECAY CHAIN INGROWTH FACTORS 

GENERAL 
Page 4 

Nuclide Parent (s) Ingrowth Factor(s) 

BA-137M CS-137 3.2093+06 

000440 
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0 VALUES FOR RADIONUCLIDE-INDEPENDENT PARAMETERS 

HUMAN INHALATION RATE 
Cubic centimeters /hr 9 . 17E+05 

SOIL PARAMETERS 
Effective surface density (kg/sq m, dry weight) 

(Assumes 15 cm plow layer) 2 . 15E+02 
BUILDUP TIMEX 

For activity in soil (years) 1 . 00E+02 
For radionuclides deposited on ground/water (days) 3 . 65E+04 

DELAY TIMES 
Ingestion of pasture grass by animals (hr) 
Ingestion of stored feed by animals (hr) 
Ingestion of leafy vegetables by man (hr) 
Ingestion of produce by man (hr) 
Transport time from animal feed-milk-man (day) 
Time from slaughter to consumption (day) 

0 . 00E+00 
2 . 16E+03 
3.36E+02 
3 . 36E+02 
2 . 00E+00 
2 . 00E+01 

WEATHERING 
Removal rate constant for physical loss (per hr) 

CROP EXPOSURE DURATION 
Pasture grass (hr) 
Crops/leafy vegetables (hr) 

2 . 90E-03 

7.20E+02 
1 . 44E+03 

AGRICULTURAL PRODUCTIVITY 
Grass-cow-milk-man pathway (kg/sq m) 2 . 80E-0 1 
Produce/leafy veg for human consumption (kg/sq m) 7 . 16E-01 

FALLOUT INTERCEPTION FRACTIONS 
Vegetables 
Pasture 

GRAZING PARAMETERS 
Fraction of year animals graze on pasture 
Fraction of daily feed that is pasture grass 

when animal grazes on pasture 

2.OOE-01 
5.70E-01 

4.00E-01 

4.30E-01 

000441 
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I VALUES FOR RADIONUCLIDE-INDEPENDENT PAWU-ETERS 

ANIMAL FEED CONSUMPTION FACTORS 
Contaminated feed/forage (kg/day, dry weight) 

DAIRY PRODUCTIVITY 
Milk production of cow (L/day) 

MEAT ANIMAL SLAUGHTER PARAMETERS 
Muscle mass of animal at slaughter (kg) 
Fraction of herd slaughtered (per day) 

1 . 56E+01 

1.10E+01 

2.00E+02 
3.813-03 

c 

DECONTAMINATION 
Fraction of radioactivity retained after washing . 

for leafy vegetables and produce 5.00E-01 

FRACTIONS GROWN IN GARDEN OF INTEREST 
Produce ingested 
Leafy vegetables ingested 

INGESTION RATIOS: 
IMMEDIATE SURROUNDING AREA/TOTAL WITHIN AREA 

Vegetables 
Meat 
Milk 

MINIMUM INGESTION FRACTIONS FROM OUTSIDE AREA 
(Minimum fractions of food types from outside 
area listed below are actual fixed values.) 

Vegetables 
Meat 
Milk 

HUMAN FOOD UTILIZATION FACTORS 
Produce ingestion (kg/y) 
Milk ingestion (L/y) 
Meat ingestion (kg/y) 
Leafy vegetable ingestion (kg/y) 

SWIMMING PARAMETERS 
Fraction of t h e  spent swimming 
Dilution factor for water (cm) 

1 . 00E+00 
l.OOE+OO 

0 OOE+00 
0 . 00E+00 
0.00E+00 

1.00E+00 
1 . 00E+00 
1 . 00E+00 

1 . 76E+02 
1,12E+02 

1 80E+O 1 
'8 5 OE+O 1 

0 00E+00 
1 00E+00 

000442 
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Version 1.00 

Clean Air Act Assessment Package - 1988 

D O S E  A N D  R I S K  E Q U I V A L E N T  S U M M A R I E S  

Non-Radon Individual Assessment 
Apr 3, 1994 6:25 pm 

Facility: FEMP 
Address: 7400 Willey Road 

City: Fernald 
State: OH Zip: 45239 

* Source Category: Parsons Central Storage Facility Per Yr 
Source Type: Stack 

Emission Year: 94 

Comments: On-site Worker @ 213, 246, 420, 429, 446, 561, 646 
, 662, 743, 837, 846, and 911 Meters 

Dataset Name: PRSNCSFONSITWKR 
Dataset Date: Apr 3, 1994 6:25 pm 

Wind File: WNDFILES\FMP8792.WND 

000443 
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Apr 3, 1994' ' '  ---6:25' pm -. SUMMARY 
Page 1 

ORGAN DOSE EQUIVALENT SUMMARY 

Organ 

Selected 
Individual 
(=em/Y 1 

GONADS 7.443-06 
BREAST 7.12E-06 
R M A R  4.983-04 
LUNGS 7 . 80E-03 
THYROID 6.40E-06 
ENDOST 6 . 17E-03 
RMNDR 1.523-05 

EFFEC 1.19E-03 

PATHWAY EFFECTIVE DOSE EQUIVALENT SUMMARY 

Pathway 

Selected 
Individual 
(=em/y 1 

INGESTION 0 . 00E+00 
INHALATION 1.19E-03 
AIR IMMERSION 1.973-09 
GROUND SURFACE 9.533-07 
INTERNAL 1.19E-03 
EXTERNAL 9.55E-07 

TOTAL 1.1913-03 

c .  1: 

. .  . 

000444 
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Page 2 

NUCLIDE EFFECTIVE DOSE EQUIVALENT SUMMARY 

Nuclide 

Selected 
Individual 
(=em/Y 1 

U-238 
TH-234 
PA-234M 
U-234 
TH-230 
RA-226 
PO-218 
PB-214 
BI-214 
PO-214 
U-235 
TH-2 3 1 
TC-99 
TH-232 
RA-228 
AC-228 
TH-228 
RA-224 
PO-216 
PB-212 
BI-212 
PO-212 
TL-208 
PU-239 
NP-237 
PA-233 
PU-238 
CS-137 
BA- 1 3 7M 
SR-90 
Y-90 

2 . 843-04 
1.27E-07 
1.61E-11 
2.443-04 
4 . 12E-04 
1.00E-04 
6.12E-11 
2.16E-09 
2.06E-09 
O.OOE+OO 
2.13E-05 
1.74E-10 
2 . 35E-10 
4.943-05 
3.9013-05 
2 . 15E-08 
2.963-05 
6.05E-07 
0.00E+00 
3.493-08 
9.243-09 
O.OOE+OO 
1.13E-10 
4 . 10E-06 
3 . 2 OE- 10 
2.00E-14 
4.13E-06 
5 . 89E-10 
1.07E-07 
7.563-09 
3.20E-10 

TOTAL 1.19E-03 

.. 

I 



CANCER RISK SUMMARY 

SUMMARY 
Page 3 

Cancer 

Selected Individual . 
Total Lif e t h e  

Fatal Cancer Risk 

LEUKEMIA 
BONE 
THYROID 
BREAST 
LUNG 
STOMACH 
BOWEL 
LIVER 
PANCREAS 
URINARY 
OTHER 

TOTAL 

Pathway 

4.28E-10 
2.793-10 
1.28E-12 
1.33E-11 
1.243-08 
7.863-12 
5.80E-12 
2.95E-11 
5 . 583-12 
7.523-12 
6.823-12 

PATHWAY RISK SUMMARY 

TOTAL 

1.32E-08 

INGESTION 
INHALATION 
AIR IMMERSION 
GROUND SURFACE 
INTERNAL 
EXTERNAL 

Selected Individual 
Total Lif e t h e  

Fatal Cancer Risk 

0 . 00E+00 
1 . 3 1E-08 
2 2 OE-11 
1 . 3 1E-08 
2 . 20E-11 
4 753-14 

1.323-08 

000446 



Apr 3, 1994 6:25 pm 

Nuclide 

U-238 
TH-234 
PA-234M 
U-234 
TH-230 
RA-226 
PO-218 
PB-214 
BI-214 
PO-214 
U-235 
TH-231 
TC-99 
TH-232 
RA-228 
AC-228 
TH-228 
RA-224 
PO-216 
PB-212 
BI-2 12 
PO-2 12 
TL-2 0 8 
PU-239 
NP-237 
PA-233 
PU-238 
CS-137 
BA-137M 
SR-90 
Y-90 

TOTAL 

SUMMARY z. 7- 54.41li Page 4 

NUCLIDE RISK SUMMARY 

Selected Individual 
Total Lif e t h e  

Fatal Cancer Risk 

3.803-09 
5.43E-12 
3.05E-16 
3.253-09 
3.21E-09 
1.30E-09 
1 . 60E-14 
1.453-13 
1.293-13 
O.OOE+OO 
2.90E-10 
5.073-15 
1.4731-14 
2.72E-10 
3.63E-10 
4.18E-13 
5.81E-10 
9.7 8E-12 
O.OOE+OO 
4.523-13 
5.243-14 
O.OOE+OO 
2.753-15 
3.33E-11 
2.60E-15 
8 . 0 1E-19 
3.64E-11 
l.56E-14 
2.56E-12 
1.29E-13 
1.13E-14 

1.323-08 



Apr 3, 1994 :$6:2’5 pm e _  

INDIVIDUAL EFFECTIVE DOSE EQUIVALENT RATE (mrem/y) 
(All Radionuclides and Pathways) 

SUMMARY 
Page 5 

Distance (m) 

Direction 213 246 420 429 446 561 646 

N 
NNW 
Nw 
m 
W 

wsw 
sw 
ssw 
S 

SSE 
SE 

ESE 
E 

ENE 
NE 

4.713-04 
3.213-04 
2.6E-04 
2 . 9E-04 
4.7E-04 
7.4E-04 
4 . 3E-04 
3 .4E-04 
3 . 4E-04 
4.5E-04 
5 . 6E-04 
6 . 9E-04 
9 . OE-04 
l.lE-03 
1 . 2E-03 
8 . 6E-04 

4.4E-04 
3 . OE-04 
2.4E-04 
2.7E-04 
4.4E-04 
6 . 6E-04 
3 8E-04 
3.OE-04 
3 . OE-04 
4 2E-04 
5 . 5E-04 
6 . 8E-04 
8 . 6E-04 
1.OE-03 
1 . 1E-03 
7.9E-04 

2 8E-04 
1 9E-04 
1.7E-04 
2.OE-04 
3 . 2E-04 
4 . OE-04 
2.1E-04 
1.813-04 
1 . 9E-04 
3 . OE-04 
4 . 7E-04 
5 . 8E-04 
6 . 8E-04 
7 . 5E-04 
7-43-04 
5.1E-04 

2.8E-04 
1.9E-04 
1 . 6E-04 
1 . 9E-04 
3 . 1E-04 
3 . 9E-04 
2 . 1E-04 
1 . 8E-04 
1 . 9E-04 
3.013-04 
4 . 6E-04 
5 . 7E-04 
6.6E-04 
7 . 3E-04 
7.3E-04 
4 . 9E-04 

2.6E-04 
1 . 8E-04 
1 . 6E-04 
1 . 9E-04 
-3.OE-04 
3 . 7E-04 
2.OE-04 
1 . 7E-04 
1 . 8E-04 
2 . 9E-04 
4 5E-04 
5 . 6E-04 
6 . 4E-04 
7.1E-04 
7 . OE-04 
4 . 7E-04 

2 . OE-04 
1.3E-04 
1 . 212-04 
1.5E-04 
2.4E-04 
2.7E-04 
1.5E-04 
1 . 3E-04 
1 3E-04 
2 . 2E-04 
3 . 6E-04 
4 5E-04 
5 . 1E-04 
5 . 5E-04 
5 3E-04 
3 6E-04 

1 . 611-04 
1 . 1E-04 
1.013-04 
1 . 2E-04 
2.013-04 
2 . 213-04 
1.2E-04 
1 . OE-04 
1 . 1E-04 
1.913-04 
3 . 1E-04 
3 . 812-04 
4 . 3E-04 
4.6E-04 

2.9E-04 
4 4E-04 

Distance (m) 

Direction 662 743 837 846 911 

N 
NNW 
Nw 

WNW 
W 

wsw 
sw 
ssw 
S 

, SSE 
SE 

ESE 
E 

ENE 
NE 

1 . 6E-04 
1 . 1E-04 
9 . 7E-05 
1 . 2E-04 
1 . 9E-04 
2 . 1E-04 
1 . 1E-04 
1 . OE-04 
1.1E-04 
1 . 8E-04 
3.OE-04 
3 . 7E-04 
4 1E-04 
4.5E-04 
4 2E-04 

1 . 3E-04 
9.OE-05 
8 . 2E-05 
1.OE-04 
1.6E-04 
1.8E-04 
9.6E-05 
8.5E-05 
8 . 8E-05 
1.5E-04 
2.5E-04 
3 . 2E-04 
3 . 5E-04 
3.813-04 
3 . 6E-04 

1 e 1E-04 
7.4E-05 
6 . 8E-05 
8.4E-05 
1.3E-04 
1.5E-04 
7.9E-05 
7 . OE-05 
7.3E-05 
1.313-04 
2 . 1E-04 
2.713-04 
3.OE-04 
3 . 2E-04 
3 . OE-04 

1 . 1E-04 
7 . 313-05 
6 . 713-05 
8 . 3E-05 
1 . 3E-04 
1 . 5E-04 
7 . 813-05 
6 . 9E-05 
7.2E-05 
1.2E-04 
2 . 1E-04 
2.6E-04 
2 . 9E-04 
3 . 113-04 
2 . 9E-04 

NNE 2-83-04 2.43-04 2.OE-04 1.9E-04 

9 . 5E-05 
6.5E-05 
5 . 9E-05 
7.4E-05 
1.2E-04 
1 . 3E-04 
6 . 9E-05 
6.1E-05 
6 . 4E-05 
1 . 1E-04 
1 . 9E-04 
2.3E-04 
2.6E-04 
2 8E-04 
2 . 6E-04 
1 7E-04 

000448 
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INDIVIDUAL LIFETIME RISK (deaths) 
(All Radionuclides and Pathways) 

Distance (m) 

Direction 213 246 420 429 446 561 646 

N 
NNW 
Nw 
WNW 
W 

wsw 
sw 
ssw 

S 
SSE 
SE 

ESE 
E 

ENE 
NE 

NNE 

5.2E-09 
3.5E-09 
2.9E-09 
3 . 2E-09 
5 . 2E-09 
8 . 2E-09 
4.7E-09 
3.713-09 
3.713-09 
5 . OE-09 
6 . 2E-09 
7.7E-09 
9.9E-09 
1 . 2E-08 
1 . 3E-08 
9 -513-09 

4.8E-G9 
3.313-09 
2.713-09 
3.OE-09 
4.9E-09 
7.3E-09 
4.2E-09 
3 . 3E-09 
3 .;QE-09 
4.7E-09 
6.1E-09 
7.6E-09 
9.6E-09 
1.1E-08 
1.2E-08 
8 . 713-09 

3 . 1E-09 
2 . 1E-09 
1 . 9E-09 
2.213-09 
3 . 5E-09 
4 413-09 
2.4E-09 
2.OE-09 
2 . 1E-09 
3.3E-09 
5.2E-09 
6 . 513-09 
7.513-09 
8 . 313-09 
8 . 2E-09 
5 613-09 

3.OE-09 
2.1E-09 
1.8E-09 
2 . 213-09 
3 . 5E-09 
4.3E-09 
2 . 3E-09 
2.OE-09 
2.OE-09 
3 . 3E-09 
5 . 1E-09 
6 . 411-09 
7 . 413-09 
8 . 1E-09 
8 . OE-09 
5.5E-09 

2 . 9E-09 
2 . OE-09 
1 . 7E-09 
2 . 1E-09 
3 . 3E-09 
4.1E-09 
2.23-09 
1 . 9E-09 
2 . OE-09 
3 . 2E-09 
5 . OE-09 
6.2E-09 
7 . 1E-09 
7.8E-09 
7.713-09 
5.2E-09 

2 . 213-09 
1 . 5E-09 
1 . 3E-09 
1 . 613-09 
2 . 6E-09 
3.OE-09 
1.613-09 
1.4E-09 
1 . 5E-09 
2 . 513-09 
4 OE-09 
5 . OE-09 
5 . 6E-09 
6.1E-09 
5.9E-09 
4 . OE-09 

1 . 8E-09 
1.2E-09 
1 . 1E-09 
1 4E-09 
2 . 213-09 
2.5E-09 
1 . 313-09 
1.2E-09 
1.2E-09 
2.1E-09 
3.43-09 
4.2E-09 
4.7E-09 
5.1E-09 
4.9E-0 
3 . 2 E - O m  

Direction 662 743 837 846 911 

N 
NNW 
Nw 
WNW 
W 

wsw 
sw 
ssw 

S 
SSE 
SE 

ESE 
E 

ENE 
NE 

NNE 

1.7E-09 1.5E-09 
1.2E-09 9.9E-10 
1.1E-09 9.1E-10 
1.3E-09 1.lE-09 
2.1E-09 1.8E-09 
2.43-09 2.OE-09 
1 . 3E-09 1.1E-09 
1.1E-09 9.4E-10 
1.2E-09 9.8E-10 
2.OE-09 1.7E-09 
3.33-09 2.8E-09 
4.1E-09 3.5E-09 
4-63-09 3.93-09 
4.93-09 4.23-09 
4-73-09 3.93-09 
3 1E-09 2.6E-09 

1 . 2E-09 
8.2E-10 
7.5E-10 
9.3E-10 
1 . 5E-09 
1 . 613-09 
8.7E-10 
7 . 8E-10 
8.1E-10 
1.4E-09 
2 . 413-09 
2 . 9E-09 
3 . 313-09 
3 . 513-09 
3 . 3E-09 
2 . 2E-09 

1.2E-09 
8.M-10 
7.4E-10 
9.2E-10 
1.5E-09 
1 613-09 
8.613-10 
7.613-10 
8.OE-10 
1.4E-09 
2.313-09 
2 . 9E-09 
3 . 213-09 
3.413-09 
3.2E-09 
2 1E-09 

1.1E-09 
7.2E-10 
6 . 6E-10 
8.2E-10 
1 . 3E-09 
1.4E-09 
7 . 613-10 
6 8E-10 
7 . OE-10 
1 . 213-09 
2 . 1E-09 
2 6E-09 
2 . 9E-09 
3 . 1E-09 
2 . 9E-09 
1.9E-09 
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Version 1.00 

Clean Air Act Assessment Package - 1988 

S Y N O P S I S  R E P O R T  

Non-Radon Individual Assessment 
Apr 3, 1994 6:02 pm 

Facility: FEMP 
Address: 7400 Willey Road 

City: Fernald 
State: OH Zip: 45239 

~ Effective Dose Equivalent 
(mrem/year) 

6.933-04 

At This Location: 500 Meters East Northeast 
Source Category: Parsons CSF for Annual Dose Rate 

Source Type: Stack 
Emission Year: 1994 

Comments: Off-site Resident at 500m, 0.5mi, 1.5mi., 2.5d., 
3 .5mi ,  and 4.5mi. 

Dataset Name: PSNSCSFOFFSITE 
Dataset Date: Apr 3, 1994 6:Ol pm 

Wind File: WNDFILES\FMP8792.WND 
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Apr 3, 1994 6:02 pm SYNOPSIS 
Page 1 

MAXIMALLY EXPOSED INDIVIDUAL 

Location Of The Individual: 500 Meters East Northeast 
Lif e t b e  Fatal Cancer 

ORGAN DOSE 

Organ 

Risk: 7.303-09 

EQUIVALENT SUMMARY 

Dose 
Equivalent 
(=em/Y 1 

GONADS 
BREAST 
R M A R  
LUNGS 
THYROID 
ENDOST 
RMNDR 

EFFEC 

8.703-06 
8.423-06 
3.4331-04 
4 . 15E-03 
8.10E-06 
4 3 1E-03 
7 . 07E-05 
6.933-04 

000451 
L . . .  
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Apr 3, 1994 

0 
Nuclide Class 

. .  
1:. -1 . ::.. 

6y02 p m '  
.. _. , : ..' . .  

RADIONUCLIDE EMISSIONS DURING THE YEAR 1994 

Size 

Source 
#1 

Ci/y 
TOTAL 
Ci/y 

U-238 
TH-234 
PA-234M 
U-234 
TH-230 
RA-226 
PO-218 
PB-2 14 
BI-214 
PO-214 
U-235 
TH-2 3 1 
TC-99 
TH-232 
RA-228 
AC-228 
TH-228 

@:":1 
BI-212 
PO-212 
TL-2 0 8 
PU-239 
NP-237 
PA-233 
PU-2 3 8 
CS-137 
BA-137M 
SR-90 
Y-90 

Y 
Y 
Y 
Y 
Y 
Y 
w 
D 
W 
w 
Y 
Y 
W 
Y 
Y 
Y 
Y 
Y 
W 
D 
W 
W 
D 
Y 
Y 
Y 
Y 
D 
D 
Y 
Y 

3.00 
3.00 
3.00 
3.00 
3.00 
3.00 
3.00 
3.00 
3.00 
3.00 
1.00 
1.00 
1.00 
3.00 
3.00 
3.00 
3.00 
3.00 
3.00 
3.00 
3.00 
3.00 
3.00 
1.00 
1.00 
1.00 
1.00 
1.00 
1.00 
1.00 
1.00 

4.713-07 
4.7E-07 
4.7E-07 
3.6E-07 
2.93-07 
1.4E-07 
1.4E-07 
1.4E-07' 
1.4E-07 
1.4E-07 
1.7E-08 
1.7E-08 
2.8E-09 
2.5E-08 
4.5E-08 
4.5E-08 
2.213-08 
2.2E-08 
2.2E-08 
2.213-08 
2.2E-08 
1.4E-08 
8.OE-09 
1.2E-09 
1.OE-13 
1.OE-13 
1.3E-09 
1.9E-09 
1.9E-09 
3.4E-09 
3.4E-09 

4.7E-07 
4.713-07 
4.7E-07 
3.613-07 
2.9E-07 
1.413-07 
1.4E-07 
1.4E-07 
1.4E-07 
1.4E-07 
1.7E-08 
1.7E-08 
2.8E-09 
2.5E-08 
4.5E-08 
4.5E-08 
2.2E-08 
2.2E-08 
2.2E-08 
2.2E-08 
2.2E-08 
1.4E-08 
8.OE-09 
1.2E-09 
1.013-13 
1.013-13 
1.313-09 
1.9E-09 
1.9E-09 
3.4E-09. 
3.4E-09 

SITE INFORMATION 

SYNOPSIS 
Page 2 

Temperature: 13 degrees C 
Precipitation: 102 cm/y 
Mixing Height: 1000 m 

000452 



Apr 3, 1994 6:02 pm 

Source Number: 1 

SOURCE INFORMATION 

Stack Height (m): 9.00 
Diameter (m): -0 . 00 

Plume Rise 
Buoyant (cal/s): 0.00E+00 

(Heat Release Rate) 

AGRICULTURAL DATA 

Vegetable Milk Meat 

Fraction Home Produced: 1.000 1.000 1.000 
Fraction From Assessment Area: 0.000 0.000 0 . 000 

0.000 0.000 0.000 Fraction Imported: 

Food Arrays were not generated for this run. 
Default Values used. 

DISTANCES USED FOR'MAXIMUM INDIVIDUAL ASSESSMENT 

500 805 2415 4025 5635 7245 

SYNOPSIS 
Page 3 
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Version 1.00 

Clean Air Act Assessment Package - 1988 

G E N E R A L  D A T A  

Non-Radon Individual Assessment 
Apr 3, 1994 6:02 pm 

Facility: FEMP 
Address: 7400 Willey Road 

City: Fernald 
State: OH Zip: 45239 

Source Category: Parsons CSF for Annual Dose Rate 0 
Source Type: Stack 

Emission Year: 1994 

Comments: Off-site Resident at 500m, 0.5mi, 1.5mi., 2.5mi., 
3.5mi, and 4.5mi. 

Dataset Name: PSNSCSFOFFSITE 
Dataset Date: Apr 3, 1994 6:Ol pm 

Wind File: WNDFILES\FMP8792.WND 

. .  
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,Apr 3, 1994 6:02 pm GENERAL 
Page 1 

VALUES FOR RADIONUCLIDE-DEPENDENT PARAMETERS 

Dry 
- Particle Scavenging Deposition 

Clearance Size Coefficient Velocity 
Nuclide ’ Class (microns ) (per second) ( m m  

U-238 
TH-234 
PA-234M 
U-234 
TH-230 
RA-226 
PO-218 
PB-214 
BI-214 
PO-214 
U-235 
TH-231 
TC-99 
TH-232 
RA-228 
AC-228 
TH-228 
RA-224 
PO-216 
PB-212 
BI-212 
PO-212 
TL-208 
PU-239 
NP-237 
PA-233 
PU-238 
CS-137 
BA-137M 
SR-90 
Y-90 

Y 
Y 
Y 
Y 
Y 
Y 
W 
D 
W 
W 
Y 
Y 
W 
Y 
Y’ 
Y 
Y 
Y 
W 
D 
W 
W 
D 
Y 
Y 
Y 
Y 
D 
D 
Y 
Y 

3.0 
3.0 
3.0 
3.0 
3.0 
3.0 
3.0 
3.0 
3.0 
3.0 
1.0 
1.0 
1.0 
3.0 
3.0 
3.0 
3.0 ~ 

3.0 
3.0 
3.0 
3.0 
3.0 
3.0 
1.0 
1.0 
1.0 
1.0 
1.0 
1.0 
1.0 
1.0, 

1 . 02E-05 
1 . 02E-05 
1 02E-05 
1 . 02E-05 
1 . 02E-05 
1 . 02E-05 
1 . 02E-05 
1.02E-05 
1 . 02E-05 
1 . 02E-05 
1 . 02E-05 
1.02E-05 
1 . 02E-05 
1 . 02E-05 
1 . 02E-05 
1 . 02E-05 
1 . 02E-05 
1 . 02E-05 
1 . 02E-05 
1.02E-05 
1 . 02E-05 
1 . 02E-05 
1 02E-05 
1 . 02E-05 
1.02E-05 
1 . 02E-05 
1 . 02E-05 
1 . 02E-05 
1.02E-05 
1 02E-05 
1.02E-05 

1 . 80E-03 
1.80E-03 
1.80E-03 
1.80E-03 
1.80E-03 
1.80E-03 
1.80E-03 
1 . 80E-03 
1 . 8013-03 
1.80E-03 
1.80E-03 
1 . 80E-03 
1.80E-03 
1.80E-03 
1 . 80E-03 
1.80E-03 
1 . 80E-03 
1 . 8013-03 0 
1.80E-03 
1.80E-03 
1 . 8013-03 
1 . 80E-03 
1.80E-03 
1 . 80E-03 
1 . 80E-03 
1.80E-03 
1.80E-03 
1.80E-03 
1.80E-03 
1 . 80E-03 
1 . 80E-03 
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Page 2 

VALUES FOR RADIONUCLIDE-DEPENDENT PARAMETERS a 
DECAY CONSTANT (PER DAY) 

TRANSFER COEFFICIENT 

Radio- 
Nuclide active (1) Surf ace Water Milk (2) Meat (3) 

U-238 
TH-234 
PA-234M 
U-234 
TH-230 
RA-226 
PO-2 18 
PB-214 
BI-214 
PO-214 
U-235 
TH-2 3 1 
TC-99 
TH-232 

PO-216 
PB-212 
BI-212 
PO-212 
TL-208 
PU-239 
NP-2 3 7 
PA-233 
PU-238 
CS-137 
BA-137M 
SR-90 
Y-90 

O.OOE+OO 
2 -883-02 
8.53E+02 
0 . 00E+00 
0 . 00E+00 
O.OOE+OO 
3.27E+02 
3.723+01 
5.02E+01 
3.663+08 
O.OOE+OO 
6 . 52E-0 1 
0 . 00E+00 
O.OOE+OO 
0,00E+00 
2.7 1E+00 
O.OOE+OO 
1.9 1E-01 
4.10E+05 
1.56E+00 
1.65E+01 
2.01E+ll 
3.27E+02 
O.OOE+OO 
O.OOE+OO 
2.573-02 
O.OOE+OO 
O.OOE+OO 
3.913+02 
0 . 00E+00 
2.60E-01 

5.483-05 
5.483-05 
5.48E-05 
5.483-05 
5.48E-05 
5.483-05 
5.483-05 
5.483-05 
5.483-05 
5.483-05 
5 . 4 8E-05 
5 . 483-05 
5.483-05 
5.48E-05 
5.483-05 
5.483-05 
5.483-05 
5.48E-05 
5.483-05 
5.48E-05 
5.483-05 
5.483-05 
5.483-05 
5 . 483-05 
5.483-05 
5.48E-05 
5.48E-05 
5 .48E-05 
5.48E-05 
5.483-05 
5.48E-05 

0 . 00E+00 
0 . 00E+00 
0 . 00E+00 
0.00E+00 
O.OOE+OO 
0 . 00E+00 
O.OOE+OO 
0.00E+00 
0 . 00E+00 
O.OOE+OO 
O.OOE+OO 
0 . 00E+00 
0 . 00E+00 
O1OOE+OO 
O.OOE+OO 
0 . 00E+00 
0 . 00E+00 
O.OOE+OO 
0 . 00E+00 
O.OOE+OO 
O.OOE+OO 
OoOOE+OO 
0 . 00E+00 
O.OOE+OO 
0.00E+00 
O.OOE+OO 
0.00E+00 
0 . 00E+00 
0 . 00E+00 
O.OOE+OO 
O.OOE+OO 

6 . 00E-04 
5 00E-06 
5 . 00E-06 
6 . 00E-04 
5 . 00E-06 
4.50E-04 
3 50E-04 
2.50E-04 
5.00E-04 
3 . 50E-04 
6 . 00E-04 
5.00E-06 
1 . 00E-02 
5 . 00E-06 
4.50E-04 
2 . 00E-05 
5 . 00E-06 
4.50E-04 
3.503-04 
2.50E-04 
5 . 00E-04 
3 . 50E-04 
2 . 00E-03 
1.00E-07 
5 . 00E-06 
5.00E-06 
1.00E-07 
7.00E-03 
3.50E-04 
1.50E-03 
2 . 00E-05 

FOOTNOTES: (1) Effective radioactive decay constant in plume; 
set to zero if less than 1.OE-2 

(2) Fraction of animal's daily intake of nuclide 
which appears in each L of milk (days/L) 

(3) Fraction of animal's daily intake of nuclide 
which appears in each kg of meat (days/kg) 

2 . 00E-04 
6 . 00E-06 
1 . OOE-05 
2 . 00E-04 
6 . 00E-06 
2.50E-04 
9.503-05 
3.00E-04 
4.00E-04 
9 . 50E-05 
2 . 00E-04 
6.00E-06 
8.50E-03 
6.00E-06 
2 . 50E-04 
2.5013-05 
6 00E-06 
2.503-04 
9.50E-05 
3 . 0013-04 
4 .00E-04 
9.50E-05 
4 . 00E-02 
5 . 00E-07 
5.50E-05 
1 . 00E-05 
5 . 00E-07 
2 . 00E-02 
1.50E-04 
3 . 00E-04 
3.0OE-04 

000456 
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a VALUES FOR RADIONUCLIDE-DEPENDENT P!ARAMETERS 

CONCENTRATION 
UPTAKE FACTOR GI UPTAKE FRACTION 

Nuclide Forage ( 1) Edible (2) Inhalation Ingestion 

U-238 
TH-234 
PA- 2 3 4M 
U-234 
TH-2 3 0 
RA-226 
PO-218 
PB-214 
BI-214 
PO-214 
U-235 
TH-231 
TC-99 
TH-232 
RA-228 
AC-228 
TH-228 
RA-224 
PO-216 
PB-212 
BI-212 
PO-212 
TL-208 
PU-239 
NP-237 
PA-233 
PU-2 3 8 
CS-137 
BA-137M 
SR-90 
Y-90 

8.503-03 
8.503-04 
2 . 50E-03 
8.503-03 
8.50E-04 
1.50E-02 
2.50E-03 
4.50E-02 
3.50E-02 
2.50E-03 
8.50E-0 3 
8.503-04 
9.50E+00 
8.503-04 
1.50E-02 
3 50E-03 
8.503-04 
1.50E-02 
2.503-03 
4.50E-02 
3.503-02 
2 . 50E-03 
4.00E-03 
4.50E-04 
1.00E-01 
2.50E-03 
4.50E-04 
8 . 00E-02 
1.50E-0 1 
2.50E+00 
1.50E-02 

1.7 1E-03 
3 . 64E-05 
1 . 07E-04 
1.71E-03 
3.643-05 
6 . 423-04 
1 . 7 1E-04 
3 . 853-03 
2 - 14E-03 
1.7 1E-04 
1 . 7 1E-03 
3 643-05 
6 4 2E-0 1 
3.6431-05 
6,423-04 
1.50E-04 
3 . 643-05 
6 -423-04 
1 . 7 1E-04 
3.853-03 
2 . 14E-03 
1 . 7 1E-04 
1.7 1E-04 
1 933-05 
4 -283-03 
1 . 07E-04 
1 . 933-05 
1 . 28E-02 
6.423-03 
1.07E-01 
2.573-03 

2 . 00E-03 
2 . 00E-04 
1 . 00E-03 
2.00E-03 
2 . 00E-04 
2 . 00E-01 
1.OOE-0 1 
2.00E-01 
5 . 00E-02 
1.00E-01 
2 . 00E-03 
2 . 00E-04 
8 . 00E-01 
2 . 00E-04 
2 . 00E-01 
1.00E-03 
2 e 00E-04 
2.00E-01 
1.00E-01 
2.OOE-0 1 
5.00E-02 
1.OOE-0 1 
9.50E-01 
1 . 00E-04 
1 . 0013-03 
1.00E-03 
1.00E-03 
9 . 50E-0 1 
1 . 00E-01 
1 . 00E-02 
1 e 00E-04 

2 . OOE-0 1 
2 . OOE-04 
1.00E-03 
2.00E-01 
2 . 00E-04 
2 . OOE-0 1 
1.00E-01 
2 . 00E-01 
5.00E-02 
1 . OOE-0 1 
2.00E-01 
2.00E-04 
8 . OOE-0 1 
2.00E-04 

1.00E-03 
2 . OOE-04 
2 . OOE-0 1 
1 . OOE-0 1 
2 . OOE-0 1 
5.00E-02 
1.00E-01 
9.50E-0 1 
1 . 00E-03 
1 . 00E-03 
1.00E-03 
1.00E-03 
9 . 50E-0 1 
1 . OOE-0 1 
3.00E-01 
1 . 00E-04 

FOOTNOTES: (1) Concentration factor for uptake of nuclide from soil for 
pasture and forage (in pCi/kg d r y  weight per pCi/kg dry soil) 

(2) Concentration factor for uptake of nuclide from soil by edible 
parts of crops (in pCi/kg wet weight per pCi/kg dry s o i l )  
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DECAY CHAIN INGROWTH FACTORS a 
Nuclide P a r e n t  ( s) Ingrowth Factor( s) 

CS-137 3.209E+06 

000458 



;j 'r. :: 
ipr- 3, 1994 6 : 0 2  pm 

-.-% , a .  ' 

GENERAL 
Page 5 

VALUES FOR RADIONUCLIDE-INDEPENDENT PARAMETERS 

HUMAN INHALATION RATE 
Cubic centimeters/hr 

SOIL PARAMETERS 
Effective surface density (kg/sq m, dry weight) 

(Assumes 15 cm plow layer) 

BUILDUP TIMES 
For activity in soil (years) 
For radionuclides deposited on ground/water (days) 

DELAY TIMES 
Ingestion of pasture grass by animals (hr) 
Ingestion of stored feed by animals (hr) 
Ingestion of leafy vegetables by man (hr) 
Ingestion of produce by man (hr) 
Transport time from animal feed-milk-man (day) 
T h e  from slaughter to consumption (day) 

WEATHERING 
Removal rate constant for physical loss  (per hr) 

CROP EXPOSURE DURATION 
Pasture grass (hr) 
Crops/leafy vegetables (hr) 

AGRICULTURAL PRODUCTIVITY 
Grass-cow-milk-man pathway (kg/sq m) 
Produce/leafy veg for human consumption (kg/sq m) 

FALLOUT INTERCEPTION FRACTIONS 
Vegetables 
Pasture 

GRAZING PARAMETERS 
Fraction of year animals graze on pasture 
Fraction of daily feed that is pasture grass 

when animal grazes on pasture 

9 . 17E+05 

2 . 15E+02 

1 . 00E+02 
3 . 65E+04 

0 . 00E+00 
2 . 16E+03 
3.363+02 
3 . 36E+02 
2.00E+00 
2.00E+01 

2 . 90E-03 

7 . 20E+02 
1 . 44E+03 

2 . 80E-01 
7 . 1611-01 

2.00E-01 
5.70E-01 

4 . 00E-01 

4.30E-01 

. . .  , 

... 
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VALUES FOR RADIONUCLIDE-INDEPENDENT PARAMETERS a 
ANIMAL FEED CONSUMPTION FACTORS 

Contaminated feed/forage (kg/day, dry weight) 

DAIRY PRODUCTIVITY 
Milk production of cow (L/day) 

MEAT ANIMAL SLAUGHTER PARAMETERS 
Muscle mass of animal at slaughter (kg) 
Fraction of herd slaughtered (per day) 

DECONTAMINATION 
Fraction of radioactivity retained after washing 

for leafy vegetables and produce 

FRACTIONS GROWN IN GARDEN OF INTEREST 
Produce ingested 

IMMEDIATE SURROUNDING AREA/TOTAL WITHIN AREA 
Vegetables 
Meat 
Milk 

MINIMUM INGESTION FRACTIONS FROM OUTSIDE AREA 
(Minimum fractions of food types from outside 
area listed below are actual fixed values.) 

Vegetables 
Meat 
Milk 

HUMAN FOOD UTILIZATION FACTORS 
Produce ingestion (kg/y) 
Milk ingestion (L/y) 
Meat ingestion (kg/y) 
Leafy vegetable ingestion (kg/y) 

SWIMMING PARAMETERS 
Fraction of time spent swimming 
Dilution factor for water (cm) a 

1.56E+01 

l.lOE+Ol 

2 00E+02 
3.813-03 

5.00E-01 

1 . 00E+00 
1 00E+00 

1 76E+02 
1 . 12E+02 
8 . 50E+O 1 
1.80E+01 

0 . 00E+00 
l.OOE+OO 

800460 
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Clean Air Act Assessment Package - 1988 

D O S E  A N D  R I S K  E Q U I V A L E N T  S U M M A R I E S  

Non-Radon Individual Assessment 
Apr 3 ,  1994 6:02 pm 

Facility: FEMP 
Address: 7400 Willey Road 

City: Fernald 
State: OH Zip: 45239 

Source Category: Parsons CSF for Annual Dose Rate 
Source Type: Stack 

Emission Year: 1994 

Comments: Off-site Resident at 500m, 0.5mi, 1.5mi.? 2.5mi.l 
3.5mi, and 4.5mi. 

Dataset Name: PSNSCSFOFFSITE 
Dataset Date: Apr 3, 1994 6:Ol pm 

Wind File: WNDFILES\FMP8792.WND 
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ORGAN DOSE EQUIVALENT SUMMARY 

Organ 

Selected 
Individual 
(=em/Y 1 

GONADS 
BREAST 
R M A R  
LUNGS 
THYROID 
ENDOST 
RMNDR 

8.703-06 
8.423-06 
3.433-04 
4 . 15E-03 
8 . 10E-06 
4.31E-03 
7.073-05 . 

* I  

EFFEC 6.933-04 

PATHWAY EFFECTIVE DOSE EQUIVALENT SUMMARY 

Pathway 

Selected 
Individual 
(=em/Y 1 

INGESTION 6,203-05 
INHALATION 6.30E-04 
AIR IMMERSION 8.59E-10 
GROUND SURFACE 4.91E-07 
INTERNAL 6 . 92E-04 
EXTERNAL 4.91E-07 

TOTAL 6 933-04 

SUMMARY 
Page 1 
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NUCLIDE EFFECTIVE DOSE EQUIVALENT SUMMARY 

Nuclide 

Selected 
Individual 
(=em/Y 1 

U-238 
TH-234 
PA-234M 
U-234 
TH-230 
RA-226 
PO-218 
PB-214 
BI-214 
PO-214 
U-235 
TH-231 
TC-99 
TH-232 
RA-228 
AC-228 
TH-228 
RA-224 
PO-216 
PB-212 
BI-212 
PO-212 
TL-208 
PU-239 
NP-237 
PA-233 
PU-238 
CS-137 
BA- 1 3 7M 
SR-90 
Y-90 

TOTAL 

1.743-04 
2 . 05E-07 
1.543-12 
1.493-04 
2 -253-04 
6.21E-05 
1.073-11 
9.903-10 
8 . 983-10 
0.003+00 
1.223-05 
9.17E-11 
1.443-08 
2 . 683-05 
2 . 223-05 
1.133-08 
1.593-05 
3 . 293-07 
0 . 00E+00 
1.843-08 
4.593-09 
0 . 00E+00 
1.973-11 
2 . 4 13-06 
1 . 9 13-10 
1.883-14 
2.423-06 
1.653-08 
5.503-08 
1 . 0 13-07 
1.793-10 

SUMMARY 
Page 2 

6.933-04 

000463 
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CANCER RISK SUMMARY 

Cancer 

Selected Individual 
Total Lif e t h e  

Fatal Cancer Risk 

LEUKEMIA 
BONE 

BREAST 
LUNG 
STOMACH 
BOWEL 
LIVER 
PANCREAS 
URINARY 
OTHER 

THYROID 

3 . 12E-10 
2 . 03E-10 
1.513-12 
1 .38E-11 
6 . 5 8 3 - 0 9  
1 .06E-11 
1 .17E-11 
2 . 3 3 3 - 1 1  
7 . 2  1E-12 
1 .31E-10 
8 . 8 1 3 - 1 2  

7 .30E-09 TOTAL 

PATHWAY RISK SUMMARY 

Pathway 

Selected Individual 
Total Lifetime 

Fatal Cancer Risk 

INGESTION 
INHALATION 
AIR IMMERSION 
GROUND SURFACE 
INTERNAL 
EXTERNAL 

TOTAL 

3 15E-10 
6 . 973-09  
2 0713-14 
1 .13E-11 
7 . 2 9 3 - 0 9  
1 .13E-11 

7 . 303-09 

SUMMARY 
Page 3 
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NUCLIDE RISK SUMMARY 

Selected Individual 
Total Lif e t b e  

Nuclide I Fatal Cancer Risk 

U-238 
TH-234 
PA-234M 
U-234 
TH-230 
RA-226 
PO-218 
PB-2 14 
BI-214 
PO-214 
U-235 
TH-2 3 1 
TC-99 
TH-232 
RA-228 
AC-228 
TH-228 
RA-224 
PO-216 
PB-212 
BI-2 12 
PO-2 12 
TL-208 
PU-239 
NP-237 
PA-233 
PU-238 
CS-137 
BA- 1 3 7M 
SR-90 
Y-90 

TOTAL 

2 14E-09 
4.433-12 
2.93E-17 
1.82E-09 
1.72E-09 
7.37E-10 
2.79E-15 
6.66E- 14 
5.623-14 
O.OOE+OO 
1.58E- 10 
2.683-15 
5.26E-13 
1.46E-10 
2.03E-10 
2.20E-13 
3 09E- 10 
5.243-12 
0.00E+00 
2.38E-13 
2.60E- 14 
O.OOE+OO 
4.80E-16 
1.87E-11 
1.4831-15 
5.13E-19 
2.04E-11 
4.313-13 
1.323-12 
2.023-12 
6.10E-15 

7.303-09 

000465 



Apr 3, 1994 ,6':02..pm: - a  .d , 
. ,  ..I 

INDIVIDUAL EFFECTIVE DOSE EQUIVALENT RATE (mrem/y) 
(All Radionuclides and Pathways) 

SUMMARY 
Page 5 

Distance (m) 

Direction 500 a05 24 15 4025 5635 7245 

N 
NNW 
Nw 

WNW 
W 

wsw 
sw 
ssw 
S 

SSE 
SE 

ESE 
E 

ENE . NE 
2 . 5E-04 
1.7E-04 
1.5E-04 
1 . 8E-04 
3 . 013-04 
3 . 5E-04 
1 . 9E-04 
1 . 6E-04 
1 . 7E-04 
2 . 8E-04 
4.5E-04 
5.6E-04 
6 . 3E-04 
6 . 9E-04 
6 . 7E-04 
4 . 5E-04 

1 . 3E-04 
8.7E-05 
8 . OE-05 
9 . 8E-05 
1 . 6E-04 
1.7E-04 
9.3E-05 
8 . 2E-05 
8 . 6E-05 
1 . 5E-04 
2 . 5E-04 
3 . 1E-04 
3 . 4E-04 
3 . 7E-04 
3 . 513-04 
2 . 3E-04 

2.1E-05 
1 . 413-05 
1.3E-05 
1.6E-05 
2 . 6E-05 
2.913-05 
1.5E-05 
1.4E-05 
1 . 4E-05 
2 . 5E-05 
4 . 3E-05 
5 . 313-05 
5 . 913-05 
6 2E-05 
5 . 813-05 
3 . 9E-05 

9 . 4E-06 
6 . 3E-06 
5 . 7E-06 
7 . 1E-06 
1 . 1E-05 
1.313-05 
6 . 6E-06 
5 . 9E-06 
6 . 3E-06 
1.1E-05 
1 . 8E-05 
2 . 3E-05 
2 . 5E-05 
2.7E-05 
2 . 5E-05 
1 . 7E-05 

5 . 6E-06 
3.713-06 
3.4E-06 
4.1E-06 
6.6E-06 
7 . 5E-06 
3 9E-06 
3 .5E-06 
3 . 7E-06 
6.4E-06 
1 1E-05 
1 3E-05 
1 5E-05 
1.6E-05 
1 . 513-05 
1 OE-05 

3 . 7E-06 
2 . 4E-06 
2 . 2E-06 
2.7E-06 

4.9E-06 
2 . 6E-06 
2 3E-06 
2 . 4E-06 
4-23-06 
6 9E-06 
8.73006 
9 . 7E-06 
1 .OE-05 
9 . 9E-06 
6-73-06 

4 3E-06 

000466 
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INDIVIDUAL LIFETIME RISK (deaths) 
(All Radionuclides and Pathways) 

Distance (m) 

Direction 500 805 2415 4025 5635 7245 

N 
NNW 
Nw 
WNW 

W 
wsw 
sw 
ssw 

S 
SSE 
SE 

ESE 
E 

ENE 
NE 

NNE 

2 . 7E-09 
1 . 8E-09 
1.6E-09 
1.9E-09 
3 . 1E-09 
3 . 7E-09 
2 . OE-09 
1.7E-09 
1.8E-09 
2 . 9E-09 
4 . 7E-09 
5.9E-09 
6 . 7E-09 
7.3E-09 
7 . 1E-09 
4.8E-09 

1.4E-09 
9.2E-10 
8.4E-10 
1 . OE-09 
1.6E-09 
1 . 8E-09 
9.8E-10 
8.6E-10 

1.6E-09 
2.6E-09 
3.311-09 
3.6E-09 
3 . 9E-09 
3.6E-09, 
2.43-09 

9 OE-1.0 

2.2E-10 
1.5E-10 
1.4E-10 
1.7E-10 
2.7E-10 
3.OE-10 
1.6E-10 
1.4E-10 
1.5E-10 
2.6E-10 
4.5E-10 
5 . 6E-10 
6.2E-10 
6.5E-10 
6 . 1E-10 
4.1E-10 

9 . 8E-11 
6.5E-11 
6.OE-11 
7.4E-11 
1.2E-10 
1.3E-10 
6.9E-11 
6.2E-11 
6.5E-11 
1 . 1E-10 
1.9E-10 
2.4E-10 
2 . 6E-10 
2 . 8E-10 
2.6E-10 
1.8E-10 

5.8E-11 
3 . 9E-11 
3.5E-11 
4.3E-11 
6.9E-11 
7.8E-11 
4.OE-11 
3.7E-11 
3.9E-11 
6.7E-11 
1 . 1E-10 
1.4E-10 
1.6E-10 
1.7E-10 
1.6E-10 
1.1E-10 

3.8E-11 
2.5E-11 
2.3E-11 
2.8E-11 
4.4E-11 
5.1E-11 
2.7E-11 
2.4E-11 
2.5E-11 
4.3E-11 
7.2E-11 
9.OE-11 
1.OE-10 
1.1E-10 
1.OE-10 
7i.OE-11 
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Clean Air Act Assessment Package - 1988 

S Y N O P S I S  R E P O R T  

Non-Radon Individual Assessment 
Apr 3, 1994 7:37 pm 

Facility: FEMP 
Address: 7400 Willey Road 

City: Fernald 
State: OH Zip: 45239 

Effective Dose Equivalent 
(mremlyear) 

9.66E-02 

At This Location: 213 Meters Northeast 
Source Category: Five TSS with Plant Wastes Per Yr 

,Source Type: Stack 
Emission Year: 94 

Comments: On-site Worker @ 213, 246, 420, 429, 446, 561, 646 
, 662, 743, 837, 846, and 911 Meters 

Dataset Name: CSFISFONSITWORK 
Dataset Date: Apr 3, 1994 7:37 pm 

Wind File: WNDFILES\FMP8792.WND 

000468 
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MAXIMALLY EXPOSED INDIVIDUAL 

Location Of The Individual: 213 Meters Northeast 
Lifetime Fatal Cancer Risk: 1.263-06 

ORGAN DOSE EQUIVALENT SUMMARY 

Organ 

Dose 
Equivalent 
(=em/Y 1 

GONADS 
BREAST 
R M A R  
LUNGS 
THYROID 
ENDOST 
RMNDR 

EFFEC 

5.583-04 
2.63E-04 
4.993-03 
7.783-01 
1.823-04 
6.13E-02 
1.90E-03 

9 . 663-02 

000469 
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A p r  3, 1994 "7:3!7 pm 

a 
Nuclide 

~ ~ 

U-238 
TH-234 
PA-234M 
U-234 
TH-230 
RA-226 
PO-218 
PB-2 14 
BI-214 
PO-2 14 
U-236 
U-235 
TH-231 
TC-99 
TH-232 
RA-228 6;;: 
PO-216 
PB-212 
BI-212 
PO-212 
TL-208 
U-233 
PU-239 
NP-237 
PA-233 
PU-238 
CS-137 
BA- 13 7M 
SR-90 
Y-90 

Class 

Y 
Y 
Y 
Y 
Y 
Y 
W 
D 
W 
W 
Y 
Y 
Y 
W 
Y 
Y 
Y 
Y 
Y 
W 
I) 
W 
w 
D 
Y 
Y 
Y 
Y 
Y 
D 
D 
Y 
Y 

RADIONUCLIDE EMISSIONS DURING THE YEAR 94 

Size 

3.00 
3.00 
3.00 
3.00 
3.00 
3.00 
3.00 
3.00 
3.00 
3.00 
1.00 
1.00 
1.00 
1.00 
3.00 
3.00 
3.00 
3.00 
3.00 
3.00 
3.00 
3.00 
3.00 
3.00 
1.00 
1.00 
1.00 
1.00 
1.00 
1.00 
1.00 
1.00 
1.00 

Source 
#1 

Ci/y 
TOTAL 
Ci/y 

5.113-05 
5.113-05 
5.1E-05 
5.1E-05 
1.2E-06 
1.6E-07 
1.6E-07 
1.6E-07 
1.613-07 
1.6E-07 
3.313-06 
3.313-06 
3.3E-06 
5.913-06 
1.5E-07 
7.112-08 
7.113-08 
1.413-07 
1 . 4E-07 
1.413-07 
1.4E-07 
1 . 413-07 
9.012-08 
5.2E-08 
1.3E-05 
8.113-07 
6.8E-08 
6.8E-08 
4.113-08 
9.9E-08 
9.9E-08 
5.2E-08 
5.2E-08 

5.1E-05 
5.1E-05 
5 . 1E-05 
5.1E-05 
1.213-06 
1.6E-07 
1.6E-07 
1 . 613-07 
1 . 6E-07 
1.6E-07 
3.3E-06 
3 . 3E-06 
3.3E-06 
5.913-06 
1.5E-07 
7.113-08 
7.113-08 
1 . 4E-07 
1.4E-07 
1.4E-07 
1 . 4E-07 
1.4E-07 
9 . 013-08 
5.213-08 
1 . 3E-05 
8.1E-07 
6.8E-08 
6.8E-08 
4.113-08 
9 . 913-08 
9.913-08 
5.2E-08 
5.213-08 

SITE INFORMATION 

Temperature: 13 degrees C 
Precipitation: 102 cm/y 
Mixing Height: 1000 m 

SYNOPSIS 
Page 2 
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SOURCE INFORMATION 

Source Number: 1 

Stack Height (m): 9.00 
Diameter (m) : 0.00 

Plume Rise 
Buoyant (cal/s): 0.00E+00 

(Heat Release Rate) 

AGRICULTURAL DATA 

Vege t ab1 e Milk Meat 

Fraction Home Produced: 0.000 0.000 0.000 
Fraction From Assessment Area: 0.000 0 . 000 0 . 000 

Fraction Imported: 1.000 1.000 1.000 

Food Arrays were not generated for this run. 
Default Values used. 

DISTANCES USED FOR MAXIMUM INDIVIDUAL ASSESSMENT 

213 246 420 429 446 561 646 662 743 837 
846 911 

000471 
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Version 1.00 

Clean Air Act Assessment Package - 1988 

G E N E R A L  D A T A  

Non-Radon Individual Assessment 
Apr 3, 1994 7:37 pm 

Facility: FEMP 
Address: 7400 Willey Road 

City: Fernald 
State: OH Zip: 45239 

Source Category: Five TSS with Plant Wastes Per Yr 
Source Type: Stack 

Emission Year: 94 

Comments: On-site Worker @ 213, 246, 420, 429, 446, 561, 646 
, 662, 743, 837, 846, and 911 Meters 

Dataset Name: CSFISFONSITWORK 
Dataset Date: Apr 3, 1994 7:37 pm 

Wind File: WNDFILES\FMP8792.WND 
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Page 1 

a VALUES FOR RADIONUCLIDE-DEPENDENT PARAMETERS 

Dry 

Nuclide Class (microns ) (per second) ( m m  
Particle Scavenging Deposition 

Clearance Size Coefficient Velocity 

U-238 
TH-234 
PA-234M 
U-234 
TH-230 
RA-226 
PO-218 
PB-214 
BI-214 
PO-214 
U-236 
U-235 
TH-2 3 1 
TC-99 
TH-232 
RA-228 
AC-228 
TH-228 
RA-224 
PO-216 
PB-212 
BI-212 
PO-212 
TL-208 
U-233 
PU-239 
NP-237 
PA-233 
PU-238 
CS-137 
BA-137M 
SR-90 
Y-90 

Y 
Y 
Y 
Y 
Y 
Y 
W 
D 
W 
W 
Y 
Y 
Y 
W 
Y 
Y 
Y 
Y 
Y 
W 
D 
W 
W 
D 
Y 
Y 
Y 
Y 
Y 
D 
D 
Y 
Y 

3.0 
3.0 
3.0 
3.0 
3.0 
3.0 
3.0 
3.0 
3.0 
3.0 
1.0 
1.0 
1.0 
1.0 
3.0 
3.0 
3.0 
3.0 
3.0 
3.0 
3.0 
3.0 
3.0 
3.0 
1.0 
1.0 
1.0 
1.0 
1.0 
1.0 
1.0 
1.0 
1.0 

1 . 02E-05 
1.02E-05 
1.02E-05 
1.02E-05 
1.02E-05 
1 . 02E-05 
1 . 02E-05 
1 . 02E-05 
1.02E-05 
1 . 02E-05 
1 . 02E-05 
1 . 02E-05 
1 . 02E-05 
1 . 02E-05 
1 . 02E-05 
1 . 02E-05 
1 . 02E-05 
1 . 02E-05 
1 . 02E-05 
1.02E-05 
1.02E-05 
1 . 02E-05 
1 . 02E-05 
1 . 02E-05 
1 . 02E-05 
1 . 02E-05 
1.02E-05 
1 . 02E-05 
1 . 02E-05 
1 . 02E-05 
1 . 02E-05 
1.02E-05 
1 . 02E-05 

1 . 80E-03 
1 . 80E-03 
1 . 80E-03 
1 . 80E-03 
1 . 80E-03 
1 . 80E-03 
1 . 80E-03 
1.80E-03 
1 . 80E-03 
1.80E-03 
1.80E-03 
1 . 80E-03 
1.80E-03 
1.80E-03 
1 . 80E-03 
1.80E-03 
1 . 80E-G2 
1 . 80E-03 
1.80E-03 
1 . 80E-03 
1.80E-03 
1.80E-03 
1 . 80E-03 
1.80E-03 
1 . 80E-03 
1.80E-03 
1.80E-03 
1.80E-03 
1.80E-03 
1.80E-03 
1.80E-03 
1.80E-03 
1.80E-03 

a 
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VALUES FOR RADIONUCLIDE-DEPENDENT PARAMETERS 

DECAY CONSTANT (PER DAY) 
TRANSFER COEFFICIENT 

Radio- 
Nuclide. active ( 1) Surf ace Water Milk (2) Meat (3) 

U-238 
TH-234 
PA- 2 3 4M 
U-234 
TH-230 
RA-226 
PO-218 
PB-2 14 
BI-214 
PO-214 
U-236 
U-235 
TH-231 
TC-99 

RA-224 
. PO-216 
PB-212 
BI-212 
PO-212 
TL-208 
U-233 
PU-239 
NP-237 
PA-233 
PU-238 
CS-137 
BA- 1 3 7M 
SR-90 
Y-90 

O.OOE+OO 
2 . 883-02 
8.53E+02 
O.OOE+OO 
O.OOE+OO 
O.OOE+OO 
3.27E+02 
3.723+01 
5.02E+01 
3 . 66E+08 
O.OOE+OO 
O.OOE+OO 
6.52E-01 
O.OOE+OO 
0 . 00E+00 
0 . 00E+00 
2 . 7 1E+00 
O.OOE+OO 
1 . 91E-0 1 
4 . 10E+05 
1.56E+00 
1.65E+01 
2.01E+ll 
3.27E+02 
O.OOE+OO 
0 . 00E+00 
O.OOE+OO 
2 -573-02 
O.OOE+OO 
0 . 00E+00 
0 00E+00 
2.60E-01 

3.913+02 

5.483-05 
5.48E-05 
5.483-05 
5.483-05 
5.483-05 
5.483-05 
5.483-05 
5.483-05 
5.48E-05 
5 . 483-05 
5.48E-05 
5.483-05 
5 . 483-05 
5.483-05 
5.48E-05 
5.48E-05 
5 . 483-05 
5 -483-05 
5.48E-05 
5.483-05 
5.48E-05 
5.48E-05 
5.483-05 
5 . 4 8E-05 
5.483-05 
5.483-05 
5.483-05 
5.48E-05 
5.483-05 
5.48E-05 
5.48E-05 
5.483-05 
5.483-05 

O.OOE+OO 
O.OOE+OO 
O.OOE+OO 
0,00E+00 
O.OOE+OO 
0 . 00E+00 
O.OOE+OO 
0 . 00E+00 
O.OOE+OO 
0 . 00E+00 
0 . 00E+00 
0 . 00E+00 
O.OOE+OO 
OoOOE+OO 
0 . OOE-tOO 
O.OOE+OO 
O.OOE+OO 
OoOOE+OO 
O.OOE+OO 
O.OOE+OO 
O.OOE+OO 
O.OOE+OO 
O.OOE+OO 
O.OOE+OO 
0 . 00E+00 
O.OOE+OO 
O.OOE+OO 
O000E+00 
O000E+00 
O.OOE+OO 
0.00E+00 
0 . 00E+00 
O.OOE+OO 

6.00E-04 
5 . 00E-06 
5.00E-06 
6.00E-04 
5 . 00E-06 
4 . 50E-04 
3 . 50E-04 
2.50E-04 
5 . 00E-04 
3.503-04 
6.00E-04 
6 . 00E-04 
5.00E-06 
1.OOE-02 
5 . 00E-06 
4 .50E-04 
2 . 00E-05 
5 . 00E-06 
4.50E-04 
3,503-04 
2.50E-04 
5.00E-04 
3 . 50E-04 
2.00E-03 
6 . 00E-04 
1.00E-07 
5 . 00E-06 
5 . 00E-06 
1.00E-07 
7 . 00E-03 
3.503-04 
1.50E-03 
2 . 00E-05 

FOOTNOTES: (1) Effective radioactive decay constant in plume; 
set to zero if less than 1.OE-2 

(2) Fraction of animal’s daily intake of nuclide 
which appears in each L of milk (days/L) 

(3) Fraction of animal’s daily intake of nuclide 
which appears in each kg of meat (days/kg) 

2 . 00E-04 
6.00E-06 
1 . 00E-05 
2.00E-04 
6.00E-06 
2.503-04 
9.503-05 
3 . 00E-04 
4.00E-04 
9.503-05 
2 . 00E-04 
2.00E-04 
6.00E-06 
8.503-03 
6.00E-06 
2.503-04 
2.503-05 
6 . 00E-06 
2.503-04 
9.50E-05 
3 . 00E-04 
4 . 00E-04 
9 . 50E-05 
4 . 00E-02 
2 . 00E-04 
5 . 00E-07 
5.503-05 
1.00E-05 
5.00E-07 
2 . OOE-02 
1.50E-04 
3 . 0013-04 
3 . 00E-04 

.. , . 000474 



Apr 3,., 1994 7:37 pm GENERAL 
-i-- = 54.41, Page 3 
"t- 

o VALUES FOR RADIONUCLIDE-DEPENDENT PARAMETERS 

CONCENTRATION 
UPTAKE FACTOR GI UPTAKE FRACTION 

Nuclide Forage ( 1) Edible (2) Inhalation Ingestion 

U-238 
TH-234 
PA-234M 
U-234 
TH-230 
RA-226 
PO-218 
PB-2 14 
BI-2 14 
PO-214 
U-236 
U-235 
TH-2 3 1 
TC-99 
TH-232 
RA-228 
AC-228 
TH-228 
RA-224 
PO-216 
PB-212 
BI-212 
PO-212 
TL-208 
U-233 
PU-239 
NP-237 
PA-233 
PU-238 
CS-137 
BA-137M 
SR-90 
Y-90 

8.503-03 
8 . 50E-04 
2 . 50E-03 
8.503-03 
8 . 50E-04 
1.50E-02 
2.503-03 
4.50E-02 
3.50E-02 
2.50E-03 
8.503-03 
8.503-03 
8.50E-04 
9.50E+00 
8.50E-04 
1.50E-02 
3.503-03 
8.503-04 
1.50E-02 
2.503-03 
4 . 50E-02 
3,503-02 
2.50E-03 
4.00E-03 
8.503-03 
4 . 50E-04 
1 . OOE-0 1 
2.503-03 
4.50E-04 
8.00E-02 
1.50E-0 1 
2.50E+00 
1.50E-02 

1 . 71E-03 
3.643-05 
1 . 07E-04 
1 . 7 1E-03 
3 . 643-05 
6.423-04 
1 . 7 1E-04 
3 . 853-03 
2.14E-03 
1.71E-04 
1.7 1E-03 
1 . 71E-03 
3 . 643-05 
6.42E-01 
3 . 643-05 
6 . 423-04 
1 . 50E-04 
3 . 643-05 
6.423-04 
1 . 7 1E-04 
3 . 85E-03 
2 . 14E-03 
1.7 1E-04 
1.7113-04 
1.71E-03 
1 . 933-05 
4 . 28E-03 
1 . 07E-04 
1.93E-05 
1.28E-02 
6.423-03 
1 . 07E-0 1 
2 . 573-03 

2 . 00E-03 
2 . 00E-04 
1.00E-03 
2.00E-03 
2 . 00E-04 
2.00E-01 
1.00E-01 
2.00E-01 
5 . 00E-02 
1.00E-01 
2 . 00E-03 
2.00E-03 
2 . 00E-04 
8 . OOE-0 1 
2 . 00E-04 
2 . OOE-0 1 
1.00E-03 
2.00E-04 
2 . OOE-0 1 
1.00E-01 
2.00E-01 
5 . 00E-02 
1.00E-01 
9.50E-0 1 
2.00E-03 
1 . 00E-04 
1.00E-03 
1 . 00E-03 
1.00E-03 
9.50E-0 1 
1 . OOE-0 1 
1 . 00E-02 
1 . 00E-04 

2 . 00E-01 
2 . 00E-04 
1.00E-03 
2.00E-01 
2 . 0013-04 
2.00E-01 
1.00E-01 
2.00E-01 
5 . 00E-02 
1 . OOE-0 1 
2.00E-01 
2 . 00E-01 
2 . 00E-04 
8 . OOE-0 1 
2 . 00E-04 
2.00E-0 
1 . OOE-0 
2 . 00E-01 
1.00E-01 
2.00E-01 
5 . 00E-02 
1.00E-01 
9.5OE-01 
2.00E-01 
1 . 00E-03 
1.00E-03 
1 . 00E-03 
1.00E-03 
9.50E-01 . 

1.00E-01 
3 . 00E-01 
1 . 00E-04 

FOOTNOTES: (1) Concentration factor for uptake of nuclide from soil for 
pasture and forage (in pCi/kg dry weight per pCi/kg dry soil) 

parts of crops (in pCi/kg wet weight per pCi/kg dry soil) 
(2) Concentration factor for uptake of nuclide from soil by edible 

000475 
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DECAY CHAIN INGROWTH FACTORS 

GENERAL 
Page 4 

Nuclide Parent (s) Ingrowth Factor(s) 

BA- 1 3 7M CS-137 3.2093+06 

000476 
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a VALUES FOR RADIONUCLIDE-INDEPENDENT PARAMETERS 

HUMAN INHALATION RATE 
Cubic centimeters/hr 9.17E+05 

SOIL PARAMETERS 
Effective surface density (kg/sq m, dry weight) 

(Assumes 15 cm plow layer) 2 . 15E+02 
BUILDUP TIMES 

For activity in soil (years) 1 . 00E+02 
For radionuclides deposited on ground/water (days) 3 . 65E+04 

DELAY TIMES 
Ingestion of pasture grass by animals (hr) 
Ingestion of stored feed by animals (hr) 
Ingestion of leafy vegetables by man (hr) 
Ingestion of produce by man (hr) 
Transport time from animal feed-milk-man (day) 
T h e  from slaughter to consumption (day) 

WEATHERING 
Removal rate constant for physical loss (per hr) 

CROP EXPOSURE DURATION 
Pasture grass (hr) 
Crops/leafy vegetables (hr) 

0 . 00E+00 
2 . 16E+03 
3 . 36E+02 
3 . 36E+02 
2,00E+00 

2.90E-03 

7.20E+02 
1.443+03 

AGRICULTURAL PRODUCTIVITY 
Grass-cow-milk-man pathway (kg/sq m) 2 . 80E-01 
Produce/leafy veg for human consumption (kg/sq m) 7 . 16E-01 

FALLOUT INTERCEPTION FRACTIONS 
Vegetables 
Pasture 

2.00E-01 
5.70E-01 

GRAZING PARAMETERS 
Fraction of year animals graze on pasture 
Fraction of daily feed that is pasture grass 

4 . 00E-01 
4.30E-01 when animal grazes on pasture 

000477 
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VALUES FOR RADIONUCLIDE-INDEPENDENT PARAMETERS 

ANIMAL FEED CONSUMPTION FACTORS 
Contaminated feed/forage (kg/day, d r y  weight) 1 . 5 6E+O 1 

DAIRY PRODUCTIVITY 
Milk production of cow (L/day) 

MEAT ANIMAL SLAUGHTER PARAMETERS 
Muscle mass of animal at slaughter (kg) 
Fraction of herd slaughtered (per day) 

DECONTAMINATION 
Fraction of radioactivity retained after washing 

for leafy vegetables and produce 

FRACTIONS GROWN IN GARDEN OF INTEREST 
Produce ingested 
Leafy vegetables ingested 

INGESTION RATIOS: 
IMMEDIATE SURROUNDING AREA/TOTAL WITHIN AREA 

Vegetables 
Meat 
Milk 

MINIMUM INGESTION FRACTIONS FROM OUTSIDE AREA 
(Minimum fractions of food types from outside 
area listed below are actual fixed values.) 

Vegetables 
Meat 
Milk 

HUMAN FOOD UTILIZATION FACTORS 
Produce ingestion (kg/y) 
Milk ingestion (L/y) 
Meat ingestion (kg/y) 
Leafy vegetable ingestion (kg/y) 

SWIMMING PARAMETERS 
Fraction of time spent swimming 
Dilution factor for water (cm) 

l.lOE+Ol 

2.00E+02 
3 8113-03 

5 00E-01 

1 00E+00 
1 00E+00 

0 00E+00 
0 . 00E+00 
O000E+00 

1 . 00E+00 
1.00E+00 
l.OOE+OO 

1 . 76E+02 
1 . 12E+02 
8 50E+O 1 
1.80E+01 

0 00E+00 
l000E+00 

000478 
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Version 1.00 

Clean Air Act Assessment Package - 1988 

D O S E  A N D  R I S K  E Q U I V A L E N T  S U M M A R I E S  

Non-Radon Individual Assessment 
Apr 3, 1994 7:37 pm 

Facility: FEMP 
'Address: 7400 Willey Road 

City: Fernald 
State: OH Zip: 45239 

Source Category: Five TSS with Plant Wastes Per Yr 
Source Type: Stack 

Emission Year: 94 

Comments: On-site Worker @ 213, 246, 420, 429, 446, 561, 646 
, 662, 743, 837, 846, and 911 Meters 

Dataset Name: CSFISFONSITWORK 
Dataset Date: Apr 3, 1994 7:37 pm 

Wind File: WNDFILES\FMP8792.WND 

800479 



ORGAN DOSE EQUIVALENT SUMMARY 

Organ 

Selected 
Individual 
(=em/Y 1 

GONADS 
BREAST 
R M A R  
LUNGS 
THYROID 
ENDOST 
RMNDR 

EFFEC 

5.58E-04 
2 . 633-04 
4.993-03 
7.783-01 
1 . 82E-04 
6.13E-02 
1 . 90E-03 
9 . 663-02 

PATHWAY EFFECTIVE DOSE EQUIVALENT SUMMARY 

Pathway 

Selected 
Individual 
(=em/Y 1 

INGEST1 ON 0 . 00E+00 
INHALATION 9 653-02 
AIR IMMERSION 1 . 0313-08 
GROUND SURFACE 1.20E-04 
INTERNAL 9 653-02 
EXTERNAL 1 . 2013-04 
TOTAL 9.663-02 

-. 54.41  
SUMMARY 
Page 1 
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NUCLIDE EFFECTIVE DOSE EQUIVALENT SUMMARY 

Nuclide 

Selected 
Individual 
(Eem/Y 1 

U-238 
TH-234 
PA-234M 
U-234 
TH-230 
RA-226 
PO-218 
PB-214 
BI-214 
PO-214 
U-236 
U-235 
TH-2 3 1 
TC-99 
TH-232 
RA-228 
AC-228 
TH-228 
RA-224 
PO-216 
PB-212 
BI-212 
PO-212 
TL-208 
U-233 
PU-239 
NP-237 
PA-233 
PU-238 
CS-137 
BA- 13 7M 
SR-90 
Y-90 

3.083-02 
1.383-05 
1.743-09 
3.463-02 
1.70E-03 
1.14E-04 
7.00E-11 
2.473-09 
2.363-09 
O.OOE+OO 
4.13E-03 
4.1413-03 
3.37E-08 
4.963-07 
2.973-04 
6 . 15E-05 
3 -4013-08 
1.883-04 
3.853-06 
0.003+00 
2.223-07 
5 . 883-08 
0 . 00E+00 
7 . 33E-10 
1 . 743-02 
2.77E-03 
2 . 18E-04 
1 . 363-08 
1 . 3013-04 
3.07E-08 
5.563-06 
6 . 303-07 
4.90E-09 

TOTAL 9 . 663-02 

000481 
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CANCER RISK SUMMARY 

Cancer 

Selected Individual 
Total Lifetime 

Fatal Cancer Risk 

LEUKEMIA 
BONE 
THYROID 
BREAST 
LUNG 
STOMACH 
BOWEL 
LIVER 
PANCREAS 
URINARY 
OTHER 

TOTAL 

4.38E-09 
2 . 683-09 
6.. 29E-11 
8.483-10 
1.25E-06 
3.243-10 
3.15E-10 . 
4 . 72E-09 
2.04E-.10 
6.72E-10 
2.50E-10 

1.263-06 
I 

PATHWAY RISK SUMMARY 

Pathway 

INGESTION 
INHALATION 
AIR IMMERSION 
GROUND SURFACE 
INTERNAL 
EXTERNAL 

SUMMARY 
Page '3 

Selected Individual 
Total Lif e t h e  

Fatal Cancer Risk 

O.OOE+OO 
1.263-06 
2.403-13 
2.763-09 
1-263-06 
2 . 76E-09 

TOTAL 1.263-06 

000482 
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Version 1.00 

Clean Air Act Assessment Package - 1988 

S Y N O P S I S  R E P O R T  

Non-Radon Individual Assessment 
Apr 3, 1994 7:22 pm 

Facility: F E W  
Address: 7400 Willey Road 

City: Fernald 
State: OH Zip: 45239 

Effective Dose Equivalent 
(mrem/year ) 

4.5513-02 

At This Location: 500 Meters East Northeast 
Source Category: Five TSS with Plant Wastes per Year 

Source Type: Stack 
Emission Year: 1994 

Comments: Off-site Resident at 500m, 005mi, 1.5mi., 2.5mi., 
3.5mi, and 4.5mi. 

Dataset Name: CSFISFOFFSITERES 
Dataset Date: Apr 3, 1994 7:22 pm 

Wind File: WNDFILES\FMP8792.WND 

000483 
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MAXIMALLY EXPOSED INDIVIDUAL 

Location Of The Individual: 500 Meters East Northeast 
Lifethe Fatal Cancer Risk: 5,493-07 

ORGAN DOSE EQUIVALENT SUMMARY 

Organ 

Dose 
Equivalent 
(=em/y 1 

GONADS 
BREAST 
R M A R  
LUNGS 
THYROID 
ENDOST 
RMNDR 

EFFEC 

5 . 4 1E-04 
3.453-04 
8.703-03 
3.18E-01 
4 . 253-04 
1 . 19E-01 
8 . 41E-03 
4 . 553-02 

. . .  

800484 



Apr 3, 1994 

0 
Nuclide 

- 

Class 

U-238 
TH-234 
PA-234M 
U-234 
TH-230 
RA-226 
PO-218 
PB-214 
BI-214 
PO-214 
U-235 
TH-2 3 1 
TC-99 
TH-232 
RA-228 
AC-228 

216 
PB-212 
BI-212 
PO-2 12 
TL-208 
PU-239 
NP-237 
PA-233 
PU-238 
CS-137 
BA-137M 
SR-90 
Y-90 

RADIONUCLIDE EMISSIONS DURING THE YEAR 1994 

Size 

Source 
#1 

Ci/y 
TOTAL 
Ci/y 

Y 
Y 
Y 
Y 
Y 
Y 
W 
D 
W 
.W 
Y 
Y 
W 
Y 
Y 
Y 
Y 
Y 
W 
D 
W 
W 
D 
Y 
Y 
Y 
Y 
D 
D 
Y 
Y 

3.00 
3.00 
3.00 
3.00 
3.00 
3.00 
3.00 
3.00 
3.00 
3.00 
1.00 
1.00 
1.00 
3.00 
3.00 
3.00 
3.00 
3.00 
3.00 
3.00 
3.00 
3.00 
3.00 
1.00 
1.00 
1.00 
1.00 
1.00 
1.00 
1.00 
1.00 

5.1E-05 
5.1E-05 
5 . 1E-05 
5 . 1E-05 
1 . ?E-06 
1.6E-07 
1 . 6E-07 
1.6E-07 
1.6E-07 
1.6E-07 
3.3E-06 
3.3E-06 
5.9E-06 
1.5E-07 
7.1E-08 
7 . 1E-08 
1 . 4E-07 
1.4E-07 
1 . 4E-07 
1.4E-07 
1.4E-07 
9.OE-08 
5.2E-08 
8.1E-07 
6.8E-08 
6.8E-08 
4.1E-08 
9 . 9E-08 
9 . 9E-08 
5.2E-08 
5.2E-08 

5 . 1E-05 
5.113-05 
5 . 1E-05 
5 . 113-05 
1 . 2E-06 
1.6E-07 
1.6E-07 
1 . 613-07 
1 . 6E-07 
1.6E-07 
3 . 3E-06 
3.3E-06 
5 . 9E-06 
1.5E-07 
7.1E-08 
7 . 1E-08 
1 . 4E-07 
1.4E-07 
1 . 4E-07 
1 . 4E-07 
1.413-07 
9 . OE-08 
5.2E-08 
8 . 1E-07 
6.8E-08 
6 . 8E-08 
4 . 1E-08 
9.9E-08 
9 . 9E-08 
5 . 213-08 
5.2E-08 

SITE INFORMATION 

Temperature: 13 degrees C 
Precipitation.: 102 cm/y 
Mixing Height: 1000 m 

SYNOPSIS 
Page 2 
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' SOURCE INFORMATION 

Source Number: 1 

Stack Height (m): 9.00 
Diameter (m) : 0.00 

Plume Rise 
Buoyant (cal/s): O.OOE+OO 

(Heat Release Rate) 

AGRICULTURAL DATA 

Vegetable Milk Meat 

Fraction Home Produced: 1.000 1 . 000 1.000 
0.000 0.000 0.000 
0.000 0 . 000 0 . 000 Fraction From Assessment Area: 

Fraction Imported: 

Food Arrays were not generated for this run. 
Default Values used. 

DISTANCES USED FOR MAXIMUM INDIVIDUAL ASSESSMENT 

500 805 2415 4025 5635 7245 
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C A P 8 8 - P C  

Version 1.00 

Clean Air Act Assessment Package - 1988 

G E N E R A L  D A T A  

Non-Radon Individual Assessment 
Apr 3, 1994 7:22 pm 

Facility: FEMP 
Address: 7400 Willey Road 

City: Fernald 
State: OH Zip: 45239 

Source Category: Five TSS with Plant Wastes per Year 
Source Type: Stack 

Emission Year: 1994 

Comments: Off-site Resident at 500111, 0.5mi, 1.5mi., 2.5mi., 
3.5mi, and 4.5mi. 

Dataset Name: CSFISFOFFSITERES 
Dataset Date: Apr 3, 1994 7:22 pm 

Wind File: WNDFILES\FMP8792.WND 
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Apr 3, 1994’ 7:22 pm GENERAL 
Page 1 

a VALUES FOR RADIONUCLIDE-DEPENDENT PARAMETERS 

D r y  
Particle , Scavenging Deposition 

Clearance Size Coefficient Velocity 
Nuclide Class (microns ) (per second) (m/s) 

U-238 
TH-234 
PA-234M 
U-234 
TH-230 
RA-226 
PO-218 
PB-214 
BI-214 
PO-214 
U-235 
TH-231 
TC-99 
TH-232 
RA-228 
AC-228 
TH-228 
RA-224 
PO-216 
PB-212 
BI-212 
PO-212 
TL-208 
PU-239 
NP-237 
PA-233 
PU-238 
CS-137 
BA-137M 
SR-90 
Y-90 

Y 
Y 
Y 
Y 
Y 
Y 
W 
D 
W 
W 
Y 
Y 
W 
Y 
Y 
Y 
Y 
Y 
W 
D 
w 
W 
D 
Y 
Y 
Y 
Y 
D 
D 
Y 
Y 

3.0 
3.0 
3.0 
3.0 
3.0 
3.0 
3.0 
3.0 
3.0 
3.0 
1.0 
1.0 
1.0 
3.0 
3.0 
3.0 
3.0 
3.0 
3.0 
3.0 
3.0 
3.0 
3.0 
1.0 
1.0 
1.0 
1.0 
1.0 
1.0 
1.0 
1.0 

1.0213-05 
1.0213-05 
1.02E-05 
1.02E-05 
1.02E-05 
1.02E-05 
1.02E-05 
1.02E-05 
1.02E-05 
1 . 0213-05 
1.02E-05 
1 . 02E-05 
1.-02E-05 
1 . 0213-05 
1 . 02E-05 
1.0213-05 
1.02E-05 
1 . 02E-05 
1 . 02E-05 
1 . 02E-05 
1 . 02E-05 
1 . 0233-05 
1 . 0213-05 
1 . 02E-05 
1.0213-05 
1.02E-05 
1.02E-05 
1 . 0213-05 
1 . 0213-05 
1 . 02E-05 
1 . 02E-05 

1 . 80E-03 
1 . 80E-03 
1 . 80E-03 
1 . 80E-03 
1.80E-03 
1 . 80E-03 
1 . 80E-03 
1.80E-03 
1.80E-03 
1.80E-03 
1.80E-03 
1.80E-03 
1 . 80E-03 
1.80E-03 
1.80E-03 

1 . 80E-03 
1.80E-03 
1 . 80E-03 
1 . 80E-03 
1.80E-03 
1.80E-03 
1.80E-03 
1.80E-03 
1.80E-03 
1.80E-03 
1.80E-03 
1.80E-03 
1.80E-03 
1.80E-03 
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VALUES FOR RADIONUCLIDE-DEPENDENT PARAMETERS 

DECAY CONSTANT (PER DAY) 
TRANSFER COEFFICIENT 

Radio- 
Milk (2) Meat (3) Nuclide active (1) Surf ace Water . 

U-238 
TH-234 
PA-234M 
U-234 
TB-230 
RA-226 
PO-218 
PB-2 14 
BI-2 14 
PO-2 14 
U-235 
TH-231 
TC-99 
TH-232 

&!Z! 
RA-224 
PO-216 
PB-212 
BI-212 
PO-212 
TL-208 
PU-239 
NP-237 
PA-233 
PU-238 
CS-137 
BA-137M 
SR-90 
Y-90 

FOOTNOTES: (1 

(2 

(3 

O.OOE+OO 
2.883-02 
8.53E+02 
0 . 00E+00 
O.OOE+OO 
O000E+00 
3.27E+02 
3.72E+O 1 
5.02E+01 
3 . 66E+08 
0 . 00E+00 
6.5213-01 
O.OOE+OO 
O.OOE+OO 
O.OOE+OO 
2.71E+OO 
0 . 00E+00 
1.91E-01 
4 . 10E+05 
1.56E+00 
1.65E+01 
2.01E+ll 
3.27E+02 
O.OOE+OO 
0 . 00E+00 
2.57E-02 
0 . 00E+00 
0 . 00E+00 
0 . 00E+00 
2 60E-01 

3.913+02 

5.483-05 
5.483-05 
5.4831-05 
5.483-05 
5 . 483-05 
5 . 483-05 
5.483-05 
5.48E-05 
5.48E-05 
5.483-05 
5.483-05 
5.48E-05 
5.48E-05 
5.483-05 
5.483-05 
5.483-05 
5 . 483-05 
5.48E-05 
5.483-05 
5.483-05 
5.48E-05 
5.483-05 
5.483-05 
5.4 8E-05 
5.48E-05 
5 -483-05 
5.483-05 
5.483-05 
5.483-05 
5.483-05 
5.48E-05 

0 . 00E+00 
0 . 00E+00 
O.OOE+OO 
0 . 00E+00 
0 . 00E+00 
0 . 00E+00 
O000E+00 
0.003+00 
O.OOE+OO 
O.OOE+OO 
O.OOE+OO 
O.OOE+OO 
O.OOE+OO 
0 . 00E+00 
O000E+00 
0 . 00E+00 
0 . 00E+00 
0 . 00E+00 
0 . 00E+00 
O.OOE+OO 

O.OOE+OO 
O.OOE+OO 
O.OOE+OO 
O.OOE+OO 
0 . 00E+00 
O.OOE+OO 
O.OOE+OO 
O.O.OE+OO 
O.OOE+OO 
O.OOE+OO 

O.OOE+OO a 

6.00E-04 
5.003-06 
5.00E-06 
6 . 00E-04 
5 . 00E-06 
4.503-04 
3.50E-04 
2 . 50E-04 
5 . 00E-04 
3 . 50E-04 
6.00E-04 
5.00E-06 
1.00E-02 
5 . 00E-06 
4.50E-04 
2.00E-05 
5.00E-06 
4 . 50E-04 
3.50E-04 
2.503-04 
5 . 00E-04 
3,503-04 
2 . 00E-03 
1.00E-07 
5 . 0013-06 
5.00E-06 
1 . 00E-07 
7.00E-03 
3 . 50E-04 
1.50E-03 
2.00E-05 

Effective radioactive decay constant in plume; 
set to zero if less than 1.OE-2 

Fraction of animal's daily intake of nuclide 
which appears in each L of milk (days/L) 

Fraction of animal's daily intake of nuclide 
which appears in each kg of meat (days/kg) 

2 . 00E-04 
6.00E-06 
1.00E-05 
2.00E-04 
6 00E-06 
2 . 50E-04 
9.503-05 
3 . 00E-04 
4 00E-04 
9 . 5011-05 
2 00E-04 
6.00E-06 
8.50E-03 
6.00E-06 
2 .50E-04 
2 5013-05 
6 00E-06 
2.50E-04 
9.503-05 
3 . 00E-04 
4 00E-04 
9.50E-05 
4.00E-02 
5 . 0013-07 
5.50E-05 
1 00E-05 
5.00E-07 
2 . OOE-02 
1 . 50E-04 
3.00E-04 
3 . 00E-04 
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GENERAL 
Page 3 

a VALUES FOR RADIONUCLIDE-DEPENDENT PARAMETERS 

CONCENTRATION 
UPTAKE FACTOR GI UPTAKE FRACTION 

Nuclide Forage ( 1) Edible (2) Inhalation Ingestion 

U-238 
TH-234 
PA-234M 
U-234 
TH-230 . 
RA-226 
PO-218 
PB-2 14 
BI-214 
PO-214 
U-235 
TH-2 3 1 
TC-99 
TH-232 
RA-228 
AC-228 
TH-228 
RA-224 
PO-2 16 
PB-2 12 
BI-212 
PO-212 
TL-208 
PU-2 3 9 
NP-237 
PA-233 
PU-238 
CS-137 
BA- 1 3 7M 
SR-90 
Y-90 

8.50E-03 
8.50E-04 
2.5031-03 , 

8.503-03 
8.5013-04 
1.50E-02 
2.50E-03 
4.503-02 
3.50E-02 
2.50E-03 
8.503-03 
8.503-04 

8.50E-04 
1.50E-021 
3.503-03 
8.503-04 
1.50E-02 
2.5OE-03 
4.503-02 
3.50E-02 
2.503-03 
4.00E-03 
4 -50E-04 
1.OOE-01 
2.50E-03 
4 -50E-04 
8 . 00E-02 
1.5013-01 
2.50E+00 
1.50E-02 

9.50E+00 

1.7 1E-03 
3 . 643-05 
1 . 07E-04 
1.7 1E-03 
3.643-05 
6 . 423-04 
1.7113-04 
3.853-03 
2 . 14E-03 
1 . 71E-04 
1.7 1E-03 
3 . 643-05 
6 . 42E-01 
3 . 643-05 
6 . 423-04 
1.50E-04 
3 . 643-05 
6 . 423-04 
1.71E-04 
3 . 853-03 
2.14E-03 
1.71E-04 
1.71E-04 
1.93E-05 
4.283-03 
1.0713-04 
1 . 933-05 
1.283-02 
6.423-03 
1.0713-01 
2.57E-03 

2.00E-03 
2 . 00E-04 
1.00E-03 
2.00E-03 
2.00E-04 
2.00E-01 
1.OOE-0 1 
2.00E-01 
5.00E-02 
1.00E-01 
2.00E-03 
2.00E-04 
8 . OOE-0 1 
2 . 00E-04 
2 . OOE-0 1 
1 . 00E-03 
2 . 00E-04 
2.00E-01 
1 . OOE-0 1 
2 . OOE-0 1 
5.00E-02 
1.OOE-0 1 
9.5013-0 1 
1.00E-04 
1.00E-03 
1 . 00E-03 
1.00E-03 
9.50E-0 1 
1.00E-01 
1.00E-02 
1.00E-04 

2 . 00E-01 
2.00E-04 
1.00E-03 
2.00E-01 
2.00E-04 
2.00E-01 
1.00E-01 
2 . 00E-01 
5 . 00E-02 
1.0OE-01 
2.00E-01 
2 . 00E-04 
8.00E-01 
2 . 00E-04 
2 . OOE-0 
2 . OOE-0 f 
1.00E-01 
2 . 00E-01 
5.00E-02 
1.OOE-01 
9 . 50E-0 1 
1 . 00E-03 
1 . 00E-03 
1.00E-03 
1.00E-03 
9.50E-01 
1.00E-01 
3 . 00E-01 
1.0013-04 

. FOOTNOTES: (1) Concentration factor for uptake of nuclide from soil for 
pasture and forage (in pCi/kg dry weight per pCi/kg dry s o i l )  

(2) Concentration factor for uptake of nuclide from soil by edible 
parts of crops (in pCi/kg wet weight per pCi/kg dry soil) 
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DECAY CHAIN INGROWTH FACTORS 

Nuclide Parent ( s) Ingrowth Factor(s) 

BA-137M CS-137 3.2093+06 
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VALUES FOR RADIONUCLIDE-INDEPENDENT PARAMETERS 

HUMAN INHALATION RATE 
Cubic centimeters/hr 

SOIL PARAMETERS 
Effective surface density (kg/sq m, dry weight) 

(Assumes 15 cm plow layer) 

BUILDUP TIMES 
For activity in soil (years) 
For radionuclides .deposited on ground/water (days) 

DELAY TIMES 
Ingestion,of pasture grass by animals (hr) 
Ingestion of stored feed by animals (hr) 
Ingestion of leafy vegetables by man (hr) 
Ingestion of produce by man (hr) 
Transport time from animal feed-milk-man (day) 
T h e  from slaughter to consumption (day) 

WEATHERING 
Removal rate constant for physical loss (per hr) 

CROP EXPOSURE DURATION 
Pasture grass (hr) 
Crops/leafy vegetables (hr) 

9 . 17E+05 

2 . 15E+02 

1 . 00E+02 
3 . 65E+04 

O.OOE+OO 
2.16E+03 
3 . 36E+02 
3 . 36E+02 
2.00E+00 

2 90E-03 

7.20E+02 
1.443+03 

AGRICULTURAL PRODUCTIVITY 
Grass-cow-milk-man pathway (kg/sq m) 2.80E-01 
Produce/leafy veg for human consumption (kg/sq m) 7 . 16E-01 

FALLOUT INTERCEPTION FRACTIONS 
Vegetables 
Pasture 

GRAZING PARAMETERS 
Fraction of year animals graze on pasture 
Fraction of daily feed that is pasture grass 

when animal grazes on pasture 

2.00E-01 
5 . 70E-01 

4 . 00E-01 
4 30E-0 1 
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VALUES FOR RADIONUCLIDE-INDEPENDENT 

GENERAL 
Page 6 

PARAMETERS 

ANIMAL FEED CONSUMPTION FACTORS 
Contaminated feed/forage (kg/day, dry weight) 

DAIRY PRODUCTIVITY 
Milk production of cow (L/day) 

MEAT ANIMAL SLAUGHTER PARAMETERS 
Muscle mass of animal at slaughter (kg) 
Fraction of herd slaughtered (per day) 

DECONTAMINATION 
Fraction of radioactivity retained after washing 

for leafy vegetables and produce 

FRACTIONS GROWN IN GARDEN OF INTEREST 
Produce ingested 
Leafy vegetables ingested 

INGESTION' RATIOS : 
IMMEDIATE SURROUNDING AREA/TOTAL WITHIN AREA 

Vegetables 
Meat 
Milk 

MINIMUM INGESTION FRACTIONS FROM OUTSIDE AREA 
(Minimum fractions of food types from outside 
area listed below are actual fixed values.) 

Vegetables 
Meat 
Milk 

HUMAN FOOD UTILIZATION FACTORS 
Produce ingestion (kg/y) 
Milk ingestion (L/y) 
Meat ingestion (kg/y) 
Leafy vegetable ingestion (kg/y) 

SWIMMING PARAMETERS 
Fraction of time spent swimming 
Dilution factor for water (cm) 

1.56E+01 

l.lOE+Ol 

2 . 00E+02 
3.813-03 

5.00E-01 

l.OOE+OO 
1 . 00E+00 

1 . 00E+00 
1.00E+00 
l000E+00 

1.763+02 
1 . 12E+02 
8 . 50E+O 1 
1 . 80E+O 1 

0 . 00E+00 
1 . 00E+00 
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C A P 8 8 - P C  

Version 1.00 

Clean Air Act Assessment Package - 1988 

D O S E  A N D  R I S K  E Q U I V A L E N T  S U M M A R I E S  

Non-Radon Individual Assessment 
Apr 3, 1994 7:22 pm 

Facility: F E W  
Address: 7400 Willey Road 

City: Fernald 
State: OH Zip: 45239 

Source Category: Five TSS with Plant Wastes per Year 
Source Type: Stack 

Emission Year: 1994 

Comments: Off-site Resident at 500m, 0.5mi, 1.5mi., 2.5mi., 
3.5mi, and 4.5mi. 

Dataset Name: CSFISFOFFSITERES 
Dataset Date: Apr 3, 1994 7:22 pm 

Wind File: WNDFILES\FMP8792.WND 
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ORGAN DOSE EQUIVALENT SUMMARY 

Organ 

Selected 
Individual 
(=em/y 1 

GONADS 
BREAST 
R M A R  
LUNGS 
THYROID 
ENDOST 
RMNDR 

5 . 41E-04 
3 . 453-04 
8.703-03 
3 . 18E-01 
4 . 253-04 
1.19E-01 
8 . 41E-03 

EFFEC 4.553-02 

PATHWAY EFFECTIVE DOSE EQUIVALENT SUMMARY 

Pathway 

Selected 
Individual 
(=em/Y 1 

INGESTION 
INHALATION 
AIR IMMERSION 
GROUND SURFACE 
INTERNAL 
EXTERNAL 

TOTAL 

5 683-03 
3 98E-02 

6 08E-05 
4.553-02 
6.08E-05 

4.493-09 

4.55E-02 

SUMMARY 
Page 1 
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Apr 3, 1994 7:22 pm 

NUCLIDE EFFECTIVE DOSE EQUIVALENT SUMMARY 

Nuclide 

Selected 
Individual 
(=em/Y 1 

U-238 
TH-234 
PA- 2 3 4M 
U-234 
TH-230 
RA-226 
PO-218 
PB-214 
BI-214 
PO-2 14 
U-235 
TH-231 
TC-99 
TH-232 
RA-228 
AC-228 
TH-228 
RA-224 
PO-216 
PB-212 
BI-212 
PO-212 
TL-208 
PU-239 
NP-237 
PA-233 
PU-238 
CS-137 
BA- 1 3 7M 
SR-90 
Y-90 

1.883-02 
2 . 223-05 
1.67E-10 
2.11E-02 
9.323-04 
7 . 10E-05 
1.22E-11 
1.13E-09 
1 . 03E-09 
O.OOE+OO 
2.363-03 
1.783-08 
3 . 03E-05 
1.61E-04 
3.50E-05 
1.783-08 
1 . 0 1E-04 
2.09E-06 
O.OOE+OO 
1.17E-07 
2 . 923-08 
O.OOE+OO 
1.28E-10 
1.633-03 
1.30E-04 
1.283-08 
7 . 623-05 
8 . 583-07 
2 . 86E-06 
1 . 543-06 
2 . 743-09 

TOTAL 4 . 553-02 

SUMMARY 
Page 2 
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Cancer 

CANCER RISK SUMMARY 

Selected Individual 
Total Lif e t h e  

Fatal Cancer Risk 

LEUKEMIA 
BONE 
THYROID 
BREAST 
LUNG 
STOMACH 
BOWEL 
LIVER 
PANCREAS 
URINARY 
OTHER 

9 . 03E-09 
5 . 983-09 
1.25E-10 
7.473-10 
5.llE-07 
1.30E-09 
8 07E-10 
3.253-09 
3.06E-10 
1 . 60E-08 
3 . 74E-10 

TOTAL 5 4 9E-07 

PATHWAY RISK SUMMARY 

Selected Individual 
Total Lifetime 

Pathway Fatal Cancer Risk 

INGEST1 ON 
INHALATION 
AIR IMMERSION 
GROUND SURFACE 
INTERNAL 
EXTERNAL 

3 .‘08E-08 
5 . 17E-07 
1.04E-13 
1.41E-09 
5.473-07 
1.4 1E-09 

TOTAL 5.493-07 

--• f. 54-43 
SUMMARY 
Page 3 
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Nuclide 

U-238 
TH-234 
PA-234M 
U-234 
TH-230 
RA-226 
PO-218 
PB-214 
BI-214 
PO-214 
U-235 
TH-231 
TC-99 
TH-232 
RA-228 
AC-228 
TH-228 
RA-224 
PO-216 
PB-212 
BI-212 
PO-2 12 
TL-208 
PU-239 
NP-237 
PA-233 
PU-238 
CS-137 
BA-137M 
SR-90 
Y-90 

NUCLIDE RISK SUMMARY 

Selected Individual 
Total Lifetime 

Fatal Cancer Risk 

2.333-07 
4.81E-10 
3.18E-15 
2.583-07 
7.14E-09 
8.423-10 
3.19E-15 
7.61E-14 
6.423-14 
O.OOE+OO 
3.073-08 
5.203-13 
1.llE-09 
8.763-10 
3.2 1E-10 
3.463-13 
1.97E-09 
3.33E-11 
O.OOE+OO 
1.523-12 
1.663-13 
0.003+00 
3.12E-15 
1.273-08 
1.01E-09 
3.493-13 
6.45E-10 
2.24E-11 
6.86E-11 
3.10E-11 
9.33E-14 

TOTAL 5.493-07 
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INDIVIDUAL EFFECTIVE DOSE EQUIVALENT RATE (mrem/y) 
(All Radionuclides and Pathways) 

Distance (m) 

Direction 500 805 2415 4025 5635 7245 

N 
NNW 
Nw 
WNW 

W 
wsw 
sw 
ssw 
S 

SSE 
SE 

ESE 
E 

ENE 0 2: 

1 . 7E-02 
1 . 1E-02 
1 . OE-02 
1.2E-02 
1 . 9E-02 
2.3E-02 
1.2E-02 
1 . 1E-02 
l.lE-02 
1 . 8E-02 
2 . 9E-02 
3 . 7E-02 
4.2E-02 
4 . 6E-02 
4 . 4E-02 
3 . OE-02 

8 . 5E-03 
5.7E-03 
5 . 2E-03 
6.5E-03 
1.OE-02 
1.1E-02 
6.1E-03 
5.4E-03 
5 . 6E-03 
9 . 8E-03 
1 . 6E-02 
2 . OE-02 
2 . 3E-02 
2.4E-02 
2.3E-02 
1.5E-02 

1.4E-03 
9 . 5E-04 
8 . 8E-04 
1 . 1E-03 
1 . 7E-03 
1.9E-03 
1.OE-03 
9 . OE-04 
9 . 5E-04 
1.7E-03 
2 . 8E-03 
3.5E-03 
3 . 9E-03 
4 . 1E-03 
3 . 8E-03 
2 . 6E-03 

6 . 2E-04 
4 . 2E-04 
3.8E-04 
4.7E-04 
7 . 5E-04 
8.3E-04 
4 . 4E-04 
3 . 9E-04 
4 1E-04 
7.2E-04 
1.2E-03 
1.5E-03 
1 . 7E-03 
1 . 8E-03 
1 . 7E-03 
1 . 1E-03 

3 . 7E-04 
2.5E-04 
2.2E-04 
2 . 7E-04 
4 . 4E-04 
5 . OE-04 
2 . 6E-04 
2 . 3E-04 
2 . 5E-04 
4.2E-04 
7 . 1E-04 
8 . 9E-04 
9 . 9E-04 
l.lE-03 
1 . OE-03 
6 . 7E-04 

2.5E-04 
1.6E-04 
1 . 4E-04 
1 . 8E-04 
2 . 8E-04 
3 . 3E-04 
1 . 7E-04 
1.5E-04 
1 . 6E-04 
2 . 8E-04 
4 . 6E-04 
5 . 8E-04 
6 . 4E-04 
6 . 9E-04 
6 . 6E-04 
4.5E-04 

000499 
. .. . .  
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INDIVIDUAL LIFETIME RISK (deaths) 
(All Radionuclides and Pathways) 

Distance (m) 

Direction 500 805 2415 4025 5635 7245 

N 
NNW 
NW 
WNW 
W 

wsw 
sw 
ssw 
S 

SSE 
SE 

ESE 
E 

ENE 
NE 
NNE 

--. 

2 . OE-07 
1.4E-07 
1 . 2E-07 
1 . 5E-07 
2 . 3E-07 
2.8E-07 
1 . 5E-07 
1 . 3E-07 
1.3E-07 
2 . 2E-07 
3.5E-07 
4.4E-07 
5 . OE-07 
5 . 5E-07 
5 . 3E-07 
3 . 6E-07 

1.OE-07 
6 . 9E-08 
6 . 3E-08 
7.8E-08 
1.2E-07 
1.4E-07 
7.3E-08 
6.5E-08 
6.8E-08 
1.2E-07 
2.OE-07 
2.5E-07 
2 . 7E-07 
2.9E-07 
2 . 7E-07 
1.8E-07 

1.7E-08 
1.1E-08 
1.OE-08 
1.3E-08 
2 . 1E-08 
2.3E-08 
1.2E-08 
1.1E-08 
1.1E-08 
2 . OE-08 
3.4E-08 
4.2E-08 
4.6E-08 
4 . 9E-08 
4.6E-08 
3.1E-08 

7.4E-09 
4 . 9E-09 
4 5E-09 
5.6E-09 
8 . 9E-09 
9 . 9E-09 
5 . 2E-09 
4.7E-09 
4.9E-09 
8.5E-09 
1.4E-08 
1 . 8E-08 
2 . OE-08 
2 . 1E-08 
2 . OE-08 
1 . 3E-08 

4.4E-09 
2 . 9E-09 
2 . 6E-09 
3.2E-09 
5.2E-09 
5.9E-09 
3.1E-09 
2.8E-09 
2 . 9E-09 
5.OE-09 
8 . 4E-09 
1 . 1E-08 
1.2E-08 
1 . 2E-08 
1 . 2E-08 
7.9E-09 

2.9E-09 
1.9E-09 
1 . 7E-09 
2 . 1E-09 
3 .4E-09 
3.9E-09 
2.OE-09 
1.8E-09 
1.9E-09 
3.3E-09 
5 . 4E-09 
6.8E-09 
7 . 6E-09 
8 . 1E-09 
7.8E-09 
5.3E-09 

000500 

. . 




