
89 4-403.1 

PRELIMINARY SAFETY ANALYSIS REPORT FOR OPERABLE UNIT 4 
REVISION 0 

0411 9194 

FEMP-2337 
FERMCO/PARSONS DOE-FN 
100 
REPORT 



0 8 9  
FEMP-2337 

Revision 0 

Preliminary Safety Analysis Report 
for Operable Unit 4 

Prepared by 

The Fernald Environmental Restoration Management Corporation 
Under Contract No. DE-AC05-920R21972 

with the United States Department of Energy 

and 

PARSONS 
Under Subcontract No. 2-21487 

April 1994 

000001 



n 

Prehminary Safety Analysis Report 
for Operable Unit 4 

8 9  

FEW-2337 ' 
Rnnnw 0 

FERNALD ENVIRONMENTAL MANAGEMENT PROJECT 

Fernald Environmental Restoration Management Corporation 
P.O. Box 398704 . 

m. Oh10 45239-8704 . .  

000002 



FEhlP-2357 
Revision 0 

Preliminary Safety Analysis Report 
for Operable Unit 4 

Prepared By: . 

kchard Zieminslu, PARSONS. Projea Manager Date 

e 

Approved By: 

/ 
ETR. Schrmdt, FERMCO, Manager, Safety Analysis Department Date 

K.L. Alkerna. FERMCO, Vice President, Regulatory Programs Division Date 

D. Paine, FERMCO, Vice President. Environmental Safety and Heal'th // Sate ' 

&*. W.S. Pickles, FERMCO, CRU-4 Roj& Director Date 

S. Cossell, FERMCO, Chatrman. Independent Safety Review Commin.ee Dare 

ERAFS l\VOLl:RSA.F'PSUSDATA . 
0Ul\po-85\psAR-0 '\COVER.TOC 

000003 



8 9  
, FEMP-2337 

Revision 0 

Preliminary Safety Analysis Report 
for Operable Unit 4 

Prepared by 

The Fernald Environmental Restoration Management Corporation 
Under Contract No. DE-AC05-920R21972 

with the United States Department of Energy 

and 

PARSONS 
Under Subcontract No. 2-21487 

April 1994 

000004 



FEMP-2337 
Revision 0 

Preliminary Safety Analysis Report 
for Operable Unit 4 

AUTHORIZED BY: 
Don Ofte, President Date 

FERNALD ENVIRONMENTAL MANAGEMENT PROJECT 

Fernald Environmental Restoration Management Corporation 
P.O. Box 398704 

Cincinnati, Ohio 45239-8704 

000805 



8 9  
FEMP-2337 

Revision 0 

DISCLAIMER 

This report was prepared in an account of work sponsored by an agency/Department of the 
United States Government. Neither the United States Government nor any agency/Department 
thereof, nor any of their employees, nor any of its contractors, subcontractors nor their 
employees, makes any warranty, express or implied, or assumes any legal liability or 
responsibility for the accuracy, completeness, or usefulness of any information, apparatus, 
product, or process disclosed, or represents that its use would not infringe upon privately 
owned rights. Reference herein to any specific commercial product, process, or service by 
trade name, trademark, manufacturer, or otherwise, does not constitute or imply its 
endorsement, recommendation, or favoring by the United States Government or any 
agency/Depamnent thereof. The views and opinions of authors expressed herein do not state 
or reflect those of the United States Government, any agency/Department thereof, or its 
contractors. 

000006 



P 

Preliminary Safety Analysis Report 
for Operable Unit 4 

Prepared By: 

8 9  
FEMP-2337 

Revision 0 

__ ~~ ~ 

Richard Zieminski, PARSONS, Project Manager Date 

Approved By: 

E.R. Schmidt, FERMCO, Manager, Safety Analysis Department Date 

K.L. Alkema, FERMCO, Vice President, Regulatory Programs Division Date 

D. Paine, FERMCO, Vice President, Environmental Safety and Health Date 

W.S. Pickles, FERMCO, CRU-4 Project Director Date 

S. Cossell, FERMCO, Chairman, Independent Safety Review Committee Date 

ERAFSl \VOLI :RSAPPSWSDATA 

OU-4\PO-85\PSAR4D\COVER.TOO 1/12/95 

000007 



m 

Preliminary Safety Analysis Report 
for Operable Unit 4 

Executive Summary . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  ES- 1 

SECTION 

1.0 Introduction . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1-1 
1 . 1  Facility Overview . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1-4 
1.2 Prime Contractors . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1-10 
1.3 Facility Life Cycle . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1-12 
1.4 Graded Approach . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1-12 
1.5 PSAR Organization . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1-15 
1.6 Items Requiring Further Development . . . . . . . . . . . . . . . . . . . . . . . . . .  1-15 
1.7 References . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1-18 

2.0 Applicable Statutes. Rules. Regulations. and DOE Orders . . . . . . . . . . . . . . . . . .  2-1 
2.1 Existing Facilities . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  2-1 
2.2 New Facilities . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  2-1 
2.3 References . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  2-6 

3.0 Principal Health and Safety Criteria . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  3-1 
3.1 Natural Phenomena Hazards . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  3-2 
3.2 Nuclear Criticality Prevention Criteria . . . . . . . . . . . . . . . . . . . . . . . . . . .  3-3 
3.3 Radiological Protection Criteria . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  3-3 
3.4 Hazardous Material Protection Criteria . . . . . . . . . . . . . . . . . . . . . . . . . . .  3-3 
3.5 Industrial Hazards Protection Criteria . . . . . . . . . . . . . . . . . . . . . . . . . . . .  3-3 
3.6 Fire and Explosion Protection Criteria . . . . . . . . . . . . . . . . . . . . . . . . . . .  3-3 
3.7 Environmental Protection Criteria . . . . . . . .  : . . . . . . . . . . . . . . . . . . . . .  3-4 
3.8 Structures, Systems, and Components . . . . . . . . . . . . . . . . . . . . . . . . . . . .  3-4 
3.9 References . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  3-5 

4.0 Human Factors . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  4-1 
4.1 Graded Approach . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  4-1 
4.2 Human Factors Analysis . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  4-1 
4.3 Project Human Factors Requirements . . . . . . . . . . . . . . . . . . . . . . . . . . . .  4-1 
4.4 References . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  4-3 

ERAFS 1 \VOLI :RSAPPSWSDATA\ 
OU-4\PO-85\PSARO\TOC -I- I / 1211 995 

000008 



CONTENTS (Continued) 

5.0 . Site Characteristics . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  5-1 
5.1 Location . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  5-1 
5.2 Infrastructure . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  5-1 
5.3 Controlled Areas . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  5-1 
5.4 Natural Phenomena and External Events . . . . . . . . . . . . . . . . . . . . . . . . . .  5-1 
5.5 Physical Characteristics . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  5-1 
5.6 Previous Environmental Assessments . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  5-2 
5.7 References . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  5-2 

6.0 Facility Description and Operation . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  6-1 
6.1 Existing Buildings and Structures . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  6-3 
6.2 New Buildings and Structures . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  6-14 
6.3 Operating Systems . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  6-16 
6.4 Support Systems . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  6-27 
6.5 Safety-Significant Structures. Systems. and Components . . . . . . . . . . . . . . .  6-34 
6.6 References . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  6-35 

7.0 Codes and Standards . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  7-1 
7.1 Existing Facilities . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  7-1 
7.2 New Facilities . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  7-1 
7.3 References . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  7-3 

8.0 HazardAnalysis . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  8-1 
8.1 Hazard Analysis for Segment "M" (K-65 Silos) . . . . . . . . . . . . . . . . . . . . .  8-5 
8.2 Hazard Analysis for Segment 'IN" (Silo 3) . . . . . . . . . . . . . . . . . . . . . . . .  8-16 
8.3 Hazard Analysis for Segment "0" (Vitrification Pilot Plant) . . . . . . . . . . . . .  8-25 
8.4 Final Hazard Categorization of Segments M. N. and 0 . . . . . . . . . . . . . . . .  8-39 
8.5 References . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  8-42 

9.0 Analysis of Normal. Abnormal. and Accident Operations . . . . . . . . . . . . . . . . . .  9-1 
9.1 Methodology . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  9-1 
9.2 Grading . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  9-5 
9.3 Classification of Analysis for Each Event . . . . . . . . . . . . . . . . . . . . . . . .  9-11 
9.4 Accident Scenarios . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  9-11 
9.5 EBAIDBA Conditions and Performance Criteria . . . . . . . . . . . . . . . . . . . .  9-30 
9.6 Normal Operations . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  9-31 
9.7 Summary and Conclusions . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  9-42 
9.8 References . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  9-49 

ERAFSl\VOLI :RSAPPSWDATA\ 
OU4\PO-85\PSAR-O\TOC 

.. 
41- 1 / 121 1995 

000009 



8 9  

CONTENTS (Continued) 

10.0 Inadvertent Criticality Protection . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  10-1 
10.1 References . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  10-1 

11.0 Radiation Protection . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  11-1 
11.1 Requirements . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  11-1 
1 1.2 Policy and Program . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  11-1 
11.3 References . . . . . .  : . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  11-1 

12.0 Hazardous Material Protection . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  12-1 
12.1 Requirements . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  12-1 
12.2 Chemical ALAR4 Policy and Program . . . . . . . . . . . . . . . . . . . . . . . . . .  12-1 
12.3 References . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  12-2 

13.0 Radioactive and Hazardous Material Waste Management . . . . . . . . . . . . . . . . .  13-1 
13.1 Requirements . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  13-1 
13.2 Waste Forms and Quantities . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  13-1 
13.3 Waste Management Process . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  13-2 
13.4 References . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  13-2 

14.0 Quality Assurance . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  14-1 
14.1 Requirements . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  14-1 
14.2 Assessment . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  14-1 
14.3 Procedure . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  14-2 
14.4 References . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  14-2 

15.0 Conduct of Operations . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  15-1 
15.1 Policies and Procedures . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  15-1 
15.2 References . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  15-1 

16.0 Emergency Preparedness . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  16-1 
16.1 Requirements . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  16-1 
16.2 Objectives . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  16-1 
16.3 Functional Responsibilities . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  16-1 
16.4 Event Assessment . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  16-2 
16.5 Event Categorization . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  16-2 
16.6 Event Notification . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  16-3 
16.7 Facilities and Equipment . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  16-3 
16.8 Training 16-3 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

ERAFSl\VOLl :RSAPPS\RSDATA\ 
OU-4\P0-85\PSAR-O\TOC ... 

-111- I /12/1995 



. . -. Q 
.? . . f :  

CONTENTS (Continued) 

16.9 Recovery . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  16-3 
16.10 References . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  16-3 

17.0 Management, Organization. and the Institutional Safety Provisions . . . . . . . . . . .  17-1 
17.1 Contractor Organization . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  17-1 
17.2 Institutional Safety . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  17-3 
17.3 Occurrence Evaluation . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  17-3 
17.4 Staffing. Training. and Qualifications . . . . . . . . . . . . . . . . . . . . . . . . . . .  1 7 4  
17.5 References . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  17-4 

18.0 Procedures And Training . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  18-1 
18.1 Requirements . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  18-1 
18.2 Procedures . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  18-1 
18.3 Training . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  18-6 
18.4 References . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  18-8 

19.0 Initial Testing. In-Service Surveillance. and Maintenance . . . . . . . . . . . . . . . . .  19-1 

19.2 Testing . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  19-1 
19.3 Surveillance Testing and In-Service Inspection . . . . . . . . . . . . . . . . . . . .  19- 1 1 
19.4 Maintenance . . . . . . . .  ; . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  19- 1 1 
19.5 References . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  19-12 

19.1 Requirements . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  19-1 

20.0 Derivation of Technical Safety Requirements . . . . . . . . . . . . . . . . . . . . . . . . .  20-1 

20.2 Discussion of Existing OSRs . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  20-2 
20.1 Requirements . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  20-1 

20.3 References . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  20-2 

21.0 Provisions for Decontamination and Decommissioning . . . . . . . . . . . . . . . . . . .  21-1 
21. 1 Project Function . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  21-1 
21.2 D&D of New Facilities . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  21-2 
21.3 References . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  21-6 

APPENDICES 

A 
B Vitrification Facility Drawings 

' C  

Silo and Existing Radon Treatment System Drawings 

Risk Assessment Report . RAR-93-0012-A-0 

ERAFSI\VOLl :RSAPPS\RSDATA\ 
OU-4\PO-85\PSAR-O\TOC 

000011 
. I> 

. .  
-iv- 1/12/1995 



LIST OF ILLUSTRATIONS 

FIGURES 

1-1 
1-2 
1-3 
1-4 

1-5 

6- 1 
6-2 
6-3 

9- 1 
9-2 
9-3 

11-1 

17-1 

Site Location 
OU-4 Location at the FEMP 
Existing and Proposed OU-4 Facilities 
Block Diagram of Pilot Plant Activities 
V itriftcation Pilot P1 ant 

Typical Cross-Section through Silos 1 and 2 
K-65 Silo Modifications 
Cross-Section of Silo 3 

Safety Analysis Flow Chart 
Risk Acceptance Curve for Off-Site Consequences 
Risk Acceptance Curve for On-Site Consequences 

Radiation Occupancy Zones 

CRU-4 Management Organization Structure 

TABLES 

1-1 
1-2 

2- 1 

2-2 

3-1 

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

6-6 
6-5 

K-65 Silos Chronology of Events 
DOE Order 5480.23IPSAR Cross Reference 

Cross Reference of PSAR Section, DOE Order, and S/RID Functional Area for Existing 
Facilities 
Cross Reference of PSAR Section, DOE Order, and S/RID Functional Area for New Facilities 

Grading of Section 3 - Level ofDetail Assigned 

Grading of Level of Detail for Section 6 Topics. 
Construction Drawing List 
New and Modified Structures and Systems 
Summary of Silo Waste Materials 
Vitrification Pilot Plant HVAC 
Sample Locations 

ERAFSI\VOLI :RSAPPS\RSDATA\ 
OU-4\PO-85\PSAR-O\TOC -V- I I 1211 995 



LIST OF ILLUSTRATIONS (Continued) 

TABLES 

8- 1 
8-2 
8-3 
8 4  

8-6 
8-5 

8-7 
8-8 
8-9 
8-10 
8-1 1 
8-12 
8-13 
8-14 
8-15 

8-16 
8-17 
8-18 
8-19 
8-20 

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

1 1 - 1  
11-2 

12-1 

Segmentation Guide1 ines 
FEMP Segments 
Maximum Contents of Vitrification Pilot Plant Components 
Inventory of Radionuclides for Segments M, N, and 0 (Curies) 
Inventory of Organic Material for Segments M, N, and 0 
Inventory of Inorganics for Segments M, N, and 0 
Additive Process Chemicals for Pilot Plant (Segment 0) 
Segment "M" Hazards Analysis Worksheet 
Dispersion Analysis and Consequences for Segment M 
Segment 'IN" Hazards Analysis Worksheet 
Segment "N" Consequences of Loss of Containment (Low-Energy Event) 
Segment N Consequences of Loss of Containment (High-Energy Event) 
Segment "0" Hazards Analysis Worksheet 
Consequences of Loss of Pilot Plant Containment due to Earthquake 
Segment 0 Consequences of Loss of Containment in the Silo 3 Material Storage Bin (Low- 
Energy Event) 
Segment 0 Loss of Containment of Thickener in the Pilot Plant (Low-Energy Event) 
Segment 0 Consequences of Loss of Containment on RTS Canisters (Low-Energy Event) 
FEMP Final Hazard Categorization 
Recommended Hierarchy of Alternative Concentration Limit Parameters 
Summary of Bounding Consequences for Segments M, N, and 0 

Results of the Grading Evaluation 
Graded Subtopics for Segment "M," Silos 1 and 2 
Graded Subtopics for Segment "N," Silo 3 
Graded Subtopics for Segments "0," Vitrification Facility 
Safety Analysis Classification 
Effluent Release Limit for Silo 3 Material 
Radiological Accident Consequences 
Toxicological Consequences of Silo 3 (Segment "N") Accidents (mg/m') 
Toxicological Consequences of Pilot Plant (Segment "0") Accidents (mg/m3) 

Radiation Protection Features 
Shielding Requirements 

Hazardous Material Protection Features 

ERAFS 1 \VOLI :MAPBUSDATA\ 
OU-4\Po-85\BAR-O\TOC -vi- I/ 12/1995 



8 9  

LIST OF ILLUSTRATIONS (Continued) 

TABLES 

15- 1 Project-Specific Operations 

18- 1 
1 8-2 

Activities and Basic .Procedural Tenets 
S ystem-Related Operational Training' Requirements 

19- 1 StructuredSystems Subject to Maintenance 

ERAFS 1 \VOLl :RSAPPS\RSDATA\ 
OU-4\PO-85\PSAR-O\TOC -vii- 



LIST OF ACRONYMS AND ABBREVIATIONS 

ACGIH 
AEDO 
AIHA 
ALARA 
ARAR 
ARF 
ASR 
BAT 
BDBA 
CEDE 
CEOSHP 
CERCLA 
CFR 
COL 
CRU 
D&D 
DAC 
DBA 
DCF 
DCP 
DED 
DF 
DOE 
EBA 
ED 
ED0 
EEGL 
EIS 
EMS 
EOC 
EPCRA 
ER 
ERPG 
ERMC 
ERT 
ES&H 
FEMP 
FERMCO 

American Conference of Governmental Industrial Hygienists 
Assistant Emergency Duty Officer 
American Industrial Hygiene Association 
As Low As Reasonably Achievable 
Applicable or Relevant and Appropriate Regulation 
Airborne Respirable Fraction 
Auditable Safety Record 
Best Available Technology 
Beyond Design Basis Accident 
Committed Effective Dose Equivalent 
Comprehensive Environmental Occupation Safety and Health Program 
Comprehensive Environmental Response, Compensation, and Liability Act 
Code of Federal Regulations 
Check-off List 
CERCLAiRCRA Unit 
Decontamination and Decommissioning 
Derived Air Concentration 
Design Basis Accident 
Dose Conversion Factor (radiation) 
Design Criteria Package 
Deputy Emergency Director 
Dilution Factor 
United States Department of Energy 
Evaluation Basis Accident 
Emergency Director 
Emergency Duty Officer 
Emergency Exposure Guidance Level 
Environmental Impact Statement 
Emergency Message System 
Emergency Operations Center 
Emergency Planning and Community Right-To-Know Act 
Emergency Response 
Emergency Response Planning Guideline 
Environmental Restoration Management Contractor 
Emergency Response Team 
Environmental Safety & Health 
Fernald Environmental Management Project 
Fernald Environmental Restoration Management Corporation 

I 

ERAFSI\VOLI :RSAPPSWDATA\ 
OU4\FQ-85\PSAR4\TOC -viii- 



m 8 9  

LIST OF ACRONYMS AND ABBREVIATIONS (Continued) 

FFCA 
FHA 
FN 
FSAR 
GET 

@m 
HEPA 
HF 
HFSE 
AWWT 
IAWWT 
IDLH 
IH 
ISR 
JAR 
JPM 
LOC 
LLW 
M&TE 
MAWS 
MC&A 
MMICS 

mPh 
MSDS 
MVO 
NAAQS 
NAD 
NAS 
NCS 
NEMA 
NEPA 

Federal Facilities Compliance Agreement 
Fire Hazards Analysis 
Fernald Field Office (DOE) 
Final Safety Analysis Report 
General Employee Training 
gallons per minute 
High-Efficiency Particulate Air 
Human Factors 
Human Factors Safety Evaluation 
Advanced Waste Water Treatment 
Interim Advanced Wastewater Treatment 
Immediate Danger to Life and Health 
Industrial Health 
Independent Safety Review 
Job Analysis Report 
Job Performance Measurement 
Level of Concern 
Low level waste 
Measuring and Testing Equipment 
Minimum Additive Waste Stabilization 
Material Control & Accountability 
Maintenance Management Information Control System 
miles per hour 
Material Safety Data Sheet 
Motor Vehicle Operator 
National Ambient Air Quality Standards 
Nuclear Accident Dosimeter 
National Academy of Sciences 
Nuclear Criticality Safety 
.National Electrical Manufacturers Association 
National Environmental Policy Act 

NESHAP 
NFPA National Fire Protection Association 
NIOSH 
NPDES 
NPH National Phenomena Hazard 
OBBC Ohio Basic Building Code 
OEB Operational Excellence Board 

National Emission Standards for Hazardous Air Pollutants 

National Institute for Occupational Safety and Health 
National Pollution Discharge Elimination System 

ERAFSI\VOL1 :RSAPPSWDATA\ 
OU-4\PO-85\PSAR4\TOC -ix- 



_ .  

ORR 
OSHA 
OSR 
ou 
PAG 
PEL 
PSAR 
QA 
QAPD 
QAPjP 
RAR 
RCRA 
RDA 
RI/FS 
ROD 
RSO 
RTS 
SA 
SAR 
SARA 
SAW 
S/RID 
SSARR 
SRC 
ssc 
STEL 
SWRB 
TLV 
TSR 
TSS 
TWA 
UBC 
UPS 
US EPA 
USQ 
WAC 

LIST OF ACRONYMS AND ABBREVIATIONS 

Operational Readiness Review 
Occupational Safety and Health Administration 
Operational Safety Requirement 
Operable Unit 
Protective Action Guidelines 
Permissible Exposure Limit 
Preliminary Safety Analysis Report 
Quality Assurance 
Quality Assurance Program Description 
Quality Assurance Project Plan 
Risk Assessment Report 
Resource Conservation and Recovery Act 
Radiation Detection Alarm 
Remedial InvestigatiodFeasibiIity Study 
Record of Decision 
Remediation Support Organization 
Radon Treatment System 
Safety Assessment 
Safety Analysis Report 
Superfund Amendments and Reauthorization Act 
Safety Analysis Report for Packaging 
Standards/Requirements Identification Document 
Site Safety Analysis Reference Report 
Significant Review Comment 
Structure, System, or Component 
Short-Term Exposure Limit 
Stormwater Retention Basin 
Threshold Limit Value 
Technical Safety Requirement 
Technical Support Staff 
Time Weighted Average 
Uniform Building Code 
Uninterruptible Power Supply 
United States Environmental Protection Agency 
Unreviewed Safety Question 
Waste Acceptance Criteria 

(Continued) 

ERAFS 1 \VOL 1 :RS APPSWD ATA\ 
00-4\PO-S5\PSAR4\TOC -X- 1 / 121 1995 



89 
FEMP-2337 

PSAR, Rev. 0 

EXECUTIVE SUMMARY 

This Preliminary Safety Analysis Report (PSAR) provides the safety basis for the construction of the 
Operable Unit 4 (OU-4) Vitrification Pilot Plant at the Fernald Environmental Management Project 
(FEMP). The safety basis includes the design objectives and those measures necessary to ensure that the 
facilities will be constructed and operated in a safe manner and in compliance with applicable laws, 
regulations, and DOE Orders. The PSAR also addresses the safety of the existing Silos 1, 2, 3, and 4. 
Silos 1 and 2 were the subject of a previously approved SAR (Ref. ES. 1) and this PSAR is intended to 
provide the annual update to the Silo 1 and 2 SAR. Based on the analysis contained in this PSAR, the 
risks associated with construction and operation of the vitrification pilot plant, the continued use of Silos 
1, 2, and 3, as well as the calculated risks related to postulated accidents associated with these activities, 
are within the limits defined in the applicable regulations, DOE Orders, and proposed DOE-STD-3005- 
YR, "Evaluation Guidelines for Accident Analysis and Safety Structures, Systems, and Components (Ref. 
ES.2). This PSAR does not support the Silo 4 waste retrieval activities. Because Silo 4 does not 
pose a radiation hazard (Ref. ES.3), it and its associated activities are not within the scope of this PSAR. 

The project covered by this PSAR supports the development of the OU-4 Pilot Plant Vitrification 
Program. The project includes the removal of radioactive material from Silos 1 or 2, and 3, their 
removal and transport to the Pilot Vitrification Plant, vitrification by a melter, and subsequent cooling 
and transport for on-site storage. This document does not evaluate the initial testing of the system with 
non-radioactive materials or subsequent storage of the materials. The purposes of this project are to 
enhance safety by removing radioactive materials from the silos, putting them in a safer form, and 
demonstrating the process for future, larger vitrification facilities. 

. 

The Site Safety Analysis Reference Report (SSARR) is a general reference document that provides generic 
or common information that is applicable to many projects at the FEMP in accordance with DOE Order 
5480.23 "Nuclear Safety Analysis Reports." This PSAR refers to the SSARR, where appropriate, to 
eliminate redundancy between the FEMP SARs. 

This PSAR implements the graded approach as required by DOE Order 5480.23. This PSAR is based 
'on an approach described in a document prepared by the Westinghouse Hanford Company "Graded 
Approach for Safety Analysis Reports, WHC-SP-0960, Revision 1 ." The Westinghouse report was 
developed by safety analysts at several DOE sites and describes a topic by topic approach for 
implementing the graded approach philosophy of DOE Order 5480.23. In general, the grading is 
performed by evaluation of the hazard class, life cycle, complexity, and mission time and their relevance 
to each of the 21 topics in DOE Order 5480.23. 

This PSAR is submitted in accordance with the requirement of DOE Order 5480.23. to obtain Program 
Secretarial Officer (PSO) approval of the PSAR prior to undertaking procurement of materials and 
components, construction and predperational t&ting of DOE Nuclear Facilities. None of these 
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construction activities will involve Silos 1 ,  2, or 3. Although the Silos may be described in this PSAR, 
the actual performance of construction activities involving these Silos will be based on the Final SAR that 
will be submitted for approval and authorization prior to construction activities or operations involving 
radioactive material. 

ES- 1 Project Description 

The Vitrification Pilot Plant Program includes the design, construction, and operation of a new facility 
for vitrifying residues from Silos 1 and 2 (which are known as the K-65 Silos) and Silo 3. The 
descriptions of Silo 4 and activities associated with this silo are provided for information only since these 
activities do not involve radioactive or hazardous materials. 

Because Silo 4 does not pose a significant hnard, it and its associated activities are not wi,thin the scope 
of this PSAR. 

ES-1.1 Pilot Plant 

The OU-4 Pilot Plant Program is being developed to evaluate the use of vitrification technology for the 
treatment of residues in the K-65 Silos and Silo 3. Experience gained in this program will provide the 
basis for similar, larger-scale vitrification projects in the future. The operational knowledge and lessons 
learned in this task ensure the future safe operation of future vitrification projects. The Pilot Plant 
program will be conducted in two phases. Phase I involves the placement of surrogate material into Silo 
4 and the testing of the equipment needed to remove the material. The Phase I Work Plan was approved 
by the DOE in February 1994. Phase I1 involves the construction and operation of the Pilot Plant. Phase 
I1 also includes the removal of material from the K-65 Silos and Silo 3. The Phase I1 Work Plan was 
submitted to the DOE in January 1994. This PSAR provides the preliminary safety basis for Phase I1 
and will be the authorization for the Phase I1 construction activities. 

ES-1.2 Silos 1 and 2 

Silos 1 and 2 were constructed in 1952 and have been used since then for storing K-65 slurry residues 
from uranium ore processing. The structural features of the silos based on the original design provisions 
are shown in Appendix A on Preload Enterprises Drawing 51T20. A soil berm was placed around the 
silos to provide structural support and reduce the external radiation dose rate in the surrounding areas. 

The cylindrical concrete wall is wrapped with wires and is tied by dowels to the dome ring at the top and 
base slab at the bottom. The wall and prestressed wires are covered by a protective coating of Gunite. 
The dome rises to a height of 9 feet, 4 inches above the wall line and the thickness varies from 4 inches 
at the apex to 8 inches near the dome ring. 
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The concrete floor slab is 4 inches thick and is supported on a built-up foundation consisting of 
compacted impervious clay fill with a layer of asphaltic concrete on top and a layer of stone and gravel 
on top of the asphaltic concrete. Tar paper is used on top of the stone gravel. 

The silos are equipped with a slotted pipe underdrain system. The features of this system are shown on 
various drawings in Appendix A. 

ES-1.3 Silo 3 

Silo 3 was constructed in 1952 to store metal oxide residue from the FEMP refinery operations. Silo 3 
is located south of the Waste Pit Area of the FEMP property adjacent to Silos 1 and 2. Silo 3 is the same 
size as Silos 1 and 2. 

Silo 3 was designated to receive dry materials only. The waste placed in Silo 3 resulted from processing 
uranium ore concentrates and thus the waste contains some natural uranium. The FEMP refinery 
operations produced slurries which were dewatered in an evaporator and spray calciner to produce dry 
residues. The dried residues were then blown under pressure into Silo 3. 

Silo 3 contains normal uranium, radium, thorium, silica, and other metal oxides. The source terms of 
radionuclides and hazardous materials contained in Silo 3 are described in Section 8. 

ES- 1.4 Silo 4 

Silo 4 has never been used and is empty. It will be used to demonstrate the effectiveness of a waste 
removal and transport system for use during final remediation (see Subsection 6.3.2). As part of the 
demonstration, (1) a hole with a diameter of approximately 6-ft will be cut in the center of the dome and 
(2) a superstructure will be installed over Silo 4 to support the waste removal and transport equipment. 
The superstructure is discussed in Subsection 6.2.1. 

ES-1.5 Radon Treatment Svstem (Existinel 

The existing radon treatment building contains two calcium sulfate beds, eight activatedcarbon beds, and 
two fan units. The building is surrounded by concrete radiation shielding walls made of stacked solid 
unmortared blocks. The shielding reduces the gamma radiation dose rates from the radioactive decay of 
the radon-222 collected within the activatedcarbon canisters. The existing Radon Treatment System 
(RTS) and planned RTS upgrades are discussed in Subsection 6.3.4. 
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ES-2 Safety Analysis Summary 

The safety analysis consists of an evaluation of the hazards and potential accidents associated with the 
operation of the Vitrification Pilot Plant and continued use of Silos 1, 2, and 3. 

A conservative analysis was performed as described in Sections 8, "Hazard Analysis," and 9, "Analysis 
of Normal, Abnormal, and Accident Operations." These analyses are conservative because: 

1) The atmospheric dispersions models are based on stable conditions with low wind speed (Class 
F at 2 d s ) .  

2) Conservative values were used to represent the fraction of material that could become airborne. 

3) The source terms are based on the upper 95th confidence limit on the mean concentration as listed 
in the Operable Unit 4 Remedial Investigan'on Repon (Ref. ES.3). 

These analyses indicate that the risks from potential credible accidents are within the proposed DOE 
Evaluation Guidelines in DOE-STD-3005-YR (Ref. ES .2) and are therefore acceptable. 

The safety analysis concludes that there are no safety structures, systems, or components (SSCs) but that 
the following are safety-significant SSCs: 

1) Shielding 
2) Fire protection 
3) Effluent monitoring 

4) 
5) Emergency message system 
6) Building evacuation system 

Building ventilation (portion of system which prevents the spread of hazardous materials) 

The need for safety SSCs and safety-significant SSCs is discussed in Sections 20 and 6, respectively. 

The safety analysis was performed by determining the hazard category of each facility, analyzing potential 
accidents and normal operations and as described in the following subsections. 

ES-2.1 Final Hazard Cateaorization 

The FEMP site has been divided into segments for the purposes of hazard categorization. A segment has 
a boundary which an internal event (e.g., fire) cannot cross. Segments "A" through "L" are evaluated 
in other safety analysis documents. Silos 1 and 2 are Segment "M," Silo 3 is Segment "N," and the 
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Vitrification Pilot Plant is Segment "0." The basis for this segmentation is discussed in Section 8 of this 
PSAR and in the SSARR. 

DOE Order 5480.23, "Nuclear Safety Analysis Reports," states that consequences of unmitigated releases 
of radioactive and/or hazardous materials shall be evaluated and classified as follows: 

1) 
2) 
3) 

Category 1 Hazard - shows the potential for significant off-site consequences 
Category 2 Hazard - shows the potential for significant on-site consequences 
Category 3 Hazard - shows the potential for only significant localized consequences 

In accordance with FEMP Procedures and DOE requirements, a hazard analysis was conducted in a 
manner that did not consider the effect of mitigators nor did it consider the probability of an accident 
occurring (see Section 8, "Hazard Analysis"). 

The final hazard category was determined by comparing the radiological and toxicological consequences 
of the unmitigated hazards for hazard categorization presented in Subsection 8.4. Based on the results. 
see Section 8, the Final Hazard Categories are: 

1) 
2) 
3) 

Segment M (Silos 1 and 2) - Category 3 
Segment N (Silo 3) - Category 3 
Segment 0 (Vitrification Pilot Plant - Category 3 

ES-2.2 Analvsis of Accidents and Abnormal ODerations 

Silos 1, 2, and 3 were designed and constructed in the 1950s and were therefore not built to current 
standards. For this reason, the accidents associated with the silos are classified as Evaluation Basis 
Accidents (EBAs). However, since the Pilot Plant is a new facility, Design Basis Accidents (DBAs) are 
used to evaluate the Pilot Plant. During an EBA, the silo maintains its integrity and mitigates the release. 
For more severe events (events with pressure, wind speed, ground accelerations, etc.), which exceed the 
Evaluation Criteria, the silo dome is assumed to collapse and not provide any mitigation of the release. 

The accidents were classified into internal events, which may be caused by operation and equipment 
within the buildings, and externally induced events, which may be caused by other outside elements. For 
each accident, radiological doses and chemical uptakes were determined for on-site workers and off-site 
receptors located at the nearest boundary of the site. 

Risk is the combination of two components in an accident analysis. The first component is the frequency 
of an event occurring, expressed in events per year. The second component is the consequence of the 
event. This is expressed in 50-year lifetime Committed Effective Dose Equivalent (mrem) for 
radiological hazards and as concentration (mg/m3) of a substance for chemical hazards. The radiological 
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accidents are plotted on the risk acceptance curve and the toxicological consequences are compared to 
tabulated acceptable values. 

Figures ES-I and ES-2 illustrate the radiological dose and frequency of natural phenomena and accidents. 
The x-axis for a given accident is its expected frequency and the y-axis is the corresponding radiological 
dose for that accident. The horizontal step function lines represent the DOE Evaluation Guidelines for 
accidents. So long as an accident is below this line, the risk (frequency times dose) is acceptable. 
Distinct curves for off-site general public (Figure ES-1) and on-site personnel (Figure ES-2) are based 
on DOE-STD-3005-YR, Definitons and Criteria for Accident Analysis (Ref. ES.2) 

Tables 9-8 and 9-9 show the toxicological consequences of accidents associated with Segments N (Silo 
3) and 0 (Vitrification Pilot Plant). There are no toxicological consequences identified for Segment M 
(Silos 1 and 2) due to the bentonite layer emplacement. The only consequences from Segment 0 are 
radiological due to the radon release. 

The risks are acceptable when compared to criteria for risk acceptance from proposed DOE-STD- 
3005-YR. The consequences are acceptable when using the 95th percentile concentration values for all 
chemicals except for the on-site exposure due to cobalt from Silo 3 which is evaluated using the 50th 
percentile concentration. Cobalt presents an acceptable risk when evaluated at this level. The reason 
cobalt is close to an unacceptable risk is due primarily to a lack of acute exposure data and emergency 
concentration guidelines. Cobalt is evaluated using concentration based numbers which are developed 
from long term exposures (Le. Threshold Limit Values) which tend to be overly conservative when 
applied to acute exposure scenarios. 

ES-2.3 Normal ODeration 

The Pilot Plant Vitrification Facility has not been constructed. There are no operational data available 
on which to base the analysis of normal operations. The operational safety-related requirements for the 
pilot plant are summarized in Section 9. The confirmation of the assessment of the design will be 
finalized following further tests of the charcoal effectiveness to adsorb radon on a large, active flow- 
through system. In addition, the pilot plant is intended to be used to collect data to determine the 
potential source terms and hazards associated with vitrification of the wastes within Operable Unit 4. 

This data will be used in the design of the full scale remediation facility. 

The uncertainty associated with the system meeting the requirements for normal operations is acceptable 
because appropriate controls will be in place to monitor releases from the vitrification process and 
because the presently installed site environmental monitors determine the amount of radon at the site 
boundary. The presently installed monitors are for the entire FEMP site and not just the vitrification pilot 
plant. 
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RTS Failure 
Seg. M (Silos 1 and 2) Natural Degradation 
Seg. N (Silo 3) Natural Degradation 
Loss of Containment (Surge Bin) 
Loss of Containment (Thickener) 
Seg. M (Silos 1 and 2) Snow 
Seg. M (Silos 1 and 2) EBA Earthquake 
Seg. M (Silos 1 and 2) Tornado (Severe) 
Seg. M (Silos 1 and 2) Earthquake (Severe) 
Seg. N (Silo 3) Snow 
Seg. N (Silo 3) EBA Earthquake 
Seg. N (Silo 3) Tornado (Severe) 
Seg. 0 (Pilot Plant) Earthquake 
Seg. 0 (Pilot Plant) Off-gas System Failure 

Figure ES-1 - Radiological Risk Acceptance Curve for Off-Site Consequences 
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RTS Failure 
Seg. M (Silos 1 and 2) Natural Degradation 
Seg. N (Silo 3) Natural Degradation 
Loss of Containment (Surge Bin) 
Loss of Containment (Thickener) 
Seg. M (Silos 1 and 2) Snow 
Seg. M (Silos 1 and 2) EBA Earthquake 
Seg. M (Silos 1 and 2) Tornado (Severe) 
Seg. M (Silos 1 and 2) Earthquake (Severe) 
Seg. N (Silo 3) Snow 
Seg. N (Silo 3) EBA Earthquake 
Seg. N (Silo 3) Tornado (Severe) 
Seg. 0 (Pilot Plant) Earthquake 
Seg. 0 (Pilot Plant) Off-gas System Failure 

- 

Figure ES-2 - Radiological Risk Acceptance Curve for On-Site Co-Located Worker Consequences 
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ES-3 Technical Safety Requirements 

Operational Safety Requirements (OSRs) were created and approved as part of previous safety analyses 
and assessments. These OSRs will remain in effect until they are converted to TSRs, as appropriate, and 
issued concurrently with the FSAR. 

ES-4 Conduct of Operations 

Staffing: The minimum and normal staffing requirements are to be developed based on operating 
procedures developed. 

Procedures: To be developed. 

Training: Training for the overall project and for specific activities will be performed to prepare 
the workers for the project. Specific training programs are to be developed. 

Administrative Institutional controls provide programs which augment the basic project activity. 
Controls: In this project, administrative controls include hazardous material work permits, radiation 

work permits, Operational Readiness Reviews, and As Low As Reasonably Achievable 
(ALARA) radiation exposure reviews. 

ES-5 Commitments 

To support the safe operation of the facility, the following commitments of this SAR shall be completed. 
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Requirement II 
Table ES-3 Commitments 

Description 

H&SP 

Human Factors 

Shielding 

Reference I Text in S A R  

Completed Project Specific Health and Safety Plan 

A design review by a Human Factors engineer. 

Provided as described to meet dose rate limits of Section 3 

1 1  

4 

1 1  

Training to be identified and programs developed and 
completed 

Training I I  18 

ALARA 

start-up 

Carbon Tests 

ALARA review of project for compliance with Section 3 

Radon adsorption tests using carbon filters 

11  

6 

9 

Operability testing prior to hot operations 

Air Modeling Normal Operations requires air modeling to ensure 
compliance with regulatory requirements. Pending results 
of current radon tests air' modeling shall be done. 

Completed Fire Hazards Analysis per DOE 5480.7A 
~~ 

FHA 

9 

Table 8-9 

Procedures 

ORR 

Procedures as identified in Section 18 

Operational Readiness Review completed prior to 
operations 

18 

NIA 

Successful 
Non-radioactive 
Operations 

Performance 
Categorization 

Perform Final Facility Categorization per DOE 5480.28 
and DOE-STD-1021-YR to develop Performance 
Categories for the structures, systems and components to 
determine effects of lower Category equipment on higher 
Category equipment 

' Obtain government permits cited in WP- 18-0007, Operable 
Unit 4 Pilot Plant Phase I Treatabilitv Stuhr Work Plan 

Permitting 

Administrative 
Controls 

Successful operation and vitrification of surrogate material 
prior to radioactive operations. 

Administrative controls imposed by safety requirements Table 20-1 

6 

6 

NIA 
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SECTION 1 

INTRODUCTION 

The Fernald Environmental Management Project-(FEMP) established operations in 195 1 under the orders 
of the Atomic Energy Commission (one of the United States Department of Energy's [DOE'S] 
predecessor agencies) to produce uranium metal and other materials for DOE and Department of Defense 
facilities. The FEMP is located near Fernald, Ohio, approximately 20 miles northwest of Cincinnati, 
Ohio (see Figure 1-1). The production facilities at the FEMP are presently shut down in preparation for 
environmental remediation of the entire site. 

The project covered by this Preliminary Safety Analysis supports the design of the OU-4 Pilot Plant 
Vitrification Program. The project includes the removal of radioactive material from Silos 1 or 2, and 
3, the residues transport to the Pilot Vitrification Plant, vitrification by a melter, and subsequent cooling 
and transport for on-site storage. Not included in this document are the initial testing of the system with 
non-radioactive materials or subsequent storage of the materials. The purposes of this project are to 
enhance safety by removing radioactive materials in the silos and putting them in a safe form, and 
demonstrating the process for future larger vitrification facilities. The Pilot Plant is being constructed 
as a study under the Comprehensive Environmental Response, Compensation, and Liability Act 
(CERCLA) to evaluate the application of vitrification treatment technology at this site. In addition to 
providing the safety basis for the pilot plant, this PSAR provides the annual update of the previously 
approved Facility Safety Analysis Report (SAR) for Silos 1 and 2 (Ref. 1 . 1 )  and, as such, will 
supersede that document. If the accident analysis had identified the need for Technical Safety 
Requirements (TSRs), the new TSRs would have replaced the existing operational safety requirements. 
However, as discussed in Sections 9 and 20, TSRs are not required for the safe operation of the Pilot 
Plant or the continued use of the silos. The approval of this PSAR, as well as the subsequent Final Safety 
Analysis Report (FSAR), will bring OU-4 into compliance with DOE Order 5480.23, "Nuclear Safety 
Analysis Reports" (Ref. 1.2) and DOE Order 5480.22, "Technical Safety Requirements" (Ref. 1.3). 

There have been prior studies and reports prepared under CERCLA which have evaluated the potential 
risks and hazards for CERCLA purposes. The RI/FS drafts and the Phase I1 Work Plan have been 
submitted to the US EPA for approval. The Phase I Work Plan has been approved by the US EPA. This 
PSAR is intended to develop the safety basis for Silos 1 ,  2, 3, and the Vitrification Pilot Plant per DOE 
Order 5480.23. 

Because of the relatively short duration of the CERCLA/RCRA Unit 4 (CRU-4) Pilot Plant Program, this 
PSAR is based on the approved Preliminary (Title I) Design information. Even though PSARs are 
usually based on the Final Design (Title II), this expedited approach is appropriate because the new 
vitrification facility is a Category 3 Hazard, is a simple operation, and does not involve any unique 
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Five-Mile Radius Map 
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hazards that have not been encountered at other DOE or industrial sites. 

This PSAR is intended to evaluate the hazards associated with the Pilot Plant, the residue removal 
activities, and the continued use of Silos 1, 2, and 3. The PSAR does not support the Silo 4 waste 
retrieval activities. A safety analysis of Silo 4 (Ref. 1.4) indicates that the Silo 4 activities are non- 
nuclear and no further analysis is required. A description of the Silo 4 activities is included in this report 
to tie together all pilot plant-related activities. 

This PSAR was prepared in accordance with the FEMP SAR Implementation Plan (Ref. 1.5) and, as 
such, refers extensively to the Site Safety Analysis Reference Report (SSARR) (Ref. 1.6). The 
SSARR is a general reference document that provides information that applies to many projects at the 
FEMP in accordance with DOE Order 5480.23. As such, the SSARR will form an integral part of the 
safety basis for this program. 

A FSAR will be prepared during the construction phase to reflect the final design configuration for the 
OU-4 Pilot Plant Program. The FSAR will be prepared in accordance with DOE Order 5480.23 as it 
is clarified in proposed DOE-STD-3009-YR, Prepararion Guide for U.S. Depament of Energy 
Nonreactor Nuclear Facility Safety Analysis Reports (Ref. 1.7). 

The OU-4 Pilot Plant Program consists of the following key goals: 

Installation of a pump support structure over Silo 4 as part of the residue removal demonstration. 

Successful removal of a 6-footdiameter (approximately) section from the center of the Silo 4 
dome as part of the residue removal demonstration. 

Successful demonstration of hydraulic waste removal from Silo 4 using surrogate K-65 material 
(sand) and bentonite clay. 

Successful demonstration of pneumatic waste removal of 10 tons of residue (metal oxides) from 
Silo 3. This material will be stored in a surge bin for use during vitrification. 

Successful demonstration of hydraulic waste retrieval of 20 tons of K-65 residue from Silo 1 or 2. 
The material will be piped to the pilot plant thickener tank. 

Successful upgrade of the closed-loop Radon Treatment System (RTS) for use with the K-65 Silos 
during residue removal. 

Successful vitrification of residue contained in the K-65 Silos and Silo 3 on a 24-hour basis and 
the formation of 1 metric ton of glass product per day (the days may not be consecutive). 
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8) Successful operation of the vitrification facility off-gas treatment system. The system will remove 
SO, and radon gas. 

The following information will be compiled during pilot plant operation to ensure successful design and 
operation of a full-scale vitrification facility: 

1 )  Correct balance of materials, process parameters, and design data to produce glass acceptable for 
long-term storage 

2) Radon gas release rate during waste removal and vitrification to properly size carbon beds needed 
to ensure off-gas meets air release requirements 

If vitrification is selected as the treatment technology of choice by the United States Environmental 
Protection Agency (US EPA) in the OU-4 Record of Decision, a full-scale vitrification plant will be built 
requiring either modification of the PSAR or preparation of a new SAR. The 30 metric tons of vitrified 
material will remain on site in interim storage until the ROD is issued. Upon announcement of the 
Record of Decision (ROD), vitrified material will be prepared for off-site disposal (if the material meets 
waste acceptance criteria PAC]),  or be prepared for further treatment (if vitrified material does not meet 
the WAC). 

1.1 Facility Overview 

OU-4 is locatkd near the western boundary of the FEMP, west of the production area and south of the 
waste pit area (Figure 1-2). The locations of the existing facilities and proposed Pilot Plant are shown 
in Figure 1-3. The proposed OU-4 Pilot Plant facilities lie outside the OU-4 boundaries within OU-5. 
The Risk Assessment Work Plan Addendum (Ref. 1.8) identified the OU-4 boundaries as the following 
Ohio state plane coordinates: North 480221.5191-481033-2719 and East 1378329.1786-1378641.5890. 
Figure 1-4 is a block diagram of the Pilot Plant Program activities. 

OU-4 consists of four silos, an existing RTS associated with Silos 1 and 2, and the Radon Treatment 
Building. A detailed description of the facilities is provided in Section 6 of this report. 

1.1.1 Silos 1 and 2 

Silos 1 and 2, also known as the K45 Silos, are located south of the OU-1 waste pit area. The K-65 
Silos are large, cylindrical concrete tanks that were designed for temporary storage of residues from 
uranium ore processing. These silos were constructed in 1952 and have been used since then for storage 
of radium bearing residues from pitchblende uranium ore processes at the FEMP, Lake Ontario Ordnance 
Works (now known as the Niagara Falls Storage Facility), and the Mallinckrodt Chemical Works. 
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Figure 1-3 - Existing and Proposed OU-4 Faciliiics 
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By 1963, the exterior surface of the silos had suffered major deterioration and large areas of the concrete 
_ -  

walls had degraded enough to expose the post-tensioning wires. Subsequently, strands of the wires were 
severely corroded and eventually broke. Repairs to the damaged surface began in 1964 when a 
waterproof sealant was applied to the external walls. In addition, an earthen embankment was built to 
the top of the walls. This embankment reinforced the hoop strength which had been reduced by the 
degradation of the post-tensioning wires. The embankment significantly reduced radon emission and 
gamma radiation from the silos. The recommendations of subsequent structural investigations have 
resulted in the construction of a 30-footdiameter temporary steel and wood dome covering a 20-foot- 
diameter weak spot on top of the existing domes. In addition, a neoprene membrane was placed over 
the outside of the dome to minimize radon emanation and to prevent water seepage into the silo dome 
cracks. Table 1-1 lists the chronology of the construction and use, the various modifications, and major 
studies made on the silo structures. 

Table 1-1 - K-65 Silos Chronology of Events 

Date 

1951 
1952 
1958 
1964 
1979 
1983 
1985 
1986 
1986 
1987 
1987 
1989 
1989 
1991 

Milestone or Event 

Construction begins 
Construction complete 
Silos filled to capacity 
Repairs made to silos and earthen berm added with 1 : 1.5 grade 
Vents sealed 
Berms resloped to 1:3 grade 
Camargo nondestructive tests 
Protective covers added to center 20 feet 
Neoprene membranes added to dome top 
RTS constructed 
Foam coating applied to domes 
DOE inspections 
Bechtel performed further analysis 
Bentonite placed on the K-65 residue within Silos 1 and 2 

1.1.2 Silo 3 

Silo 3 was constructed in 1952 to store metal oxide residue from the FEMP refinery operations. Silo 3 
is located just north of Silos 1 and 2 and south of Silo 4. Silo 3 is a free-standing, prestressed concrete, 
domed silo with an approximate 80 foot diameter, 27 foot height at the top of the wall, and a 4-inch-thick 
concrete floor over an 8-inch layer of gravel. Below the gravel is a 2-inch-thick layer of asphaltic 
concrete underlain by approximately 18 inches of compacted clay. The domed roof tapers from 8 inches 
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thickness at the silo walls to a 4 inch thickness at the apex, which is 36 feet high at the top of the dome. 
In 1992, the dust collector was removed from the Silo 3 dome. 

Silo 3 was designated to receive dry materials only. The waste placed in Silo 3 resulted from processing 
uranium ore concentrates. The FEW refinery operations produced slurries which were dewatered in an 
evaporator and spray calcined to produce dry residues. The dried residues were then blown under 
pressure into Silo 3. Silo 3 material contains normal uranium, radium, thorium, silica, and metal oxides 
as they occurred in the ore. 

1.1.3 

Silo 4 is located just north of Silo 3 in the OU-4 area. Silo 4 was never used and contains no radioactive 
or hazardous material. Silo 4 presents no unique hazards and is therefore, addressed at the appropriate 
level of detail in the PSAR. Silo 4 will be used during the Pilot Plant Program for demonstration 
purposes only. 

1.1.4 Radon Treatment Buildinq 

The RTS building is approximately 24 feet long by 22 feet wide and is surrounded by stacked, 
unmortared solid concrete block a total of 32 inches thick. It houses the desiccant (calcium sulfate) and 
activated carbon canisters. 

1.1.5 Radon Treatment Svstem 

The RTS is located in the Radon Treatment Building. The RTS operates with a blower, two calcium 
sulfate canisters, eight activated carbon canisters, and the associated piping and valves to circulate air to 
and from the K-65 Silos. The blower is located outside the RTS building to minimize personnel dose. 
The RTS will be upgraded - as part of the Pilot Plant Program. 

The RTS was constructed in 1987 to reduce the radon concentrations and, as a result, the dose rate at the 
silo dome surface. The reduction of dose rate enabled the silo dome surface to be classified as a radiation 
area instead of a high radiation area since the dose rates were less than 100 mR/hr after the RTS is 
operated. 

The RTS has not been used to control the dose rate since the application of the bentonite has reduced dose 
rate levels to less than 100 mR/hr. The RTS was not built to the design criteria in effect at the time of 
construction and is not in compliance with present design criteria. 
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1.1.6 Vitrification Facility 

Vitrification transforms waste solutions, slurries, moist powders, and/or dry solids into a chemically 
durable glass form. The feed used in the process can be either combustible or noncombustible. Organics 
are decomposed and oxidized in the melter plenum while the inorganic residue melts and drains into a 
molten glass pool. The hazardous inorganic constituents actually become part of the chemical structure 
of the glass matrix, not merely encapsulated in the waste form. As a result, the glass waste form is 
expected to pass the US EPA's Toxicity Characteristic Leaching Procedure (TCLP) as nonhazardous. 

The vitrification facility (Figure 1-5) consists of residue removal and transport systems, feed preparation, 
furnace melter, vitrified product former (gem forming), product discharge handling and containerizing 
system, off-gas treatment, as well as structures and support systems required for operation of the 
vitrification systems. 

Material will be removed by hydraulic methods from the K-65 Silos and by a pneumatic method from 
Silo 3. The K-65 material will be slurried to a thickener via piping. The Silo 3 material will be 
transported first to a surge bin and then to the slurry tanks for preparation. The K-65 and Silo 3 
materials will be prepared, vitrified, and formed into a glass product suitable for appropriate storage. 

1.2 Prime Contractors 

The DOE owns the FEMP. 
Management Corporation (FERMCO). 

It is currently managed by the Fernald Environmental Restoration 

1.2.1 Existina Facilities 

Silos 1 ,  2, 3, and 4 were designed by Preload Engineering, Inc., and were constructed by Catalytic 
Construction Company during 1951 g d  1952. National Lead of Ohio, Inc. was the operating contractor 
at the time. 

The RTS was designed and constructed in 1987 by Westinghouse Environmental Management Company 
of Ohio (WEMCO). 

1.2.2 Vitrification Pilot Plant - 

FERMCO has contracted the Ralph M. Parsons Company (PARSONS) as the prime architect-engineer 
for the Vitrification Pilot Plant. FERMCO is responsible for the construction and operation of the Pilot 
Plant. 
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This project includes existing silos, the existing Radon Treatment Building and RTS (to be upgraded), 
and new vitrification facilities which are to be constructed. The FSAR will be completed prior to 
construction activities on Silos 1, 2, and 3 and operation of the Pilot Plant with radioactive material from 
the silos, but after construction of the Pilot Plant and completion of Phase I activities. 

1.3.1 Existina Facilities 

Existing facilities in OU-4 will be remediated under CERCLA. The facilities which currently Store 
radioactive material will be demolished as part of site remediation. The demolition of the silos is not part 
of the Pilot Plant Program and is not evaluated in this PSAR. The final schedule has not been determined, 
but remediation will not begin prior to 1995. 

1.3.2 New Facilities 

The Vitrification Pilot Plant is currently in Title 11 design. The Pilot Plant will be constructed in 1994 
and will operate for a period of less than 1 year. 

An equipment support structure will be constructed over Silo 4 to demonstrate the removal process with 
non-radioactive material. 

1.4 Graded Approach 

DOE Order 5480.23, "Nuclear Safety Analysis Reports," encourages the development of SARs using a 
graded approach. WHC-SP-0960, "Graded Approach for Safety Analysis Reports, " Revision 1 describes 
an approach to "grading" the level of safety analysis and amount of detail that should be included in 
Safety Analysis Reports. 

The approach establishes four "grading factors. " These grading factors are the following: 

1)  
2) 
3) 
4) 

Hazard classification of the facility (i.e., general use - 4, low - 3, moderate - 2, high - 1) 
Complexity of the facility (i.e., simple, complex) 
Life cycle of the facility (Le., construction, operation, decommissioning) 
Mission time of the facility (Le., short - less than 1 year, long - greater than I year) 
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1.4.1 O U 4  Pilot Plant Proclram Gradina Factors 

The OU-4 pilot plant program PSAR has the following grading factors: 

1) Hazard Category 

(1) 
(2) 
(3) 
(4) 

Silos 1, 2 - Category 3 
Silo 3 - Category 3 
Silo 4 - Below Category 3 (non-radiological facility) 
Vitrification Pilot Plant - Category 3 

2) Complexity - Simple (for all) 

3) Life Cycle 
(1) All Silos - Operation 
(2) Vitrification Pilot Plant - Construction 

4) Mission Time 
(1) All Silos - Long 
(2) Vitrification Pilot Plant - Short 

1.4.2 PSAR Sections Subiect to Gradinq 

WHC-SP-0960 identifies the following sections that are subject to graded levels of detail using the 
"grading factors" listed above: 

Section 3 - Principal Health and Safety Criteria 
Section 4 - Human Factors 
Section 5 - Site Characteristics 
Section 6 - Facility Description and Operation 
Section 7 - Codes and Standards 
Section 9 - Analysis of Normal, Abnormal, and Accident Conditions 
Section 19 - Initial Testing, In-Service Surveillance, and Maintenance 
Section 20 - Derivation of Technical Safety Requirements 
Section 21 - Provisions for Decontamination and Decommissioning 

1.4.3 Level of Detail Definitions 

WHC-SP-0960 defines the five "levels of detail" to be used in those sections of the SAR that are 
considered "gradable. 
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1.4.3.1 Level I 

Level I applies to a systematic, quantitative description sufficient to understand the numerical and logical 
basis associated with the item, activity, or system and used in the development of the safety analysis. 

1) Detailed description of item, activity, or system and required functions, outcomes, or acceptance 
criteria 

2) Detailed description of scope and content; purpose of action, function, or activity; and how it 
works or how it is performed 

Typical items that might be included in Level I descriptions are as follows: 

1) Safety related functional requirements 
2) Safety related design criteria 
3) One-line diagrams 
4) Detailed physical descriptions 
5) Operating modes 
6)  Detailed flow sheets 
7)  Detailed operating sequences 

1 -4i3.2 Level II 

Level I1 applies to a systematic, qualitative description sufficient to fully understand the activity, item. 
or system presented and the basis for its safety application. 

1) Sufficient to define the content and purpose of the activity, item, or system and required 
functions, outcomes, or acceptance criteria 

2) Sufficient to provide a basic understanding of the principles of the item, activity to be performed, 
or performance of the system 

Typical items that might be included in Level I1 descriptions are as follows: 

1) Safety related functional requirements 
2) Safety related design criteria 
3) Block diagrams 
4) General arrangements 
5) Operating modes 
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Level I11 applies to a qualitative overview sufficient to provide a general understanding of the item. 
activity, or system. This would be a generalized description of the item, activity, or system and its basic 
content, operation, performance, and purpose. 

1.4.3.4 Level IV 

Level IV applies to an identification of the item, activity, or system and its basic content and purpose. 

1.4.3.5 Level V 

Level V applies when no information is necessary on the item, activity, or system. 

1.4.4 Determinina Final Level of Detail 

The final overall "grade" or level of detail for a subtopic can be assigned once the grading factors (hazard 
category, complexity, life cycle, and mission time) have been determined for a structure, system. or 
component (SSC). The overall level of detail is the highest number taken from the level of detail 
numbers assigned each grading factor. Using Table 9-2, subtopic "Derivation of Principal Safety 
Criteria," as an example with the following grading factors/(level of detail from table) assigned: hazard 
category - 3/(IV), complexity - simple/(III), life cycle - construction/(II), and mission time - short/(III), 
would assign a final overall grade of IV for that subtopic. 

1.5 PSAR Organization 

This PSAR is structured in accordance with the format and sequence specified in DOE Order 5480.23, 
Attachment 1, and in draft Project Safe0 Analysis Report Guide (Ref. 1.9). Each section of this 
document corresponds to a similar section in the SSARR which has the same number and includes generic 
sitewide information on the same topic. . 

Correspondence between this document and DOE Order 5480.23, Attachment 1, is indicated in Table 1-2. 

1.6 Items Requiring Further Development 

The following items will be developed for later revisions of the SAR. Commitments to be fulfilled to 
support design and operation are cited in Subsection ES-5: 

1) Preparation of the FSAR for the Pilot Plant Program per DOE Order 5480.23. . . .  
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2) Preparation of the Fire Hazards Analysis of the Pilot Plant Program 

Table 1-2 - DOE Order 5480.23/PSAR Cross Reference 

Facility Life Cycle I .3 

Structure of SAR I .5 

Applicable Statutes, Rules, Regulations and Orders 2 

DOE 5480.23, 
Attachment 1 
Reauirements 

3a 

3b 

3c 

Topic 

Site Status 5 

Site Description SSARR 

Environmental Threats 5.4 

WAR 
Section 

3d 

3e 

4a 

4b 

4c 

5 

6a 

la  

Site Characteristics 5.5 

Site Parameters SSARR 

Description of Safety Systems 6.5 

System Design 6 

Safety Features 6 

Hazard Analysis and Facility Classification 8 

Safety Criteria 3 

I Facilitv Overview I 1 .1  

6b 

6c 

lb  I Prime Contractors 1 1.2 
I 

Support Systems 6 

Process Systems 6 

7a 

7b 

8 

Wastes Generated 13.1 

Waste Process, Sources, and Treatment . 13. I 

Criticality Protection 10 

9 Radiation Protection 11 

II 6d 

10 

11 
- 

I New Facilitv Criteria I 3.6 

Hazardous Material Protection 12 

9 Analysis of Normal, Abnormal, and Accident Conditions 

6e I Logic of Criteria Derivation I SSARR, DCP 
I I 
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12b Organization Interfaces 

12c Safety Culture 

12d Configuration Control 
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17 

17.2 

17.2 

Table 1-2 - DOE Order 5480.23/PSAR Cross Reference (Continued) 

Occurrence Reports 

Staffing and Qualification 

Emergency, Operation, and Surveillance/ Maintenance 
Procedures 

Procedure Validation 

Human Factor in Procedures 

DOE 5480.23, 
Attachment 1 
R~UirementS 

17.3 

17.4 

18.1 

SSARR 

SSARR 

I 

Topic 

Training Program 

Human Factors 

Initial Testing, In-Service Surveillance, and Maintenance 

Technical Safety Requirements 

Conduct of Operations 

Safety Programs 

Quality Assurance 

Emergency Preparedness 

Decontamination and Decommissioning 

Applicable Facility Design Codes and Standards 

PSAR 
Section 

18.2 

4 

19 

20 

15 

SSARR 

14 

16 

21 

7 

It 12a 1 Contractor Organization 17.1 

~ 

II 12e 

13a 

II 13b 

II 13c 

I- 
II 1% 

II 21 
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1.1) 

1.2) 

1.3) 

1.4) 

1.6) 

1.7 

1.8) 

1.9) 
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SECTION 2 

APPLICABLE STATUTES, RULES, REGULATIONS, AND DOE ORDERS 

This section includes the information required by DOE Order 5480.23 (Ref. 2.1), Attachment 1 ,  
Item 2. The applicable statutes, rules, regulations, and DOE Orders common and generic to all projects 
at the FEMP are included in Section 2 of the SSARR (Ref. 2.2). 

The Vitrification Pilot Plant project is being undertaken as a treatabili~ study under CERCLA. As such, 
the project will attain compliance with pertinent statutes and regulations to the extent practicable (see 40 
Code of Federal Regulations [CFR] 300.400(g]). In addition to the statutes and regulations, other Federal 
and State non-regulatory'advisories, criteria, or guidance (known in CERCLA parlance as To-Be- 
Considered WCJ) may, as appropriate, be considered in formulating the project. The applicable 
statutes, regulations, and TBCs with their implementation are contained in the project Design Criteria 
(Ref. 2.3). 

2.1 Existing Facilities 

Because the silos were designed and constructed in the mid 1950s, they are not required to fully comply 
with current DOE Order and regulatory requirements for a low-hazard facility. The RTS was not built 
to the rules, regulations, and DOE Orders in effect at the time of construction in 1987. 

DOE Orders and regulations and Standard/Requirements Identification Documents (S/RIDs) govern and 
control the requirements for the topics addressed in this PSAR. The S/RIDs, which are broken into 24 
functional areas, are included in RM-0016, The Management Plan (Ref. 2.4). The DOE Orders and 
the S/RIDs for existing facilities are included in Table 2- 1. 

2.2 New Facilities 

During the OU-4 Pilot Plant Program, new facilities will be designed, constructed, and operated in 
accordance with the DOE Orders specified in Table 2-2, and the rules and regulations specified in the 
Design Criteria.DOE Orders govern and control the topics addressed in this PSAR. The S/RIDs, which 
are broken into 24 functional areas, are included in RM-0016, The Management Plan (Ref. 2.5). The 
DOE Orders and S/RIDs for new facilities are included in Table 2-2. 

. .. 
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Table 2-1 - Cross Reference of PSAR Section, DOE Order, 
and SIRID Functional Area for Existing Facilities 

Topic 

Maintenance Management Programs 

Occurrence Reporting and Utilization of 

General Environmental Protection Program 

Operations Information 

Hazardous and Radioactive Waste Management 
Program 

Radiation Protection of the Public and the 
Environment 

Environmental, Safety, and Health Programs for 

Safety Requirements for the Packaging and 

DOE Operations 

Transportation of Hazardous Materials, 
Hazardous Substance, and Hazardous Wastes 

Contractor, Industrial Hygiene Program 

Radiation Protection for Occupational Workers 

Conduct of Operations Requirements for DOE 
Facilities 

Personnel Selection, Qualifications, Training, and 
Staffing Requirements at DOE Reactor and 
Nonreactor Nuclear Facilities 

Unreviewed Safety Question 

Technical Safety Requirements 

Nuclear Safety Analysis Reports 

Natural Phenomena Hazards Mitigation 

FEMP-2337 
PSAR. Rev. 0 

Compliance' DOE SIRID 

Areaz 
(PSAR Section) Order Functional 

19 4330.4A 7 

16 5000.3B 1 1  

5 5400.1 5 

13 5400.3 17 

11 5400.5 14 

17 5480. I B 10,11 

FEMP 5480.3 12 
Procedures 
QP-12.04 
PP-03 14 

12 5480.10 10 

11 5480.1 1 14 

15 5480. I9 I 1  

18 5480.20 16 

All 5480.21 9 

20 5480.22 9 

All 5480.23 9 

8 5480.28 2 
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Compliance' 
(PSAR Section) 
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DOE S/RID 
Order Functional 

Areaz 

Table 2-1 - Applicable DOE Orders for Existing Facilities (Continued) 
Cross Reference of PSAR Section, DOE Order, and S/RID Functional Area for Existing Facilities 

(Continued) 

Topic 

Occupational Safety and Health Program for DOE 
Contractor Operated Facilities . 

15 I 5483*1A I 'O 
~~~~~ 

Emergency Management System I 16 I 55001A I 3 
~ _ _ _  

Reactor and Nonreactor Nuclear Facility 
Emergency Planning, Preparedness, and Response 
Program for DOE Operations 

~ 

16 
~~ 

5500.3 
~ 

3 

Quality Assurance 14 I 5700.6C I 8.13 I 
~ _ _ _  ~ ~ _ _ _  

' Unless otherwise noted 
The S/RID Functional Area, taken from RM-0016, Management Plan 

ERAFS l\VOLl :RSAPPS\RSDATA\ 
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11 5400.5 14 

I Fire Protection 

~ Contractor, Industrial Hygiene Program 

, Radiation Protection for Occupational Workers 

~ Conduct of Operations Requirements for DOE 
Facilities 

' Personnel Selection, Qualifications, Training, 
and Staffing Requirements at DOE Reactor and 
Nonreactor Nuclear Facilities 

12 

11 

15 

18 

5480.10 IO 

5480.11 14 

5480.19 1 1  

5480.20 16 

All 

20 

5480.21 

5480.22 

FEMP-2337 
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Table 2-2 - Cross Reference of PSAR Section, DOE Order, 
and S/RID Functional Area for New Facilities 

Compliance' 
(PSAR Section ) 

DOE 
Order 

SIRID 
Functional 

Area2 

Topic 

Occupational Safety and Health 17 I 3790.1A 1 10 

Maintenance Management Programs 19 I 4330.4A 1 7 

Occurrence Reporting and Utilization of 
Operations Information 

16 5000.3B 1 1  

General Environmental Protection Program 5 I 5400.1 I 5 

Hazardous and Radioactive Waste Management I1 program 

13 5400.3 17 

Radiation Protection of the Public and the 
Environment 

Environmental, Safety, and Health Programs for 
DOE Operations 

17 10, I I 5480.1 B 

Safety Requirements for the Packaging and 
Transportation of Hazardous Materials, 
Hazardous Substance, and Hazardous Wastes 

FEMP 
Procedures 
QP-12.04 
PP-03 14 

5480.3 12 

6 I 5480.7A I 6 

~ 

Unreviewed Safety Question 

Technical Safety Requirements 

9 

9 . .. 

~ ~~ 
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Compliance' DOE SIRID 

Areaz 
WAR Section ) Order Functional 

Table 2-2 - Applicable DOE Orders for New Facilities (Continued) 
Cross Reference of PSAR Section, DOE Order, and S/RID Functional Area for New Facilities 

(Continued) 

Nuclear Safety Analysis Reports 

Natural Phenomena Hazards Mitigation 

Startup and Restart of Nuclear Facilities 

Occupational Safety and Health Program for 
DOE Contractor Operated Facilities 

Emergency Management System 

Reactor and Nonreactor Nuclear Facility 
Emergency Planning, Preparedness, and 
Response Program for DOE Operations 

Quality Assurance 

General Design Criteria 

Graded Approach for Safety Analysis Report 

AI 1 5480.23 9 

8 5480.28 2 

19 5480.3 1 18 

15 5483.1A 10 

16 5500.1 A 3 

16 5500.3 3 

14 5700.6C 13 

3 6430.1 A 2 

AI I WHC-SP- N/A 
0960' 
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2.3 References 

2.1) United States Department of Energy, April 1992. DOE Order 5480.23, "Nuclear Safety 
Analysis Reports. " 

2.2) FERMCO, November 1993. Site Safety Analysis Reference Report, Rev. 1 .  FEMP-2319. 

2.3) 

2.4) FERMCO, December 1993. Ihe Management Plan. Rh4-0016. ' 

PARSONS, 1993. Design Criteria for the CRU-4 Pilot Plant Program, Rev. 0.  
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SECTION 3 

Subtopic 

List of safety criteria references 

Facility equipment and systems safety criteria 
(all SSCs) 

m 
-, 

Level of Detail 

IV 

IV 

8 9  

Logic used for selection of criteria 
- Silo 3 
- Remaining SSCs 
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111 
111 

PRINCIPAL HEALTH AND SAFETY CRITERIA 

The grading of topics in Section 3 is determined by the safety analysis for this project and the 
recommendations of WHC-SP-0960, Graded Approach to Safeery Analysis Reports (Ref. 3.1). As 
recommended, the level of detail considers the hazards, complexity, and life cycle of the project. Table 
3-1 lists the level of detail assigned to the principal safety and health criteria for the Systems, Structures, 
and Components (SSCs) in the Pilot Plant Program. Subsections 1.5 and 9.1 of this PSAR describe the 
logic used in determining the level of detail. 

Table 3-1 - Grading of Section 3 - Level of Detail Assigned 

Process equipment and engineered systems 
safety criteria (all SSCs) 

IV 

Each of the following subsections summarizes the information for the Pilot Plant Program that is required 
by Attachment 1, Items 2 and 6 of DOE Order 5480.23, "Nuclear Safety Analysis Reports" (Ref. 
3.2). Sections 3 and 5 of the SSARR (Ref. 3.3) summarize the sitewide principal safety and health 
criteria. 

The selection of criteria is based on the statutes, rules, regulations, and DOE Orders identified in Section 
2 of this PSAR. The criteria are selected to ensure protection of the workers, the public, and the 
environment. 

The SSARR is referred to in each subsection of the PSAR, as appropriate. If additional criteria apply, 
then a discussion of the additional criteria is given in each subsection. Principal health and safety criteria 
for SSCs are discussed in the appropriate subsections of Section 6 of this PSAR. 
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3.1 Natural Phenomena Hazards 

3.1.1 Performance Cateaory 

The performance goal annual probabilities of unacceptable damage given in Table 3-2 of the Design 
Criteria Package have been prescribed to be substantially equivalent with (I) the goals of model building 
code provisions for SSCs in Performance Category (PC) 1 and PC 2 and (2) the goals intended by nuclear 
power plant seismic criteria for SSCs in PC 4. 

The preliminary natural phenomena hazard*performance category for the pilot plant vitrification facility, 
hydraulic removal system, and radon treatment system is PC 2 based on the methods of DOE-STD- I02 1 - 
93 (Reference 3.4). The interface with Silo 3 has been preliminarily categorized as a PC 2, based on 
the criteria in DOE-STD- 102 1-93. 

3.1.2 Missile Protection Criteria 

Missile protection (wind, tornado, and external sources) criteria are discussed in Section 3 of the SSARR. 

3.1.3 Flood Desian Criteria 

The OU-4 Pilot Plant Program structures are not located in the loo-, 500-, or 2.000-year tloodplain. The 
facilities may be susceptible to puddling by the inability of local drainage to handle intense short-term 
rainfall. 

3.1.4 Seismic Desian 

Seismic design criteria are discussed in Section 3 of the SSARR. Based on a 0.13 g peak ground 
acceleration (PGA) (Table 3-4 of the SSARR), the return period for this earthquake at the FEMP is 
1.25E+3 years (Figure 5-4 of the SSARR). 

3.1.5 Loads and Load Combinations 

The loading criteria are discussed in Section 3 of the SSARR. Measures taken to ensure that loads are 
within acceptable limits (e.g., crane loading) are discussed in Section 20 of this PSAR. 

3.1.6 Subsurface Hvdrostatic Loadinas 

Subsurface hydrostatic loading criteria are not required for the OU-4 Pilot Plant Program. 
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3.2 Nuclear Criticality Prevention Criteria 
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The SSARR addresses nuclear criticality prevention criteria. Compliance with these criteria for the 
Vitrification Pilot Plant is discussed in Section 10 of this PSAR. 

3.3 Radiological Protection Criteria 

Radiological protection criteria are discussed in Section 3 of the SSARR. Additional design criteria exist 
for radon source term emissions for an interim storage facility. These criteria are contained in 40 CFR 
61 Subpart Q, "National Emission Standards for Radon Emissions from Department of Energy Facilities." 
and DOE Order 5400.5, "Radiation Protection of the Public and the Environment" (Chapter IV, 6.b). 
The limits associated with these design criteria are as follows: 

1) No source shall emit more than 20 pCi/m2s of radon-222, as an average for the entire source. 
into the air. 

2) The above-background concentration of radon-222 in air above an interim storage facility must 
not exceed 100 pCi/l at any point, an annual average of 30 pCi/l over the facility, or an annual 
average of 3 pCi/l at or above any location outside the site. 

The rationale for selection of design criteria for radon emissions is to comply with the ARARs to 
adequately protect public health and safety. 

3.4 Hazardous Material Protection Criteria 

Hazardous material protection criteria are addressed in Section 3 of the SSARR. 

3.5 Industrial Hazards Protection Criteria 

Industrial hazards protection criteria are discussed in Section 3 of the SSARR. Industrial hazards and 
their preventative/mitigative measures are addressed in the Project Health and Safety Plan. 

3.6 Fire and Explosion Protection Criteria 

General fire and explosion protection criteria are discussed in Section 3 of the SSARR. Criteria, if any, 
specific to the SSCs are discussed in Section 6 of this document. 
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3.7 Environmental Protection Criteria 

3.7.1 Gaseous and Particulate Effluent 

Environmental protection criteria for gaseous and particulate effluent treatment systems at the FEMP are 
discussed in Section 3 of the SSARR. Criteria for the control of radon-222 emissions are discussed in 
Subsection 3.3 of this document. Additionally, Ohio Administrative Code 3745-3 145(A)(3) requires the 
use of Best Available Technology (BAT) for the control of process emissions. 

BAT for radon emissions will be satisfied by the use of the RTS. BAT for sources of radionuclide 
particulate emissions is the use of HEPA filtration. Both of these control systems are included in the 
overall design of the OU-4 Pilot Plant. - 
3.7.2 Liauid Effluent 

General environmental protection criteria for liquid effluent treatment systems are discussed in Section 
3 of the SSARR. Specific criteria, if any, are discussed in Section 6 of this document. 

3.7.3 Monitorina and Alarm Svstem 

General environinental protection criteria for monitoring and alarm systems are discussed in Section 3 
of the SSARR. Radon monitoring criteria are discussed in Section 6 of this document. 

3.7.4 Waste Handlina and Storaae Svstems 

General environmental protection criteria for waste handling and storage systems are discussed in Section 
6 of the SSARR. Specific criteria, if any, are discussed in Section 6 of this document. 

3.8 Structures, Systems, and Components 

The criteria for the Pilot Plant Program are discussed in Section 6 of this document. 
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3.9 References 

3.1) Westinghouse Hanford Company, February 1993. Graded Approach for Safety Analysis Reports. 
WHC-SP-0960, Rev. 1. 

3.2) United States Department of Energy, April 1992. DOE Order 5480.23, "Nuclear Safety 
Analysis Reports. " 

3.3) FERMCO, March 1994. Site Safety Analysis Reference Repon, Rev. 1. FEMP-2319. 
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Categorization Guidelines for Structures, Systems, and Components, DOE-STD-1021-93. 
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SECTION 4 

HUMAN FACTORS 

Section 4 of the SSARR (Ref. 4.1) summarizes the generic information applicable to the entire site 
that is required by Attachment 1, Items 13b, 13c, and 14 of DOE Order 5480.23, "Nuclear Safety 
Analysis Reports" (Ref. 4.2). This information includes criteria and compliance, human factors 
associated with existing facilities, and human factor considerations for new facilities. 

Each of the following subsections identify human factor considerations and levels of detail associated with 
the OU-4 Pilot Plant Program. 

4.1 Graded Approach 

- 

The depth of human factors analysis should consider the importance of the function, the importance of 
operator response, life cycle, and the duration of the activity. Therefore, changes to the pilot plant design 
and the RTS upgrade resulting from human factors concerns shall be considered where cost-benefit or 
risk-tradeoff analyses indicate justification for expenditures. Existing SSCs, such as the silos, will 
incorporate human factors concerns only when applicable to the Pilot Plant Program and where cost- 
benefit or risk-tradeoff analyses indicate justification for expenditures. 

4.2 Human Factors Analysis 

The needs and requirements of the system operator were systematically examined as an integral part.of 
the design process. Decisions concerning which system functions to allocate to a human versus a machine 
shall be determined by analyses of the system functions required, impact of error or no action on safety, 
and a comparison of human requirementskapabilities and equipment requirementskapabilities to meet 
the separate system functions. Factors that will be considered during the function allocation decision 
process include system performance criteria, safety, cost, maintainability, scheduling, and training. For 
functions allocated to an operator, there will be a systematic analysis of those vital activity tasks that must 
be performed by the operator to satisfactorily complete the function, given a proposed system design. 

Operator task analysis results shall be the basis for establishing operator information needs. 

4.3 Project Human Factors Requirements 

An effective climate control system will maintain temperature at an acceptable level between the human 
and his or her working environment as specified in DOE Order 6430.1A. The temperature in the cbntrol 
room will be maintained at a nominal 72 degrees F degrees. The change rooms will be heated in the 

. -  
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winter but no climate control will be applied in the summer. The furnace area, electrical, and mechanical 
rooms will be controlled such that National Electrical Manufacturers Association (NEMA) equipment 
ratings are not exceeded (65-100 degrees F). 

Acoustic design will minimize noise level to ensure that the limits of DOE Order 5480.10 are not 
exceeded, to ensure that verbal communications are not impaired, to ensure that auditory signals are 
readily detectable, and to minimize auditory distraction that can cause operator error. 

Vibration shall be reduced to the extent practical to minimize operator irritation. 

The arrangement of controls and displays shall promote efficient use of task-related components, rapid 
location of any given component, and maximum operator awareness of plant conditions. Components 
shall be grouped together on the basis of spesific criteria appropriate to the required task. 

Personnel who work in a hazardous environment shall have convenient access to protective equipment 
including proper garments, emergency showers and eye washes, and other protective equipment necessary 
for the completion of their work. Provisions shall be made for access to and maintenance of protective 
equipment. 

Operator displays shall provide only the information about system status and parameter values that is 
needed to meet task requirements. Displays shall indicate whether they reflect demand versus actual 
status. Variables important to the adequacy of displays include letter size, font, contrast, viewing distance 
and angle, lighting, color, and complexity of the task. Failure of a display of any type shall be easily 
recognized and shall not immediately affect system performance while the operator evaluates the impact 
of the failure on the system and performs the required response/corrective actions. 

A control display operator shall be able to rapidly locate each component on a display. Measures shall 
be taken to reduce operator information overload. Each control device shall provide the appropriate 
control -capability, range, and sensitivity for necessary control settings and manipulations. Control 
operating characteristics shall conform with operator expectations. Selection of a control device shall 
fulfill any control requirements described in the task analysis of system functions. Selection of a control 
device shall consider whether a discrete or continuous function is present, the compatibility relationship 
between the control and any corresponding displays, the ease with which the function of control can be 
identified, the ease of identifying the control actuation mode provided by the control, the forces necessary 
to activate the control, and the tactile and/or visual feedback provided by control actuation. 

An effective audio-visual annunciator system shall alert personnel to a problem or abnormal condition 
and shall provide sufficient time to respond appropriately to the problem. Each warning shall be easily 
distinguishable from other alarms, but shall not be a distraction. Any specific wming shall have only 
one meaning. When there are many annunciator alarms, priority coding shall be used to assist in - - 

ERAFS 1 \VOLl :RSAPPS\RSDATA\ 
OU4\PO-SS\PSAR-O\HUMANFAC.S4 4-2 1/12/1995 



8 9  

FEMP-2337 
PSAR. Rev. 0 

determining message significance. False and nuisance alarms shall be minimized. Set point 
determination shall allow sufficient time for the operator to respond. 

A communication system shall allow the users to transmit and receive information accurately and 
conveniently with minimum distraction from the user's other tasks. A user requirement analysis shall 
be performed to determine which types of communication are the most appropriate, and what 
characteristics the selected system shall have. 

The surveillance, testing, and maintenance of a system and its restoration to operational effectiveness shall 
be achieved at a minimum cost with a minimum level of support service. 

4.4 References 

4.1) FERMCO, March 1994. Site Safety Analysis Reference Repon, Rev. 1. FEMP-23 19. 

4.2) United States Department of Energy, April 1992. DOE Order 5480.23, "Nuclear Safety 
Analysis Reports. " 
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SECTION 5 

SITE CHARACTERISTICS 

Section 5 of the SSARR addresses site characteristics. This section and Section 5 of the SSARR provide 
information to meet the requirements of Attachment 1 ,  Item 3, of DOE Order 5480.23 (Ref. 5. I). 

5.1 Location 

The four silos are located south of the waste pit area (see Figure 1-2). The new vitrification facilities 
will be constructed east of the silos (see Figure 1-3). 

5.2 Infrastructure 

- 

This project will use existing transportation routes, potable water, process water, fire water, final 
wastewater treatment, and electrical utility/service. Subsection 6.4.3 discusses the electrical power 
requirements and the project’s interfaces with the site electrical distribution system. Subsection 6.4.5 
discusses the use of existing FEMP process and potable water, Subsection 6.4.7 discusses the project 
interfaces with the general sump, and Subsection 6.4.10 describes the use of existing FEMP firewater. 

5.3 Controlled Areas 

The existing radiologically controlled areas will be used and are shown in Figure 1-3 

5.4 Natural Phenomena and External Events 

Natural phenomena and external events are addressed in Section 5 of the SSARR . 

5.5 Physical Characteristics 

The physical characteristics of the site are summarized in Section 5 of the SSARR 

Per 100-, 500-, and 2,000-year floodplain determination sitewide, OU-4 is above the 2,000-year 
floodplain (Ref 5.2). The location of OU-4 above the floodplain does not imply that the area is not 
subject to flooding by localized ponding. The area may be susceptible to flooding by the inability of 
water which falls in the area to run off. 
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5.6 Previous Environmental Assessments 

A Remedial InvestigatiodFeasibiiity Study (RI/FS) report has been submitted to EPA (Ref. 5.3). The 
FS includes the Proposed Plan (PP) and incorporates National Environmental Policy Act (NEPA) values. 
A Site-Wide Environment Impact Statement @IS) was attached to the O U 4  PP/FS that addresses 
cumulative impacts of the leading alternatives for each OU. 

5.7 References 

5.1) United States Department of Energy. DOE Order 5480.23, "Nuclear Safety Analysis 
Reports. " 

5.2) PARSONS, September 1993. 100- and 5WYear Sitewide Fbodplain Determination. 

5.3) United States Department of Energy, September 1993. Drafi Feasibility Study Report for 
Operable Unit 4. 
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SECTION 6 

FACILITY DESCRIPTION AND OPERATION 

The description of buildings, systems, and operations in this section provides the information required 
by Attachment 1, Item 4, of DOE Order 5480.23 (Ref. 6.2). Modified and existing Structures, Systems, 
and Components (SSCs) are described to a depth commensurate with their importance to the project and 
to the safety analysis. Some SSCs which traditionally are safety class may be treated with less importance 
because they are not applicable or do not have a safety impacron this project (e.g.. emergency power 
supply, containment barriers, and nuclear criticality). This section also includes information concerning 
SSC-related health and safety criteria which are intended to meet the requirements of Attachment 1 .  Item 
6, of DOE Order 5480.23. 

This section describes the health and safety criteria and design features for those SSCs that are part of 
the OU-4 Pilot Plant Program. These sections are subdivided as follows: 

1) Existing Buildings and Structures 
2) New Buildings and Structures 
3) Operating Systems 
4) Support Systems 

DOE Order 5480.23, Nuclear Safety Analysis Reports, states that the topics addressed in a SAR should 
be commensurate with their importance. A report published by the Westinghouse Management and 
Operating Contractors, WHC-SP-0960, Graded Approach for Safety Analysis Reports (Reference 6. I )  
suggests guidance in complying with DOE Order 5480.23 with respect to the grading of topics. In Table 
6-1 each of the topics is evaluated by numerically grading the prime considerations associated with that 
item, activity, or system. The considerations evaluated include the hazard associated with an item. 
activity, or system, its Life Cycle (construction or operation), and Mission Time. Hazard Category, as 
described in DOE Order 5480.23, is used for classifying the hazard, although 5480.23 considers facilities, 
not systems or topics. For the PSAR all topics addressed are for construction, whereas for the later 
revision of the SAR, the FSAR, all topics considered will be for the operation of the facility. The 
average grade evaluates the previous criteria and other subjective criteria (importance to production and 
importance to operating personnel). 

Table 6-1 identifies the level of detail assigned to each subsection as defined in Section 1.4 of this report. 
The level of detail is defined as follows: 
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Table 6-1 - Grading of Level of Detail for Section 6 Topics 

Life Cycle 
Construction 

Operation 
Grade 

for 
PSAR 

Mission Time 
Topic 

1 3  
~ 

Short Long 

I Facility Description 
and ODeration 

111 

V 
IV 
V - V 

I 

I11 I 111 

I11 I - 111 

111 111 

I 

I11 I I11 
111 I - I11 I - 111 

111 
II1 I - 

111 

111 111 

"_t_ I11 
I11 I11 I - 

I11 I - 111 

111 Ventilation 

Drawings, 

Performance 
I11 
V 

Configuration 
Commitment I v  111 - I -  V 
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Level I-A description of the item, activity, system sufficient to understand the numerical and logical basis 
used in the safety basis. The items included, might include the following: 

1) Safety related function requirement 
2) Design criteria 
3) One line diagrams 
4) Detailed physical description 
5) 
6) Detailed operating sequences 

Flow sheets with operating modes 

Level 11- A description sufficient to understand the basis for its safety application. The description 
should define the content of the item, activity, or system in sufficient detail to define its content purpose, 
functions, acceptance criteria and a basic understanding of its principles, and might include the following: 

1) Safety related function requirements 
2) Safety related design criteria 
3) Block diagrams 
4) General arrangements 
5) Operating modes 

Level 111-An overview description sufficient to provide general understanding of the item, activity or 
system. This would be a generalized description of its basic content, operation. performance, and 
purpose. 

Level IV-Identification of the item, activity, or system and its basic content and purpose. 

Level V-No information is necessary on the item, activity, or system. 

6.1 Existing Buildings and Structures 

The following subsections describe the health and safety criteria, material inventories, and design features 
for Silos 1, 2, 3, and 4 and the existing Radon Treatment Building. 

6.1.1 Silos 1 and 2 (K-651 

6.1.1.1 Health and Safety Criteria 

Safety class structures are needed when accident consequences could exceed the evaluation guidelines 
provided in proposed DOE-STD-3005-YR (Reference 6.3). There are no safetyclass safety criteria for 

- . -  
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the K-65 Silos since credit was not taken for an SSC to prevent or mitigate the consequences of an 
accident in the analysis of Section 9, "Analysis of Normal and Abnormal Operations and Accidents." 

The health criteria and industrial safety criteria for the K-65 Silos are identified in Section 3 of this 
PSAR. Health and safety criteria common to the site are identified in the SSARR. The design features 
used to meet applicable criteria are discussed below. Sections 11 and 12 discuss the radiological and 
hazardous materials protection programs, respectively, of this project. 

6.1.1.2 Description 

Contents 

- 
Silos 1 and 2 are used for the storage of the K-65 radium-bearing residues formed as byproducts of 
pitchblende ore and yellowcake processing. From 1953 to 1955, the FEMP refinery processed 
pitchblende ore from the Belgian Congo (Ref. 6.4). Pitchblende ore contains all of the decay products 
in the uranium decay series. No chemical separation or purification was performed on the ore prior to 
its arrival at the FMPC. From 1956 to 1960, the refinery feed stock consisted of uranium concentrates 
bellowcake) from Canada and the United States. The yellowcake residues contained uranium decay 
products, including radium-226 and thorium-230, in amounts that varied with the process. However, in 
the processing of the uranium concentrates, most of the uranium was removed (Reference 6.5). 

From 1952 to 1958, waste raffinates were pumped into the silos where the solids would settle and the 
free liquid would be decanted through a series of ports at various levels in the silo wall. Settling and 
decanting continued until the silos were filled to approximately 4 feet below the top of the vertical wall 
in Silo 1 and 6 feet in Silo 2. The underdrain and leachate collection system is shown in Figure 6-1. 

Tables 8-4, 8-5, and 8-6 tabulate the radionuclide inventory, organic inventory, and inorganic inventory 
of Silos 1 and 2, Silo 3, and the Vitrification Pilot Plant. Table 6-4 summarizes the volume and moisture 
contents of the silos. 

Structural 

The K-65 Silos are 80 feet in diameter (internal), 36 feet high to the center of the silo dome, and 27 feet 
high to the top of the vertical walls. The walls are 8-inch-thick concrete, as is the outer part of the 
domes, which reduces to 4 inches in thickness at the center. As part of the design, the exteriors of the 
K-65 Silos were coated with 3/4-inch of pneumatic mortar (Gunite). They are surrounded by an earthen 
embankment to a height of approximately 26 feet. The foundations of the K-65 Silos contain slotted pipe 
underdrains in an 8-inch gravel layer and are underlain by asphaltic concrete and compacted clay (see 
Figure 6-1). 

000066 
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Figure 6-1 - Typical Cross-Section through Silos 1 and 2 
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The K-65 Silos were constructed in 1952 and have been used since then for storing K-65 slurry residues 
from uranium ore processing. The structural features of the silos based on the original design provisions 
are shown on Preload Enterprises Drawing 51720. This drawing and other design and construction 
drawings cited in Table 6-2 are included in Appendix A. 

The concrete floor slab is 4 inches thick and is supported on a built-up foundation consisting of l-foot. 
5-inch thick, compacted impervious clay fill with a 2-inch layer of asphaltic concrete on top and an 8-inch 
thick layer of stone and gravel on top of the asphaltic concrete. A layer of tar paper is used on top of 
the stone gravel. Preload drawing SIT20.3 illustrates the silo foundations. 

In the 1960s, prestressing wires were deteriorating and corrective actions were required to maintain the 
integrity of the K-65 Silos. These actions included repairing the walls and constructing a berm on a 1.5: 1 
slope. In the early 198Os, the berm was enlarged to a 3:l slope. The soil used in the construction of 
the first berm was obtained from the area directly south and southwest of Silo 1. The soil used in the 
repair of the berms was obtained from the site of the Bio-Surge Lagoon (Reference 6.6). 

In 1985, a structural assessment was performed on the K-65 Silos (Reference 6.7). This assessment 
revealed that the walls and base slab were structurally stable and could function as containment for the 
dewatered solids for a period of 10 to 15 years, but the center 20-foot section of the domes was 
determined to be structurally unsound. To protect the center section, an action was implemented that 
included the placement of steel and plywood covers over the center portion of the domes. In' 1987, 3 
inches of rigid polyurethane foam topped by a 45-mil waterproof (neoprene), ultraviolet-resistant, 
urethane-finish coating was placed over the domes to provide weather protection and insulation. During 
the installation process, a temporary radon removal and treatment system was designed and installed to 
reduce radiation exposure to the workers. The RTS was not designed in accordance with any applicable 
design criteria. The various modifications done to the K-65 Silos are shown schematically in Figure 6-2. 

The engineering drawings available for Silos 1 and 2 are listed in Table 6-2 and are included in Appendix 
A. 

Bentonite CaD 

In 1992, the radon emission was reduced by applying a residue surface sealing bentonite slurry layer to 
Silos 1 and 2. Bentonite provides an inert sealing layer over the residue increasing the diffusion time 
required for radon-222 to enter the headspace (silo ullage). Since. radon-222 has a short half-life in 
comparison to the diffusion time across the bentonite, the radon that enters the headspace is reduced. 
Additionally, the bentonite clay provides shielding from gamma radiation and forms a protective layer 
for the residues in the event of a dome collapse. The effectiveness of bentonite in reducing off-site 
exposure is addressed in Subsection 6.4.9. 

. . .  
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Table 6-2 - Construction Drawing List 
(see Appendix A) 

Drawing No. Date Title Company 

Preload Enterprises, lnc. 5 1T20-3 71315 1 Two 125,000 cf Slurry 
Storage Tanks - Type K65 

51T20-6 7/16/51 Two 125,000 cf Slurry 
Storage Tanks - Tvoe K65 

Preload Enterprises, lnc. 

5 1T20-8 9/20/5 1 Two 125,OOO cf Slurry 
, Storage Tanks - Type K65 

Preload Enterprises, Inc. 

5 1T29-5 10/26/5 1 TWO 125,OOO cf Tanks - 
Details 

Preload Enterprises, Inc. 

5 1T29-6 1 1/ 1915 1 Anchor Bolts for Pipe 

K65 & Metal Oxide Tanks 
supports, 2-125,000 ff, 

Preload Enterprises, Inc. 

5 1T29-7 2/ 13/52 Two Metal Oxide Tanks Preload Enterprises, Inc. 
3034-A-01 -A 112 1 152 Concrete - K-65 Slurry Line 

Trench Plan, Elevation & 
Details 

Catalytic Construction Co. 

3034-A-02-A 31 13/52 Structural Pump Pit & 
Flange Access Compartment 

for Decant Tank - K65 
Storage Area 

Catalytic Construction Co. 

MA-5500-E -00036, 
Rev. 1 

2/6/89 Pole-Mounted Electrical 
Distribution System for the 

Waste Pit Area 

Westinghouse Materials 
Company of Ohio 

3034-H-53-A Catalytic Construction Co. 3/3/52 General Layout - K-65 

3/3/52 Trench Piping Plan 
. 3/3/52 Trench Piping Sections 

4/8/52 Sheet Metal Flashing 

Storage Area 
3034-H-55-A Catalytic Construction Co. 

Catalytic Construction Co. 3034-H-56-A 
3034-H.,G.A.F. Co 5 SA George A. Fuller Co. 

~~~ ~ ~ 

3034-C-3011-A catalytic Construction co .  Plot Plan - Lighting and 
Power Outside Tanks Drum 

Handling Building K-65 
Storage Area 

34X-5500-S-00108 Camargo Assoc. Ltd. 12/16/85 Site, Demo, and Location 

'12/16/85 Dome Plant & Details 
3/11/91 RTS Piping Layout Plan 

Plans 
34X-5500-Sa0 109 Camargo Assoc. Ltd. 

Westinghouse Environmental 
Management Company of 

Ohio (WEMCO) 

34X-5500-P-0 125 

I I 

34X-5500-P-0 127 I 311 1/93 I RTS Improvements - Details WEMCO 
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The Decant Sump System was designed to collect the liquid that accumulated on the K-65 slurry in the 
silos and to collect any liquid that accumulated under the silos. Liquid was drained off daily into the 
system as the Silos were being filled. Currently, the decant portion is buried in the berm and the active 
part of the system consists of an underdrain subsystem which conducts water from Silos 1 and 2, to a 
9,000 gallon Decant Sump Tank. A 30-inch diameter corrugated galvanized pipe which provides access 
from the top of the berm to the tank was added when the berm was constructed. The liquid content of 
the Tank has been removed. The tank is periodically monitored to ensure that it receives no liquid from 
the Silos and that it remains empty. 

Source Term 

The source terms of radionuclides and hazardous materials contained in the silos are described in Section 
8. The only source of airborne radioactive material during normal conditions is radon that escapes the 
confinement of the silos. The average airborne concentration of radon in air has been measured at the 
silo fenceline. Access to the area inside the fence is restricted and is posted as a radiological exclusion 
zone. 

6.1.1.3 Radiation and Hazardous Material Protection Design Features 

There are several features associated with the K-65 Silos that are related to reducing radiation exposure 
of personnel and the general public. These features are shielding, low permeable exterior coating, the 
RTS (when operating), and monitoring stations. The RTS is discussed in Subsection 6.3.3. 
monitoring stations are discussed in Subsection 6.4.9. The silos meet the criteria for radon concentrations 
in the workplace per DOE Order 5480.11 (Reference 6.8) and for the environment off site per DOE 
Order 5400.5 (Reference 6.9). However, the silos do not meet the radon flux criteria specified in 40 

CFR 61, Subpart Q (Reference 6. lo). As provided for by 40 CFR 61.19, compliance with the radon flux 
standard is being negotiated with the US EPA as part of the Radon NESHAPS Agreement for the FEMP. 
Based upon these negotiations, it is expected that compliance with the flux standard will be deferred until 
the remediation of the OU-4 Silos is completed. 

The- 

The K-65 Silos are surrounded with a berm made of soil. The primary purpose of the soil berm is to 
counterbalance the load from the silos’ contents. The berm also reduces the direct gamma radiation dose 
rate and amount of radon that escapes from the silo through the side walls. The berm slows the diffusion 
of radon so that a significant portion of the radon deCays within the berm. Consequently, some of the 
soil in the berm is contaminated with radon-222 decay daughters. 

The foam and urethane coating provide protection from weathering. The insulation minimizes the daily 
temperature changes within the silo dome head space. The daily temperature difference h& been . 

. -  
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guaranteed by the foam's manufacturer to be less than 4 degrees C (Reference 6. I I). By minimizing the 
temperature fluctuations, the expansion of the gas in the dome headspace is minimized, thus, reducing 
the release of radon to the atmosphere due to the changing volume of the gas with temperature. 

The bentonite cap is discussed in Subsection 6.1.1.2 and its effectiveness in Subsection 6.4.9. 

6.1.2 Silo 3 

6.1.2.1 Health and Safety Criteria 

Safety class structures are needed when accident consequences could exceed the acceptance criteria 
provided in proposed DOE-STD-3005-YR (Reference 6.3). Since credit was not taken for the structure, 
system, or component to prevent or mitigate the consequences of an accident in the analysis of Section 
9, "Analysis of Normal and Abnormal Operations and Accidents," there are no safetyclass safety criteria 
for Silo 3. 

Health and safety criteria common to the site are addressed in the SSARR. Criteria specific to this 
project are discussed in Section 3 of this PSAR. 

The design features used to meet applicable criteria are discussed below. Sections 11 and 12 discuss the 
radiological and hazardous materials protection programs, respectively, of this project. 

6.1.2.2 Description 

Silo 3 was constructed in 1952 to store metal oxide residue from the FEMP refinery operations. Silo 3 
is located south of the Waste Pit Area of the FEMP property. Silo 3 is a freestanding, prestressed 
concrete, domed silo approximately 80 feet in diameter, 27 feet high at the top of the wall, with a 4-inch- 
thick concrete floor over an 8-inch layer of gravel. Below the gravel is a 2-inch-thick layer of asphaltic 
concrete underlain by approximately 17 inches of compacted clay. Unlike the K-65 Silos, Silo 3 has no 
underdrain system. The domed roof tapers from 8 inches thick at the silo walls to 4 inches thick at the 
apex, which is 36 feet high at the top of the dome (Figure 6-7). All other construction details are 
identical to those of Silos 1 and 2. 

Silo 3 was designed to receive dry materials only. The waste placed in Silo 3 resulted from processing 
uranium ore concentrates and thus @e waste contains some natural uranium. The FEMP refinery 
operations produced slurries which were dewatered in an evaporator and calciner to produce dry residues. 
The dried residues were then blown under pressure into Silo 3. 
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Silo 3 contains normal uranium, radium, thorium, silica, and other metal oxides. Tables 8-4, 8-5, and 
8-6 tabulate the radionuclide inventory of Silos 1 and 2, Silo 3, and the Vitrification Pilot Plant. Table 
6-4 summarizes the volume and moisture contents of the silos. 

Silo 3 Removal Action 

During a December 10, 1991 Silo 3 dome inspection, structural deterioration of the dust collector 
sidewalls was observed. DOE-FN, as the lead agency, found that a removal action to remove the dust 
collector and to seal the resultant openings was prudent. The DOE-FN deemed that the threat of airborne 
release of fugitive metal oxide dust required an expedited removal action pursuant to the US EPA 
Superfund Removal Procedures, OSWER Directive 9360.043B. 

In accordance with the requirements of the Amended Consent Agreement, under CERCLA 120 and 
106(a), between the DOE-FN and the US EPA, the Silo 3 Removal Action was implemented to protect 
human health and the environment from the imminent threat of an airborne release of metal oxide dust 
form Silo 3. Though this removal action was not formally called an emergency, it was considered an 
"expedited" removal action. Planning and scheduling activities began on December 12, 1991. This 
removal action was initiated on December 20, 1991. Planned work activities ensured that all penetrations 
through the dome were immediately covered with temporary seals until a permanent cap or gasketed steel 
plate was installed. Removal of the dust collector and permanent sealing of all obvious open pathways 
was completed on January 8, 1992. 

The waste generated from the removal action was containerized and managed in accordance with project 
management procedures, and in a manner consistent with RCRA regulations which were determined to 
be relevant and appropriate requirements. The material was stored in a controlled holding area until the 
final determination was made. The waste generated by this removal action was characterized as non- 
hazardous by a RCRA waste determination. The Silo 3 Removal Action is considered complete. 
Shipment of the waste resulting from this removal action to an approved off-site disposal facility was 
initiated on October 9, 1992. 

6.1.3 Silo 4 

6.1.3.1 Health and Safety Criteria 

Safety class structures are only needed when accident consequences could exceed the acceptance criteria 
provided in proposed DOE-STD-3005-YR (Reference 6.3). Silo 4 is empty and will be partially filled 
with inert surrogate material. Therefore, there are no safetyclass safety criteria for Silo 4. 

The health criteria and industrial safety criteria for Silo 4 are identified in Section 3. 
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Standard industrial hazard protection, which is not addressed in the safety analysis, is the prime concern 
during the Silo 4 waste removal and transport demonstration. Because the testing associated with the 
transfer is not a radioactive non-routine hazard, the Silo 4 testing does not form part of this PSAR. 

6.1.3.2 Description 

Silo 4 has never. been used and is empty. The construction details are identical to Silo 3. It will be used 
to demonstrate the effectiveness of a waste removal and transport system (see Subsection 6.3.2). As part 
of the demonstration, (1) a hole approximately 6 feet in diameter will be cut in the center of the dome 
and (2) a superstructure will be installed over Silo 4 to support the waste removal and transport 
equipment. 

6.1.4 Structural Analvsis of Silos 1. 2. 3, and 4 

A recent analysis, performed in the fall of 1993, was based on the internal forces and elastic 
displacements of thin shells (Reference 6.11). The analysis was completed for the silos as part of the 
ongoing OU-4 remediation effort. The allowable stress design method as permitted by ACI 318 
(Reference 6.12) was used for evaluating the stresses in all four silos. Silo material properties and data 
from the 1986 NDT results by Camargo and Associates (Reference 6.13) were used in this analysis. 

Based on the results of structural analyses performed to date and the assumptions made as part of those 
analyses, including an assessment of the applicability of the original design criteria, the structural integrity 
of the silos should not be affected by the proposed 7-footdiameter opening at the center of the dome. 
Based on 1993 NDT results, the four silos are structurally sound (Reference 6.21). 

A final natural phenomena analysis and performance categorization is required for Silos 1 ,  2, 3, and 4 

per DOE Order 5480.28. 

6.1.5 Radon Treatment Buildinq 

6.1.5.1 Health and Safety Criteria 

Safety class structures are only needed when accident consequences could exceed the acceptance criteria 
provided in proposed DOE-STD-3005-YR (Reference 6.3). Since credit was not taken for the structure 
to prevent or mitigate the consequences of an accident in the analysis of Section 9, "Analysis of Normal 
and Abnormal Operations and Accidents," there are no safetyclass safety criteria for the Radon 
Treatment Building. 

ERAFS 1 \VOLl :RSAPPSWDATA\ 
OU-4\PO-SS\PSAR~\FACIDESC.S6 6-13 I I121 1995 



.. .. 
.A* 

FEMP-2337 
PSAR. Rev. 0 

The health criteria and industrial safety criteria for the Radon Treatment Building are identified in 
Section 3. 

The design features used to meet the applicable criteria are discussed below. Section 1 1  presents the 
radiation protection features of this project. 

The preliminary. performance categorization for the vitrification facilities is in the DCP. The final 
performance categorization must be completed prior to operations per DOE Order 5480.28. 

6.1.5.2 Description 

The existing radon treatment building is a metal building surrounded by concrete blocks which contains 
two calcium sulfate beds, eight activatedcarbon beds, and two fan units. These fans were abandoned 
in place and replaced by a single unit outside of the building. The building is surrounded by 32-inch- 
thick concrete radiation shielding walls of stacked, interlaced, solid, unmortared concrete stretcher blocks. 
Other equipment includes the valves and piping used to transport air from and back to the silos. The 
valves can be operated from outside the shielding walls by means of actuating rods that go through the 
shielding. The shielding reduces the gamma radiation dose rates from the radioactive decay of the 
materials collected within the activated-carbon canisters. The existing RTS and planned RTS upgrades 
are discussed in Subsection 6.3.3. 

6.2 New Buildings and Structures 

Table 6-3 lists the process flow diagrams, process and instrumentation drawings, material handling, 
mechanical utilities, and building and equipment layout drawings for new and modified structures and 
systems. The drawings are located in Appendix B. 
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Drawing No. Rev. 

1 

1 

94X-5900-E404 15 

Title 

Electrical - Single Line Diagram 
Pilot Plant 

Process - Process Flow Diagram 
Hydraulic Waste Retrieval and Dewatering 

94X-5900-F-00278 

1 

1 

94X-5900-F-00279 Process - Process Flow Diagram 
Feed Preparation and Vitrification 

Process - Process Flow Diagram 
Off-Gas Treatment 

94X-5900-F-00280 

1 

I 

I 

0 

- 

94X-5900-F-00493 
~ 

Process - Process Flow Diagram 
Silo 3 Pneumatic Waste Removal 

Process - Process Flow Diagram 
Silo Radon Treatment System 

Civil - Site Plan 

Air Flow and Control Diagram 
Pilot Plant 

Configuration Sketch Agitated Joule-Heated Vitrification Furnace 

94X-5900-F-00700 

94X-5900-6-00544 

94X-5900-H-005 1 1 

SKM0204 1 

Note: All drawings li 
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Table 6-3 - New and Modified Structures and Systems 
(See Appendix B) 

~ 

6.2.1 Prefabricated Vitrification Building 

6.2.1.1 Health and Safety Criteria 

Safety class structures are needed when accident consequences could exceed the acceptance criteria 
provided in proposed DOE-STD-3005-YR (Reference 6.3). Therefore, there are no safetyclass safety 
criteria for the Prefabricated Vitrification Building since credit was not taken for the structure to prevent 
or mitigate the consequences of an accident in the analysis of Section 9, "Analysis of Normal and 
Abnormal Operations and Accidents. 'I, Consideration for the prefabricated vitrification building affecting 
components with a greater performance category per DOE Order 5480.28 is made. 

The health criteria and industrial safety criteria for the Prefabricated Vitrification Building are identified 
in Section 3. The design features used to meet the applicable criteria are discussed below. . . -  
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6.2.1.2 Description 

The building shall meet the requirements for a temporary structure built as a Category 3 non-reactor 
nuclear facility per DOE Orders 6430.lA and 5480.23. The building is designed to shelter electrical 
equipment, the furnace, the operations control center, and a support area. 

The building is designed for a maximum design life of 30 years and a minimum design life of 1 year and 
is classified as Type 2B construction. It is categorized to be used as Factory Occupancy, Moderate 
Hazard, with an approved fire suppression system. 

6.3 Operating Systems 

The OU-4 Pilot Plant Program includes the Silo 3 Pneumatic Waste Removal System, Hydraulic 
Surrogate Waste Removal, the Vitrification Pilot Plant, and Silos 1 and 2 Headspace Radon Treatment 
System. The vitrification pilot plant includes the K-65 Silos Waste Retrieval and Dewatering, Feed 
Preparation, Furnace, Containerization, Off-Gas Treatment, and Wastewater Treatment systems. 

6.3.1 Silo 3 Pneumatic Waste Removal (Drawina No. 94X-5900-F-004931 

6.3.1.1 Health and Safety Criteria , 

Safety class structures are only needed when accident consequences could exceed the acceptance criteria 
provided in proposed DOE-STD-3005-YR (Reference 6.3). Therefore, there are no safety-class safety 
criteria for the Silo 3 Pneumatic Waste Removal System since credit was not taken for the system to 
prevent or mitigate the consequences of an accident in the analysis of Section 9, “Analysis of Normal and 
Abnormal Operations and Accidents.” 

6.3.1.2 Description 

The major components of the Silo 3 Pneumatic Waste Removal System include a portable vacuum blower 
with HEPA filter, filtedreceiver, and a surge bin. 

As illustrated in Drawing 94X-5900-F-00493, a pneumatic transfer system wh.ich is mounted on a flatbed 
trailer transports Silo 3 material and air from the Silo to a receiver unit where the residue falls into a 
surge bin. After 10 tons of material have been transferred to the surge bin, h e  trailer with the surge 
bin is moved from its location on a pad near the Silo to the Vitrification Plant for processing. The 
volume of the tank is about 1/40 of the total contents of the Silo. Air without the entrained material is 
returned to the Silo by the portable vacuum blower.. A HEPA filter in the vacuum blower inlet protects 
the blower’s bearing from erosion and decreases the possibility of outleakage of radioactive particulate. 
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Moisture 
Location Content 

In Situ Waste Density Dry Solids 

Weight % 
(cubic yds) (PCf) 

The inlet and the outlet piping enters the Silo through sealed (i.e., bagged) manways which prevent 
outleakage to the atmosphere. The outlet from the silo is connected to one of four peripheral manways. 
The elevation and horizontal location of the vacuum nozzle is controlled by a worker on the dome. The 
vacuum nozzle and the air return nozzle are connected to 3-inch rubber hoses. The return nozzle from 
the bin enters the silo through the center manways. A small compressor is connected to the filter receiver 
to periodically blow the material off the bags within the filter. 

128 (4) 

63 (4) 

6.3.2 Vitrification Pilot Plant 

9,700 (3) 30 (3) 
(Silo 1 + 2) 

4,200 (3) 5 (3) 

Table 6 4  lists the waste materials present in the silos and is included as background information only. 
The operating systems designed as part of the OU-4 Pilot Plant Program will only treat a small portion 
of those waste materials for the K-65 Silos and Silo 3. The pilot plant will process K-65 material (20 
tons) and Silo 3 material (10 tons) on a continuous basis, at 1 metric ton of product per day (the days 
may 'not be consecutive). 

Table 6-4 - Summary of Silo Waste Materials 

I I I I I 

BentoGrout Silo I 
Cover 

465 (1) 
411 (1) 

71.4 (4) I 12 (5) 75 (5) 1 77.1 (4) 1 137 (5) I 68 (5) 

4,291 (1)  
3,720 (1) 

5,200 (2) 

Notes: 
(1) Reference 6.14 
(2) Reference 6.15 
(3) Reference 6.16 
(4) Reference 6.17 
(5) Per application data 

6.3.2.1 Health and Safety Criteria 

Safety class structures are only needed when accident consequences could exceed the acceptance criteria 
provided in proposed DOE-STD-3005-YR (Reference 6.3). Since credit was not taken for the structure - 
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to prevent or mitigate the consequences'of an accident in the analysis of Section 9, "Analysis of Normal 
and Abnormal Operations and Accidents," there are no safety-class safety criteria for the Vitrification 
Pilot Plant process systems. 

The health criteria and industrial safety criteria for the vitrification process systems are identified in 
Section 3. 

The design features used to meet the applicable criteria are discussed below. Sections 11  and 12 discuss 
the radiological and hazardous materials protection programs, respectively, of this project. 

6.3.2.2 Hydraulic Waste Retrieval and Dewatering (Drawing No. 94X-5900-F- 
00278) 

The major components of the Hydraulic Waste Retrieval and Dewatering system include a pilot plant silo 
residue removal pump, thickener tank, thickener mechanism and rake, residue slurry pump (and spare), 
recycle water tank, recycle water pump (and spare), containment sump pump, flocculant addition 
components including flocculant tank, flocculant tank agitator, and flocculant tank pump. 

As illustrated in Drawing 94X-59000-N-00502, the residues are removed from Silos 1 and 2 by means 
of hydraulic removal. A pump is lowered through a manhole into the silo by an overhead crane and 
recycled process water is used to slurry the silo material. The line inlets through the dome manhole are 
sealed (Le., bagged) to minimize' outleakage from the silo. After completion, the manhole and the 
bentonite penetrations are restored to their original condition. In keeping with good radiological 
practices, the RTS (Subsection 6.3.3) is used to reduce radon in the head volume (the space between the 
bentonite cover and the concrete dome cover) prior to accessing the dome. 

This slurry is pumped to the thickener for dewatering. The thickener has a motorized rake. inlet 
connections for additives and water, and outlets which vent to the off-gas system and for the two residue 
slurry discharge pumps. The thickener allows the solids in the slurry to settle to produce a 50 percent 
solids underflow, and an overflow that is essentially water. The air operated diaphragm pumps for the 
thickener underflow discharge to the slurry tanks (Feed Preparation System). If the moisture content 
of the pump discharge is unsatisfactory, or if feed is not required at Feed Preparation (Subsection 
6.3.2.3), the slurry is recycled back to the Thickener Tank. The Dewatering System and the Feed 
System are capable of providing the maximum process flow requirements of the melter. A nominal 20 
tons of silo material will be processed. 

The Thickener Tank overflow goes to the Recycle Water Tank for reuse as described in this section. 
Both the slurry line from the silo to the thickener, and the recycle water from the Recycle Water Tank 
to the slurry pump at the silo are double-walled to provide secondary containment. 

. .  
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The residue’s moisture content will be determined by the operational requirements and the need to 
minimize wastewater. Process water will be supplied by the FEMP utilities. The quality of the water 
used during the removal operations will be maintained within process and/or regulatory limits by 
sampling the recycle water streams and providing for the required make-up or bleed volumes. Recycle 
water will be reused to the maximum extent possible by the various system processes. A bleed-off of 
the recycle water line will be sent through a wastewater filter, then onto the building sump to reduce the 
buildup of dissolved solids in the Recycle Water System. The wastewater filters are discussed in 
Subsection 6.3.2.7. Building sump water is pumped to the High Nitrate Tank. 

As discussed in Section 1 1 ,  shielding is added to the major components and piping to reduce dose rates 
to personnel to ALARA. Tanks are diked, when necessary, to control spills contamination. The 
thickener and recycle water tanks exhaust to the Off-Gas Treatment system described below. Drawing 
Nos. 94X-5900-N-00502 and 94X-5900-N-0269, not included in this PSAR, are the piping and 
instrumentation drawings for waste removal and dewatering, respectively. 

6.3.2.3 Feed Preparation and Vitrification (Drawing No. 94X-5900-F-00279) 

The major components of the Feed Preparation system include a bag dump station, dust collector, two 
filterlreceivers, portable vacuum blower with HEPA filter, Silo 3 surge bin, slurry tanks, slurry tank 
agitators, and slurry tank pumps. 

The feed preparation system will receive conditioned residues from K-65 Silos via the thickener and 
unconditioned residue from Silo 3 via the surge bin. Feed material will be transported to a slurry tank 
(two installed) and mixed with additives. The additives will consist of soda ash (sodium carbonate) and 

test quantities of other additives to be used for testing and trial purposes. The residue/additive mixture 
will be transported to the furnace for vitrifying. Addition of recycle water to the slurry tanks will ensure 
the proper percentage of solids in the vitrification feed material. The process parameters are shown on 
the process flow diagram 94X-5900-F-00279. 

As discussed in Section 1 1 ,  shielding is added to the major components and piping as necessary to reduce 
dose rates to ALARA. Tanks are diked, when necessary, to control spill contamination. Dust from the 
additives is prevented from entering the environment by .the use of a dust collector. The filterlreceiver 
exhausts through a HEPA filter to minimize release of feed material to the environment during the 

. transport of feed to the slurry tanks. The slurry tanks and the furnace exhaust to the Off-Gas Treatment 
system described below. The piping and instrumentation for the additive transfer are shown in Drawing 
No. 94X-5900-N-00529 and 94X-5900-N-00530, which are not part of this PSAR. 
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6.3.2.4 Furnace (Sketch No. SKM02041) 

The vitrification of radioactive and hazardous wastes has  undergone thorough investigation since the 
1950s. The DOE has accumulated many years of operating experience with the vitrification process, and 
several other countries have experience. The US EPA has proposed vitrification as the best demonstrated 
available technology for high-level radioactive mixed waste and for arsenic-containing hazardous wastes. 

The major difference from commercial glass furnaces is that most commercial units do not have a 
completely contained molten pool. The furnace design is not complete and all pressure transients have 
not been defined. The furnace and the associated off-gas system should be capable of discharging all 
anticipated pressure transients resulting from non steady-state gaseous releases from the furnace. The 
current design does not permit water into the furnace except through the normal slurry feed point. A 
rupture of the cooling line would result in water leaking to the furnace exterior, not injection into the . 

furnace. Treatment of gases is addressed in Subsection 6.3.2.6. 

The feed into the furnace is monitored and sampled. The occurrence of an exothermic reaction would 
only result in a reduced electrical input and no increased explosion hazard. 

The pilot plant furnace will operate at a nominal rate of 1 metric ton of glass product per day for a total 
of approximately 30 days of operation. The operating days may not necessarily be consecutive. The 
subcomponents of the furnace are shown in Sketch SKM02041. 

Maior ComDonents of Furnace 

1) Furnace Assembly 
(1) Outer Furnace Containment Shell 
(2) Refractories and Insulation 
(3) Electrodes 
(4) 

(5) 
(6) 
(7) 

(8) 

Glass Discharge Chamber with Plenum Heaters 
Melting Chamber Electrodes (Bath Heaters) 
Bottom Drain, Sulfate Drain, and Glass Discharge Spout 

Instrumentation, and Agitator 
Slurry Feeding Mechanism and Controls 

. Removable Lid Assembly with Connections for Feed, Off Gas, Viewing Cameras, 

2) Agitator Assembly 
(1) Liquid Cooled ShafdImpeller Assembly 

(2) 
(3) 

Drive Train Including Electric Motor, Gear Box, Couplings, and Bearings 
Agitator Support Structure with Adjustable Retraction Assembly 
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3) Cooling Systems for the Following Major Components 
(1) Outer Furnace Shell 
(2) Agitator Shaft/Impeller 
(3) Feed Nozzle (if required) 
(4) Skimmer 
(5) Bottom Drain Valve Mechanism 

4) Instrumentation 

5)  Controls 
(1) Furnace 
(2) . Agitator 
(3) Cooling Systems 

Furnace Design Reauirements 

The following are the operating requirements for furnace design; the pilot plant operating conditions will 
be varied within the following ranges to determine optimum melting rates, temperatures, and formulations 
to satisfy the vitrification requirements: 

Minimum Operat'ing Life I year 
Design Life 3 years 
Operating Temperature 
Operating Rate (Nominal) 
Furnace Design Temperature 
Feed Solids Content 
Feed Moisture Content 
Feed Rate 
Feed Temperature 2-26 degrees C 
Available Feed Pressure 

Bath Surface Area 
Bath Volume 27 ft' (Nominal) 
Furnace Pressure (Draft) 
Particle Size Analysis of Silo Materials See Appendix B of Ref. 6.18 

1,100 - 1,350 degrees C 
1 metric todday of vitrified material 
1,400 degrees C 
50 percent by wt. approx. 
50 percent by wt. approx. 
1 - 5 gpm of slurry (intermittent flow) 

Up to 5 psig 

9 ftz (Nominal) 

-0.5 to -0.25" W.C. 

Feed Slurry Density 80-100 Ib/ft' 

In addition to these design requirements, the overall design of the furnace allows for operation both with 
and without the agitator. The overall design is suitable for remote operation but hands-on maintenance. 
As discussed in Section 11 ,  personnel are shielded from the radiation of the furnace during operation. 

.. 
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Furnace Descriution 

Since the silo materials contain heavy metals which may settle out, the furnace has the capability of 
draining heavy metals or conductive sludges from the floor or lower portion of the furnace. The furnace 
has one bottom drain tap with manual remote on-off control. Any material drained from the furnace will 
be properly stored on site until final disposition can be determined. 

Since the silo materials contain sulfates, a molten salt or surface scum layer may form on the top of the 
melt surface, particularly when no agitation is applied. A drain tap which employs a water-cooled 
skimmer and provides manual remote on-off control is provided for removing this layer when necessary. 
The location of this drain is slightly below the height of the normal melt level as shown in sketch 
SKM02041. Any material surface scum skimmed from the furnace will be properly stored on site until 
final disposition can be determined. 

In addition, the design provides a tapping mechanism to permit manual remote shut-off of molten product 
discharge from the melting chamber to the tapping chamber. Normal operation will be continuous 
overflow through the discharge chamber. 

Silo material is a source of hazardous and radioactive particulates and gases (i.e., radon and VOCs). 
Consequently, a furnace lid with accesshstrument ports seals the furnace (as air-tight as practicable) to 
provide containment of the furnace off-gases and particulates. The furnace is exhausted to the off-gas 
treatment system discussed in subsection 6.3.3.6. The lid includes connections for a slurry feed nozzle, 
an exit nozzle for the off-gas, access ports to accommodate electric heaters for melter start-up and plenum 
heating, access ports for thermowells, a pressure tap, nozzles for remote viewing capability, and an 
access port for the agitator assembly. The lid accommodates remote viewing capability at a minimum 
of 4-inch diameter flanged nozzles and tubes at two locations, the melting chamber and the discharge 
chamber. The view ports are positioned to allow full view of the melt surface and the pour spouts and 
risers. Remote viewing will be by closed circuit television cameras. 

The agitator assembly is electrically insulated from the metal shell of the furnace and designed to prevent 
short-circuiting the electrodes. The assembly has a cooling system to maintain the necessary structural 
strength of the agitator shaft and impeller. The cooling is provided to the assembly by using a rotary 
gland seal. 

The agitator assembly is designed to perform the following functions: 

1) Mix the molten material as a means of improving the vitrified material matrix while maintaining 
the cold cap. 

2) Prevent the settlement of heavy metals and the formation of a sulfate layer. 
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3) Homogenize the molten vitrified material by thoroughly mixing the melter contents. 

The agitator support structure assembly is designed to accommodate and support the drive train assembly. 
The agitator shaft enters the furnace through an opening flange located on the furnace lid. The support 
structure allows for raising and lowering of the entire assembly to position the propeller in the molten 
material pool. The support structure is electrically insulated from the outer furnace shell. Prov.isions are 
made in the furnace design to allow for the removal of the entire agitator assembly from service without 
removing the furnace lid. 

Cooling systems are provided for: 

1) The agitator 
2) 
3) The feed nozzle 
4) The sulfate drain skimmer 
5) Bottom drain valve 

The outer furnace shell excluding the lid 

Instrumentation will be provided for the following parameters: 

1) Temperature measurement of; 
(1) 
(2) Plenum 
(3) Off-gas at exit 
(4) Each draidpour point 
(5) Discharge chamber 

(6) 

Molten bath (up to 1,400 degrees C) 

Cooling fluid inlets and outlets 

2) Differential pressure measurement of the furnace relative to the atmosphere. 

3) Monitoring of the furnace parameters including the following: 
(1) Power to electrodes 
(2) Current through electrodes 
(3) Voltage across electrodes 
(4) Skimmer position 
(5) Opening/closing all draidpour points 
(6) Melt bath level 
(7) Slurry feed rate 
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4) Monitoring of agitator parameters including: 

(2) Position 
(1) S e d  

As discussed in Section 11, shielding is added to the furnace and furnace piping to reduce dose rates to 
ALARA. 

6.3.2.5 Containerization 

The vitrified material will be continuously discharged from the melter to the gem-making machine. A 
steady cylindrical stream of free-falling molten glass from the melter is cut into individual globules of 
molten glass. The globules fall onto a smooth, non-stick surface to form elongated, domed gems with 
a flat bottom at a variable rate of 200 to 2,000 gramdminute. The gem-making machine forms shiny, 
smooth glass 4-gram gems, typically hemispherical or semi-elliptical, 2 centimeters in the longest axis 
(squashed marble). The molten glass temperature is 1,000 to 1,350 degrees C and the external 
temperatures about 60 degrees C. To maintain the radiation doses ALARA, the machine will have 
remote controls and instrumentatiodvideo. After initial cooling, the gems are placed into drums for 
additional cooling, storage, and transport. Because the purpose of this vitrification activity is to 
investigate glass forming techniques, the gem making portion of the machine may be passed aitogether 
and the molten glass directly discharged into a container. 

The glass, when tested by Toxicity Characteristic Leachate Procedure or by Extraction Procedures 
toxicity criteria, is nonhazardous. Bench testing indicates that the vitrified material will have a specific 
gravity of about 3.6 and will have undergone a volume reduction of 65 percent. The release of radon 
from the glass is essentially nil. 

6.3.2.6 Off-Gas Treatment (Drawing No. 94X-5900-F-00280) 

The major components of the off-gas treatment system are a quench tower, quench tower pump (and 
spare), desiccant tower, desiccant condensate pump, carbon bed vessels, one HEPA filter (one standb.y 
HEPA filter), exhaust fan, exhaust stack, caustic metering pump, packed tower scrubber, scrubber 
recirculating pump (and spare), scrubber collection tank, mist eliminator, and.a venturi scrubber. 

The melter off-gas is treated to meet emission standards and to limit radon release. The contaminant 
concentrations in the off-gas are based on the list and concentrations of constituents in Attachment 2 of 
the Design Criteria Document. The off-gas is treated to meet all ARARs identified in the Design Criteria 
Document. The treated off-gas is exhausted to the atmosphere and continuously monitored for regulatory 
compliance. 
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The furnace plenum temperature is expected to be a minimum of 800 degrees F. The VOCs will 
decompose at this temperature. Those VOCs that do not decompose by the time the furnace off-gas is 
cooled in the quench tower will collect on the carbon beds. Any buildup of VOCs is not expected to be 
sufficient to cause combustion. 

The maximum radon inventory in the off-gas system is estimated to be 4 Ci based on the 1 ton per day 
K-65 material process rate. 

Furnace off-gas that has been cooled and scrubbed mixes with off-gas from the thickener, recycle tank, 
and slurry tanks. The mixed off-gas passes through a desiccant tower, carbon bed vessels, HEPA filters, 
and the exhaust stack. The condensed water vapor containing dissolved desiccant is collected in the 
bottom of the desiccant tower and transferred to the building sump. The building sump is discussed in 
Subsection 6.4.7. 

Shielding is added to the major components and piping (or duct work) as needed to reduce dose rates to 
ALARA. 

Minimum amounts of C02 from the VOCs will be discharged to the atmosphere through the off-gas 
system. NO, and SO2 are reduced to below regulatory limits by the off-gas treatment system. The 
furnace treatment for hazardous wastes containing arsenic results in no significant arsenic effluent. 
Although the material being processed is well characterized, the product of the process known, and a 
proven off-gas design installed, the purpose of this project is to verify that the design and operation of 
the off-gas system is correctly understood and modeled. A radon sampler and an isokinetic air sampling 
system for particulate are installed in the discharge to ensure that the effluent to the environment is 
satisfactory and that the faciliiy functions as designed. 

6.3.2.7 Wastewater Treatment (Drawing No. 94X-5900-F-00278) 

The Wastewater Treatment System contains two wastewater filters with backwash connections. As 
discussed in Subsection 6.3.2.2, a recycle water bleed line is connected to the wastewater filters. The 
filters are used to reduce suspended solids in the recycle water. 

When needed, the wastewater filters are backwashed using process water. The filters are backwashed 
into the thickener. The piping and 
instrumentation for the Wastewater Treatment System are shown on Drawing No. 94X-5900-N-00274, 
which is not a part of this PSAR. Building sump water is pumped to the High Nitrate Tank. 

The process water supply is discussed in Subsection 6.4.5. 

The filtered wastewater generated during facility operations is transferred from the pilot plant to the 
building sump. The building sump is discussed in Subsection 6.4.7. 
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6.3.3 Silo Radon Treatment Svstem 

6.3.3.1 Health and Safety Criteria 

Safety-class systems are only needed when accident consequences could exceed the acceptance criteria 
provided in proposed DOE-STD-3005-YR (Reference 6.1). Therefore, there are no safety-class safety 
criteria for the RTS since credit was not taken for the system to prevent or mitigate the consequences of 
an accident in the analysis of Section 9, "Analyses of Normal and Abnormal Operations and Accidents." 

The health criteria and industrial criteria for the RTS are identified in Section 3. 

The design features used to meet applicable criteria are discussed below. Section 1 1  discusses the 
radiological program of this project. 

6.3.3.2 Original Design Description 

The RTS, installed in 1987, is currently abandoned in place but could be operated with appropriate 
authorization. It was designed to reduce the radiation dose at the silo dome surface on an as-needed 
basis. This radiation is produced by the radioactive decay of the residues in the K-65 silos. 

To operate the RTS, an air flow path is established through the four peripheral manholes from the silo 
through the RTS and back into the silo. The air from the silo first passes through the calcium sulfate 
beds which remove the moisture from the air. The air then passes through a minimum of two activated- 
carbon beds which remove the radon from the air by adsorption and return the filtered air to the silo. 
The radon remains trapped on the carbon filters. 

The RTS is designed as a closed recirculating system so that the radon from the silo air will be 
continuously adsorbed in the activated-carbon beds. The design time required to circulate the volume of 
the silo dome head is 48 minutes and 38 minutes for Silos 1 and 2, respectively. 

The RTS design assumed a 1,000 cubic foot per minute flow with an initial radon content in the silo 
dome headspace of 37 Ci and a one-time, 10-volume turnover for each silo. It was estimated that at least 
0.4 Ci remains in the silo domes following operation of the RTS because of the continual generation of 
radon gas from within the residues. 

Previous RTS piping improvements are shown on Drawing Nos. 34X-5500-P-00125 and 34X-5500-P- 
0127 (not included in this PSAR). The radon treatment building is discussed in Subsection 6.1.5 and 
houses the existing RTS with the exception of the replacement fan unit and piping to/from the silos. 
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The upgraded RTS will limit silo radon emissions during K-65 material removal operations. This system 
will be provided for Silo 2. The RTS, at some future time, may be realigned to Silo 1.  Drawing Nos. 
94X-5900-N-00497, 94X-5900-N-00500, and 94X-5900-N-OO50 1 (not part of this PSAR) identify the 
piping and instrumentation in the RTS upgrade. The existing carbon beds, adsorption containers, and 
building will be reused. New piping will be installed to replace existing RTS piping. Gas from the 
headspace is drawn through carbon filters and returned to the silos. The radon is adsorbed by the carbon 
filters. 

6.4 Support Systems 

The OU-4 Pilot Plant Program includes the building HVAC, electrical power, instrument air, water 
supply, cooling water, building sumps, sampling, monitoring, and fire protection support systems. These 
systems are required to be operable, as a minimum, for the duration of vitrification pilot plant operation. 
The electrical power and fire protection systems may be required to be operable until the pilot plant is 
decontaminated and decommissioned. 

6.4.1 Health and Safetv Criteria 

Safety class structures are only needed when accident consequences could exceed the acceptance criteria 
provided in proposed DOE-STD-3005-YR (Reference 6.1). Therefore, there are no safety-class safety 
criteria for the OU-4 Pilot Plant Program Support systems since credit was not taken for the system to 
prevent or mitigate the consequences of an accident in the analysis of Section 9, "Analysis of Normal and 
Abnormal Operations and Accidents." 

6.4.2 Vitrification Pilot Plant HVAC (94X-5900-H-00511) 

As noted in Drawing No. 94X-5900-H-00511, the HVAC system is designed to minimize the possibility 
for contamination of the area and the exterior. The area most susceptible to airborne contamination, the 
furnace area, is maintained at a negative pressure of -0.3 inch wg to ensure that air flow is from areas 
of lower contamination to areas of higher contamination. The furnace area exhaust is filtered, discharged 
through a high stack (12 feet higher than the vitrification process area structure), and monitored for radon 
and particulates. The stack is designed and located not to fall on adjacent facilities. Fire causes the 
system to shut down and the areas to be isolated. The system does not control humidity. Other 
operational and control features are illustrated and discussed in Drawing No. 94X-5900-H-0511 which 
forms a part of this PSAR. In the case of a flow failure, both supply and exhaust systems will be 
automatically shut down after a time delay and an alarm will annunciate. The salient features of the 
HVAC design are summarized in Table 6-5. 
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Area 

Furnace 

Table 6-5 - Vitrification Pilot Plant HVAC 

HVAC Features 

Supply with heating/cooling 
Exhaust fan with filters 
Exhaust discharge through stack and 
monitored for radodparticulates 
-0.3 inch wg maintained 
Both supply and exhaust fans stop 
with loss of supply or exhaust flow 

Temperature 

50 - 100 degrees F 

nominal 72, degrees F 

72 degrees F, minimum 

50 degrees F, minimum 

72 - 96 degrees F 

I 

Control Room I 2 HVAC units 

PPE Change and Storage Supply with heatingkooling 
Exhaust same as Furnace Area 
-0.1 inch wg maintained 

Electrical Equipment 

Battery Room 

Supply with heatingkooling 
Exhaust 
Local electric heater 

Supply with heatingkooling 
Exhaust 
Local electric heater 

6.4.3 EIectrical Power 

Section 6 of the SSARR discusses the site's electrical distribution system. 

6.4.3.1 Silos and Radon Treatment Building and System 
(Drawing No. 30344-301 1 -A) 

There are electric power sources for lighting around the silos and for operati 
exists on the fence perimeter in each of the four cardinal directions. 
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6.4.3.2 Vitrification Pilot Plant Building and Systems 
(Drawing No.  94X-5900-E-00415) 

The projected load requirements for the pilot plant are 1000 kVA. Electrical power will be supplied from 
the FEMP 13.2 kV distribution system. Two 3-1/C 350 kcmil, 15 kV power cables, one normal, one 
alternate, will be extended from two of the primary feeders, F2B and F4B in manhole 220, underground 
in concrete encased ducts. The two circuits are each capable of delivering approximately 9000 kVA. 
Should the normal primary feeder to the Pilot Plant be lost, the alternate feed can be energized before 
the glass within the insulated furnace solidifies. The circuits will serve a 2000 kVA, 13.2 kV - 480 V 
unit substation which is existing, government-owned equipment on the FEMP site. 

Dual primary circuits (normal, alternate) are considered adequate redundancy for all except process or 
other loads designated for generator backup. No safety class electrical equipment is required. In the 
event of a loss of normal power, all loads except battery backed-up lighting, battery backed-up fire 
protection equipment, and process control system instrumentation backup Uninterruptible Power Supply 
(UPS) for backed-up process control systems will lose power. The Vitrification Pilot Plant diesel 
generator will be manually started to serve process equipment. The 150 kW,  480 VAC generator 
provides power to the following loads from Motor Control Center 5-MCC-33B: 

Thickener Mechanism and Rakes 5-TH-02 

Scrubber Pumps 5-S 8-07/22B 

Slurry Tank Agitator 5-AG-05A and B 

Quench Tower Pump 5-PM-23B 

Recycle Water Pump 

Cooling Tower Pump 

Off-Gas Exhaust Fan 

Air Compressor Package 

Instrument Panel 

Backup Power Distribution 

5-PM-09B 

5-PM-28A 

5-FA-25A 

5-CM-44 

IP-1-1 

DP-4 (1 10 VAC) 

The above equipment minimizes the process consequences to equipment damage and permits an orderly 
shutdown until power is restored. 
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The diesel generator is located outside of the building, north of the control room. The diesel supplies 
the UPS. An orderly shutdown is enabled by a 15-minute battery power supply to the UPS batteries for 
critical control systems. 

6.4.4 Cornoressed Gases (Drawina No. 94X-5900-N-002751 

The instrument air system consists of an accumulator, compressor, two desiccant tanks, and three filter 
lubricator regulators. 

The instrument air system supplies air to the slurry pumps, spare storage tank pump, diaphragm-operated 
flow valves, additive filter/receiver, bag dump station, Silo 3 filtedreceiver, and the additive/Silo 3 
diverter valves. Instrument air passes through a filter lubricator regulator prior to entering the residue 
slurry pumps, slurry tank pump, and the spare storage tank pump. 

The instrument air capacity is 220 scfm. The compressor is rated for 260 scfm at a pressure of 100 psi. 
The instrument air system is not acceptable as breathing air. Loss of the instrument air system will cause 
the following: 

1) 
2) 
3) 
4) 

Loss of flow through the slurry tank pump 
Loss of flow through the residue slurry pumps 
Loss of pressure to the instrument air system piping 
Plugging in the pumps and piping 

The instrument air compressor package may be powered by the diesel generator. With a loss of power, 
instrument air and the air power will be restored. The associated air operated valves and air operated 
residue slurry pump will remain operational, thus preventing plugging of the lines. If the compressor 
itself fails, the plant breathing air line from the site can be jumpered into the instrument air system to 

provide about 100 scfm at 50 psig for emergency use. 

6.4.5 Water S U D D I ~  

6.4.5.1 Process Water Supply 

An existing FEMP process water line (3-inch) is used to supply water to the cooling tower, recycle water 
tank, wastewater filters, scrubber, and flocculant make-up tank. Section 6 of the SSARR discusses the 
site's water supply. The process water supply system is shown on Drawing 94X-5900-N-00275 which 
is not part of this PSAR. 
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6.4.5.2 Potable Water Supply 

A new potable water line (4-inch) is used to supply water to sinks, and drinking fountains. 

6.4.6 Coolina Water Svstem 

The process cooling water systems consist of a cooling tower, heat exchanger, and cooling tower pump. 
The cooling water system is a closed loop. Cooling water passes through the recycle water heat 
exchanger and is capable of passing through the furnace and water jacket product-forming machine 
cooling water jackets if needed. Heated cooling water is then cooled in the cooling tower. 

6.4.7 Buildina Sumps 

The building sump system consists of two building sump pumps and associated controls and a building 
sump tank and spill containment. The building sump receives flow from the wastewater filters, cooling 
tower blowdown, spare storage tank containment sump, and desiccant condensate pump. The building 
sump discharges to the High Nitrate Tank. The building sump discharge line includes sample connections 
discussed in Subsection 6.4.8. Prior to discharge to the Great Miami River, the contents of the High 
Nitrate Tank are treated by the Biodenitrification Towers, the Biodenitrification Effluent Treatment 
System, and the Interim Advanced Wastewater Treatment (IAWWT) System. 

6.4.8 SamDlina and Analvsis 

Analytical sampling for radiological and hazardous constituents of unconditioned. conditioned. vitrified 
feed materials, and process wastewater will be completed routinely. Sample points are established at the 
locations listed in Table 6-6. 
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Subsystem 

Silo 1 and 2 Feed Material 
~ 

Thickener Overflow 

Dewatered Feed 

11 Conditioned Feed 

Off-gas Condensate 

Quench Tower Recycle Water Supply 

~ ~ ~ _ _  ~ _ _ _  ___ 

Wastewater Discharge to High Nitrate Tank 

High Nitrate Tank to General Sump 

====I Upstream of Thickener 
~~ ~ 

Thickener/Recycle Water Tank Line 

Downstream of Thickener 

II Downstream of Slurry Tank 

Downstream of Desiccant Condensate Pump 

Upstream and Downstream of Quench 
Tower 

~~ ~~ - ~ _ _ _  

Downstream of Wastewater Transfer Pump 

Downstream of High Nitrate Tank 

6.4.9 Monitoring 

Section 6 of the SSARR discusses the site effluent monitoring system. Radiation monitoring, alarm, and 
warning systems that are required during a loss of normal power are provided with an uninterruptible 
power supply, unless they can: 1) tolerate a temporary loss of function without losing needed data and 
2) are connected to standby or emergency power. 

The estimated 1992 radon concentration at the site boundary has been reduced by about 30 percent to 
0.57k0.29 pCi/t (Ref. 6.19) as a result of the Bentonite cap. This is now approximately 20 percent of 
the DOE guideline. 

6.4.9.1 Existing Monitors 

Radon is the primary radionuclide expected to be released from the silos. To determine radon 
concentrations, the FEMP monitors for radon at 21 locations along the site boundary. In addition, there 
are 16 monitoring stations on the K-65 Silos Area perimeter, eight monitoring stations located adjacent 
to the K-65 Silos, six monitoring locations on site at various distances from the silos, and seven off-site 
locations. These monitors are alpha tracketch monitors. 

The seven off-site locations are: two at off-site air monitoring stations, three at nearby residences, and 
two control locations located more than 20 km from the FEMP in the two least prevailing wind 
directions. These last two locations are monitored to determine the background concentration of radon 
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in air. The program also includes four continuous radon monitors located at the K-65 exclusion fence. 
These monitors can be used for estimating doses to workers in the area outside of the K-65 Silos fence 
boundary. 

6.4.9.2 Airborne Effluent 

The vitrification furnace and ventilation system share a common exhaust stack with a radon monitor and 
isokinetic probe for particulates @rawing 94X-5900-N-003 15). The effluent monitors are designed in 
accordance with the criteria established in Subsection 3.7 of this PSAR. Section 9 "Analysis of Normal 
and Abnormal Operations and Accidents," of this report documents the magnitude of (1) the design basis 
effluent source term that could be potentially released during normal and postulated accident conditions, 
and (2) the associated impact to the workers and the public. 

6.4.9.3 Liquid Effluent 

The process wastewater generated during facility operations is monitored prior to and/or during transfers, 
as required, from the pilot plant to the high nitrate tank. The site liquid effluent system is adequate for 
the vitrification wastewater effluent composition (e.g., total solids, specific activity, etc.). 

6.4.9.4 Area Radiation 

Portable radon monitors are placed near the furnace and the RTS carbon filters. A remote reading 
radiation monitor is located near the carbon filters. In accordance with standard radiation practice. 
dosimetry badges are mounted throughout the process area. 

6.4.10 Fire Protection 

Section 6 of the SSARR discusses the site's fire protection system. The fire protection system within the 
vitrification process building will consist of a wet pipe sprinkler system which will supply sprinkler heads 
within the process area, electrical equipment room, control room, and battery room. The system and 
components will have fail-safe features and audible and visual alarms for operability and trouble 
indication which are monitored by the site alarm service. 

Fire water supply of the system is provided through connections to the existing underground 12-inch fire 
water header. No new fire water booster pumps will be installed as the pressure in the supply header 
is adequate. 
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The hydrants will assist fire protection. Fire extinguishers are provided in the building and on all mobile 
heavy equipment for suppression of classes B, C, and equipment fires in compliance with NFPA 1 1. 1 1A, 
12, 15, 16, and 16A. 

A fire hazards analysis of the Pilot Plant Program will be completed prior to operation. 

6.5 Safety-Significant Structures, Systems, and Components 

Safety-Significant SSC are designed to keep radiological dose ot  toxicological dosage from exceeding on 
site within the limitation of Emergency Guidelines for an accident, or if necessary to reduce the 
consequence of a high risk accident. Safety-Significant SSC, unlike the more demanding requirements 
of Safety SSC, do not ordinarily require TSRs. Special design, procurement, installation, and operational 
controls are applied in a manner commensurate with their importance. Unless noted otherwise, no special 
design, preoperational, or operational inspections or tests are required. 

6.5.1 Shieldinq 

The shielding design criteria are addressed in Section 3.0. The results of this analysis, shielding 
material, location, and thickness, are discussed in Section 11  .O. The adequacy of shielding is verified 
as part of the normal routine radiological surveys. 

6.5.2 Fire Protection 

The Vitrification Pilot Plant is protected by the Fire Protection System. Design features and the 
associated criteria are addressed in Sections 6.0 and 3.0 respectively. Section 6.0 of the SSARR 
discusses the special measures taken to ensure that this Safety Significant System is able to perform its 
required function when called upon to do so. 

6.5.3 Effluent Monitorinq 

The Effluent Monitoring System ensures that the process systems are properly operating, and that dose 
to the on-site worker and the general public are acceptable and within specified limits. These Systems 
are discussed in section 6.4. The special requirements for the operation of these systems, i.e. calibration 
and maintenance, are addressed in Section 11.0 Radiation Protection, and Section 12.0 Hazardous 
Material Protection, of this PSAR and in the SSARR. 
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6.5.4 Buildina Ventilation 

The flow of air from areas of less contamination to areas of more contamination is necessary to minimize 
the possibility of hazardous material inhalation or ingestion and is therefore considered a Safety 
Significant function. This part of the ventilation system consists of the furnace area supply fan, exhaust 
fan, and associated ductwork, instrumentation, filters, and stack. The operating procedure for the 
ventilation system shall ensure that this portion of the ventilation system is operable prior to beginning 
the process, and that the system should remain in operation so long as the furnace is operating. The 
capability of the heating air conditioning and ventilation system to maintain the temperature within 
optimal levels for man and equipment is not considered a Safety Significant function and is therefore not 
considered in this subsection. 

6.5.5 Emeraencv Messaae Svstem (EMS) 

The Vitrification Pilot Plant contains an EMS speaker. Section 6.0 of the SSARR contains a description 
of this system and its criteria. 

6.5.6 Buildina Evacuation Svstem 

The Vitrification Pilot Plant contains a Building Evacuation System speaker. 
contains a description of this system and its criteria. 

Section 6.0 of the SSARR 

6.6 

6.1) 

6.2) 

6.3) 

6.4) 

6.5) 
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SECTION 7 

CODES AND STANDARDS 

Each of the following subsections summarizes the information for the OU-4 Pilot Plant Program that 
is required by Section 8.b.(u) of DOE Order 5480.23. 

7.1 Existing Facilities 

The following codes and standards were originally specified by Catalytic Construction Company for 
the design and construction of Silos 1 through 4: 

1) 
2) 
3) 

Uniform Building Code (Ref. 7.1) 
American Institute of Steel Construction Handbook (Ref. 7.2) 
Building Code Requirements for Reinforced Concrete (ACI 318-51) (Ref. 7.3) 

7.2 New Facilities 

The Design Criteria Document (Reference 7.4) specifies the codes and standards of the new facilities. 
The following list summarizes the current major codes and standards: 

American Concrete Institute (ACI) 3 18, Building Code Requirements for Reinforced Concrete 

American Conference of Governmental Industrial Hygienists (ACGIH) Industrial Ventilation 

American Institute of Steel Construction 9th Edition 

American National Standards Institute (ANSI) C2, National Electrical Safety Code 

ANSI C84.1, Electrical Power Systems and Equipment - Voltage Ratings (60 Hz) 

ANSI N13.1, Guide to Sampling Airborne Radioactive Materials in Nuclear Facilities 

American Nuclear Society (ANS) 6.4, Guidelines on the Nuclear Analysis and Design of 
Concrete Radiation Shielding for Nuclear Power Plants 

ANS 6.4.2, Specifications for Radiation Shielding Material . 
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American Society of Chemical Engineers (ASCE) 7-88, Minimum Design Loads for Buildings 
and Other Structures 

American Society of Heating, Refrigeration, and Air-conditioning Engineers (ASHRAE)- 
1989, Handbook of Fundamentals 

American Society of Mechanical Engineers (ASME) - Boiler and Pressure Vessel Code 

ASME B73.1 M-91, Specification for Horizontal End Suction Centrifugal Pumps 

ASME N5 10-89, Testing of Nuclear Air-Cleaning Systems 

American Water Works Association D100-84, Welded Steel Tanks for Water Storage 

American Welding Society (AWS) D. 1 . 1 ,  Structural Welding Code - Steel 

AWS D1.2-92, Structural Welding Code Steel 

ERDA 76-21, Nuclear Air Cleaning Handbook 

Instrument Society of America 

Manufacturers Standardization Society (MSS) SP-58, Pipe Hangers and Supports - Material, 
Design, and Manufacture 

MSS SP-69, Pipe Hangers and Supports Selection and Application 

MSS SP-89, Pipe Hangers and Supports Fabrication and Installation Practices 

National Electrical Manufacturer's Association 250-9 1 Enclosures for Industrial Equipment 

National Fire Protection Association (NFPA) 70, National Electrical Code 

NFPA 91, Installation of Exhaust Systems for Air Conveying Material 

NFPA 101 

Ohio Basic Building Code 
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Sheet Metal and Air Conditioning Contractors’ National Association 75, Accepted Industrial 
Practice for Industrial Ducts 

Tubular Exchanger Manufacturer’s Association 

Uniform Building Code 

University of California Research Laboratory (UCRL)- 159 10, Design and Evaluation 
Guidelines for Department of Energy Facilities Subjected to Natural Phenomena Hazards 

UCRL-53526, Rev. 1, Natural Phenomena Hazards Modeling Project: Extreme 
Windflornado Hazard Models for Department of Energy Sites 

UCRL 53852, Rev. 1, Natural Phenomena Hazards Modeling Project: Seismic Hazard 
Models for Department of Energy Sites 

It is the function of the Design Criteria Document, not the PSAR, to detail the applicable codes and 
standards. 

7.3 References 

7.1) Uniform Building Code, 1949. 

7.2) 

7.3) 

American Institute of Steel Construction Handbook, 1946. 

Building Code Requirements for Reinforced Concrete (ACI 3 18-5 1). 

ERAFS l\VOLl :RS AF’PSWDATA\ 
OU-4\PO-85\PSARO\CODES.S7 7-3 I I 1U 1995 

000102 



m 8 9  
FEM P-2337 

PSAR, Rev. 0 

SECTION 8 

HAZARD ANALYSIS 

This section describes the hazard analyses for Silos 1, 2, 3, and the Vitrification Pilot Plant in accordance 
with DOE Order 5480.23 and DOE-STD-1027-92 (Ref. 8.1). Hazard analysis is the initial step in 
the process of identifying and evaluating potential accidents. It is used to identify inventories and 
locations of hazardous chemical and radioactive materials in a facility, initiating events for potential 
release of these materials, energy sources involved, and the potential consequences. The primary purpose 
of hazard analysis is to focus the assessment effort on those hazards which have the potential to present 
significant, non-routine concern to the worker, the co-worker, the public, and the environment. The 
objectives of a hazard analysis are to: 

1) Identify the hazards contained in a facility 

2) Perform hazard categorization, based on hazardous material quantity, energy sources, and 
initiating events (preventive and mitigative features are not to be considered in Hazard 
Citegor ization) 

3) Characterize and analyze the remaining non-routine hazards that are unique and representative 
hazards to be analyzed in the SAR. 

To accomplish these objectives, each facility, project, and activity must have a Hazard Analysis 
performed as a means of fulfilling the requirement of DOE Order 5480.23, Section 8.c. The end result 
of the Hazard Analysis is a final Hazard Categorization based on the consequences of potential 
accidents/events associated with the facility, prcject, or activity. DOE Order 5480.23 states that hazards 
may be separated into 3 categories: 

Category 1: 

Category 2: 
Category 3: 

The hazard analysis shows the potential for significant off-site consequences, @er DOE- 
STD-1027-92 this category does not apply to the FEMP). 
The hazard analysis shows the potential for significant on-site consequences. 
The hazard analysis shows the potential for only significant localized consequences. 

Because DOE Order 5480.23 does not define what is meant by “significant” consequences, additional 
guidance.was developed in DOE-STD-1027-92. In this standard, a two step hazard categorization process 
is recommended. The first step is a preliminary hazard categorization in which the inventory of material 
at risk is compared to tables provided in the standard. This is to be used only for planning purposes. 
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The second step is the final hazard categorization in which consequences from the various accident 
scenarios are determined and compared to site-specific definitions. 

The FEMP site has been divided into segments for safety analysis purposes. Table 8-1 shows the 
guidelines used to accomplish this. Table 8-2 identifies the site segments. 

Table 8-1 - Segmentation Guidelines 

1) Fire 

(1) Fire lanes between buildings containing combustible materials must 
be at least 50 feet wide. 

(2) Buildings containing non-combustible, nonexplosive materials are 
ignored for fire segmentation. 

lane used to segment between buildings. The control requires: 

a) 

b) 

(3) An administrative control is automatically generated by each fire 

The fire lane be marked 

That no combustible or explosive material be stored in the 
lane 

That the lane be checked for compliance c) 
(4) A fire conduit, such as a connecting combustible or explosive Out 

Side Over Head (OSOH) line, prevents segmentation of the 
buildings. 

2) Explosion 

(1) Segmentation is based on the ability of a building adjacent to a 
building containing explosive materials to withstand the explosion 
pressure wave. 

(2) The peak pressure wave is used to determine the ability to 
withstand the explosion. 

(3) The peak pressure wave is converted into an equivalent wind speed. 

(4) The wind speed is compared to the adjacent building’s wind speed 
design criteria. 

(5) If the design criteria exceeds the resultant wind speed assigned for 
the explosion, then a segment may be formed. 

(6) An explosion conduit, such as a connecting flammable or explosive 
OSOH line, prevents segmentation of the buildings. 
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Table 8-2 - FEMP Segments 

B 

C 

D 

8 9  

Plant 2/3) 2A, 2B, 2C, 2D, 2F, 2G, 3A, 3C, 3D, 3E, 3F, 3G, 3H, 3J, 3L, 
18B, 18D, 39A, 39B, 39C 

Plant 4) 4A, 48, 4C, 7A 

Plant 5) 5A, 5B, 5C, 5D, 5E, 5G, 55A, 55B 
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E 

F 

11 Segment I Building Numbers 

Plant 6).6A, 6B, 6C, 6D, 6E, 6G 

Plant 8) 8A, 8B, 8C, 8E, 8F 

~~ ~~ 

A 1 Plant 1) IA, IB, lC, 2E, 30B, 66, 67, 71, 72, 

G 

H 

Plant 9) 9A, 9B, 9C, 9D, 9E, 9F 

Pilot Plant) 13A, 13B, 13C, 13D, 20G, 37, 54A, 54B, 54C 

I 

M 

N 

~ 

64, 65, 81 

Silos 1 and 2 (K-65 Silos) and the Radon Treatment System (RTS) 

Silo 3 

II o I Vitrification Pilot Plant 
~ ~~~~ ~ ~~ ~~ 

IbNote-Segments J, K, and L were consolidated into other segments 
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Silos 1 and 2 (also known as the K-65 Silos) and the existing Radon Treatment System (RTS) are 
considered to be treated together as labeled segment "M" of the FEMP site. Silo 3 is treated as an 
additional segment which is referred to as segment "N." The Vitrification Pilot Plant facility is treated 
as a third segment identified as segment "0." Segments "A" through "I" are the subjects of other safety 
analyses and are not discussed in this PSAR. 

Silos 1 and 2 are one segment, "M," based on the similar function of the silos, similar hazards and 
material content, proximity, and the earthen berm which surrounds both silos. An internal event is one 
that is caused by something in the facility whereas an external event is the result of a natural phenomena 
event or an accident that is initiated by an activity or in another facility. There are no identified internal 
events from other segments which could affect Silos 1 and 2 nor could any internal event associated with 
Silos 1 and 2 impact another segment. 

Silo 3 is considered one segment, "N," based on its material content and potential hazards being different 
from Silos 1 and 2. In addition, Silo 3 is not surrounded by the earthen berm which surrounds Silos 1 
and 2. There are no internal events identified for Silo 3 which could cause a release of confined material 
in other segments nor are there any internal events originated in other segments which could cause a 
release of material from Silo 3. 

Silo 4 is empty and was never used, and is therefore excluded from the hazard analysis: 

The Vitrification Pilot Plant is considered another segment, "0," for hazard classification purposes. This 
is based on the facilities' structural independence, different functional purpose from the surrounding 
facilities, and the fact that no internal events could impact nearby facilities nor could internal events from 
nearby facilities impact the Vitrification Pilot Plant. The contents of the major pilot plant components are 
shown in Table 8-3. 

The inventory of dispersible radioactive, organic, and inorganic material in each segment is shown in 
Tables 8-4, 8-5, 8-6, and 8-7. The inventory of Segment "0" is based on the worst case inventory of 
10 tons of Silo 3 material stored in a bin near the Vitrification Pilot Plant process building and the 
thickener being full of K-65 residues at 50 percent residues and 50 percent water composition. The 
thickener being 100 percent full is not a normal occurrence and would represent an abnormal event for 
the Pilot Plant operations. This results in approximately 50 tons of K-65 residues being used as the basis. 
for the hazard analysis (the current project is expected to process 20 tons of K-65 material). This is 
considered to be the bounding credible source term for the Pilot Plant. The volumeand content of the 
major components of the Vitrification Pilot Plant are shown in Table 8-3. Drawings 94X-5900-F-00278, 
Sheet F002; 94X-5900-F-00279, Sheet F003; and the Design Criteria for the CRU-4 Pilot Plant Program, 
Rev. 1 identify the basis for these numbers. Material which has been vitrified or is in the furnace is 
considered non-respirable due to the properties of the material matrix. 
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Volume 

Operating Mass of 
Residue (Maximum) 

% Solids (w) 

FEMP-2337 
PSAR. Rev. 0 

Slurry Tanks Thickener Me1 ter Surge Bin 

NIA 19,700 gallons 27 ft' 127 ft' 
10 Tons 5.6E+7 g 1.3E+6 g 6. lE+6 g 

100 50 80 80 

The source term data for the material is based on results of the Remedial Investigation Repon (Draft) 
(Ref. 8.2). The upper 95th percent confidence interval (UCL) on the mean is used as the contaminant 
concentration to ensure that subsequent risk assessment results are conservative. As indicated in the RI 
Report, the samples were taken from several manways for Silos 1 and 2 and from the center manway for 
Silo 3. The sample bores were taken from the top to near the bottom in each silo. 

8.1 Hazard Analysis for Segment "M" (K-65 Silos) 

8.1.1 Source Term Identification 

Tables 8-4, 8-5, and 8-6 identify maximum credible radioactive, organic, and inorganic material inventory 
lists in the K-65 Silos. 

8.1.2 Preliminarv Hazard Cateqorization 

Based on a comparison of the dispersible inventory of material in the K-65 Silos to threshold limits based 
on DOE-STD-1027-92, the preliminary hazard categorization is Hazard Category 2 (Moderate). This 
categorization is based on both dispersible and nondispersible material within the K-65 Silos. However, 
in the baseline facility SAR for OU-4 (Ref. 8.3), these silos were previously determined to be Hazard 
Category 3 (Low). This was based on the modeled consequences of a hazard analysis which was 
performed prior to the placement of bentonite over the residues. The Final Hazard Categorization is 
presented in Subsection 8.4 and confirms this categorization. 

8.1.3 Hazard Analvsis 

Table 8-8 presents the results of the hazard analysis on the worksheet. The worksheet identifies the 
location of the hazards, hazard type, initiating events, energy sources, and consequences and was 
developed using the Risk Assessment Report for the OU-4 Pilot Plant Program (see Appendix C). 
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Table 8 4  - Inventory of Radionuclides for Segments M, N, and 0 (Curies) 

FEMP-2337 
PSAR. Rev. 0 

Nuciida Semcnt'M Semcnt N Surec Bin Thickener 
Ac-227 S.47Ei-U I 2.7SE+00 -7.20E43 3.7JE-01 
Pa-23 1 
Pb-210 
Po-2 10 
Ra-224 
h - 2 2 6  
Ra-12s 
n - 2 2 3  
Th-230 
Th-231 
6-134 

U-23516 

5.07EM 1 
2.1SEi03 
1.96EM3 
0.00E-00 
5.9SE-03 
O.OOE-OO 
S.04E-00 
S.OOE-02 
6.2OE-00 
l . I lE-0I  
S.71E-01 

3.27E+OO 
1.66Ec0 I 
0.00E+00 
1.19E+00 
I .36E+0 I 
l.43E-40 
j.O7E+00 
2.1 IEM2 
j.06Et00 
6.S IENO 
4. ISE-0 I 

8.JSE43 
-4.29E42 
0.00Ec00 
3.33E-03 
3.51E-02 
j.69E-03 ' 

7.95EU3 
5.47E-01 
7.91E-03 
1.76E-02 
1.08E-03 ' 

224E-0 I 
I.OIE4)l 
I.;lE+OI 
0.OUEioo 
2.65E-U I 
0.OUE-W 
3.55E42 
3 SJE-00 
2.7SE4t 
S . j J E 4 Z  
j.Y5E43 

U-23 8 1 .??,E4 I 6 . 2 5 E m  1.62E41 S . j3€4)?  

Inventories in Curies calculated from silo concentrations identified from boring samples presented in the 
Remedial Investigation Report for Operable Unit 4 (Ref. 8.2) (Tables 4-2, 4-23,4-19, D.2-3, and D.2-4). . . - 
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2-Hexanone 
2 -Nitrophenol 
4.4-DDE 
4,J-DDT 
4-Methyl-2-pentanone 
4-Niuophenol 
Acetone 
iUdnn 
Aroclor-1218 

Aroclor- 1260 
Benzoic a a d  
bis (2-Ethylhe.xyl) phthalate 
Carbon Tctrachlonde 
Chloroform 
Chloromethane 
Di-n-butylphthalate 
D 1-n-oq Ip h thala t: 
Dicldnn 
Diethyl phthalate 
Dimethyl phthaiate 
Endosulfan-I 
Endosulfan41 
Endnn 
Flouranrhene 
Hqtaclor epoxlae 
Methylene chiondc 
N-niuoso-di-n-prooylamlne 
Phenol 
Pyrene 
TcmcUoroethenc 
Total .ylenes 
Toluene 

koclof-1154 

FEMP-2337 
W A R .  Rev. 0 

Table 8-5 - Inventory of Organic Material for Segments M, N,  and 0 

Segment M Segment N Segment 0 
Thickcncr Organics Surge Bin 

2-Buranone 1.18EM5 5.48E47 1.42EM5 5.22EM2 
me me me me 

1.73EH5 
0.00E+00 
1.5 1EM6 
S.53EQ5 
3 . 7 6 E W  
0.00EMO 
9.26E105 
7.03 EQ5 
1.99E-07 
1.13EtOS 
3 27E-07 
4 89E-06 
1.2OE-07 
7.92E-04 
0.00Et00 
0.00E100 
7.15E-05 
3.53E-06 
I .  17E-06 
3.61E-06 
2.0 1 E-06 
1.15E-06 
3 26E-06 
1.1tE-06 
8.03E-05 
1.11E-06 
3 46E-05 
3 26E-06 
j.51E-06 
5 9 0 E 4 5  
7 70E-04 
j.76E-04 
1.74Et05 

0.00E+00 
1.83EM5 
0.00EMO 
0 . 0 0 E W  
0.00E+00 
1.58Et05 
2.9JEM7 
0.00EMO 
0.00E+Xl 
0.00Et00 
0.00E+00 
0 0 0 E W  
1.4OEM5 
0.00Et00 
2.74E+06 
4.91EM5 
0.00EQ0 
0.00E-00 
O . O O E i 0 0  
O.OOEi00 
0.00Ec00 
O.OOEc00 
0.00E-00 
0.00Ec00 
0.00E40 
0.00E-00 
8 2 1 E-06 
0 00E-00 
0 OOE-00 
0 OOE-00 
0.00Ec00 
0.00EQO 
2.27EM7 

0.00E+00 
J.72Et02 
0 . 0 0 E a  
0 W E 4 0  
0 0 0 E W  
4 09E-02 
7 62EQ4 
0 00EQO 
0 00E-00 
0 00E-00 
0 00E-00 
0 00E-00 
5.63EQ2 
0 00E-00 
7 10E-03 
1.27E-0j 
0 00E-00 
0 00E-00 
0 00E-00 
0 00E-00 
0 00E-00 
0 00E-00 
0 00E-00 
0 00E-00 
0 00E-00 
0 00E-00 
2.13E-OJ 
0 OOE-OO 
0 OOE-00 
0 00E-00 
0 OOE-00 
0 OOEcOO 
5.S6E-04 

Triburvl onosunare 9.16Et08 0 . 0 0 E M  0.00E400 

Inventories in milligrams calculated from silo concentrations identified from boring samples presented 
in the Remedial Investigation Report for Operable Unit 4 (Ref. 8.2) (Tables 4-2, D.2-3, and D.2-4). . .. 
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Table 8-6 - Inventory of Inorganics for Segments M, N, and 0 

Segment M Scgmcnt N I ScgmcnrO 
Inorganics Filter Rcc:ivcr Thickcncr 
i me me me mg 
irUuminum 1.68Et 10 6.77E- IO 1.7SE-08 7.4jE-07 

3.8 1EM8 1.93Ec07 4.99Ec04 1.69Er06 
S.JZEM9 1.11E+10 2.SSEc07 3.72EM7 
l.J6E+L 1 9.06EcO8 2 . 3  €46 6.43E-tc)B 'BariUm 

IBcryIlium l . l S E c 0 7  . l.OZEtO8 2.64 E M 5  9 43E+OJ 
:Boron 6.65EMS 0.OOEtoo O.OOEr)O 2.94 E+ )b 
!C3drmq 1.02EM8 3.30E-08 9.54E-05 4.jlE+05 
Calcium j 26E' 1 1 l.l7E+11 3.03E-08 I .UE;C)Y 
'chromium I. 11E-09 1 . 3 9 E 4 9  3.29E-06 4 Y2E-06 
Cobalt 2.XE-10. 1.0 lE+lO 2.0  1 E117 1.O3E-M 
C O P F  5 . 7 S E 4 9  i.17E- 10 3.05E-07 2.j6E-U7 
Cyanide 4.75EM7 0.00Ec00 . 0.00E-00 1.3YE-05 
Iron 2.57-E- 1 1 1.93E-1 I 4.7tE-0S L. t LE-W 

IKZY 

L a d  2.45E- 12 9.jSEc09 2.16E-07 l.U8E- IO 

1. S2EM9 1.S lE*lO 4 69E-07 3.04 E 4 6  
Me- 1 .3 3 E 4 7  2.42Ec06 6.27E-03 5 .  SSE4U 
Molybdenum - i.OSE+ll O . O O E ' 0 0  O.OOE-00 4 TiE-oX 
Nickel 2.2 2 E t  10 1.51E-IO j.9OE-07 I .OjE+)Y 
Potassium 4.94EM9 4.91E-10 L.27E-05 1. ISE-17 
Selenium 2.72EM9 8 .04 E 4 8  2.OSE-06 I. 2oE-c) T 
Silicon 1. l4E- 10 O . O O E 4 0  . 0.00E-00 . j.OlE+)7 
Silver 1.94EM8 6.47E-07 1.67E-05 Y .  j9E-05 
Sodium L.jBE* 1 1 1.47Eil I j . 3  IE-03 6 SSE-(JY 
Thallium 1.09EM7 1.97E-08 5.09E-05 4 9 3 E - c ) ~  
Vanadium 2 . S 6 E 4 9  l.'IE*lO 5.17E-07 I.IGE-07 
Zinc 6.56E-O.s 1 .S3E-09 1 35E-(16 1.30E-00 

Magnnesium 4.9TE-10 LAZE+ 1 I 6.16E-08 '.20E+JY 

Inventories in milligrams calculated from silo concentrations identified from boring samples presented 
in the Remedial Investigation Report for Operable Unit 4 (Ref. 8.2) (Tables 4-2, D.2-3, and D.2-4). 
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' 

m 

Additive of Feed 

Additive of Feed 

Caustic (scrubber) 

FEMP-2337 
PSAR, Rev. 0 

Table 8-7 - Additive Process Chemicals for Pilot Plant (Segment 0) 

Chemical Amount Function 

Flocculant Polymer (type to be determined) 0.2 Ib/ton of material 
450 Ib in drum 

Additive of feed I/ 
~ ~~ 

200 Ib/day 
1.000 Ib stored and available 

Additive of Feed ll PbO 200 Ib/day 
1,000 Ib stored and available 

CaCO, 330 Ib/day 
1,000 Ib stored and available 

Minor additives 
< 100 Ib each stored and 
available 

NaOH (liquid) One 55-gallon drum, minimal 
makeup (intermittent use) 

Off-gas desiccant I/ CaCI, 5 gpm intermittent 
60 V (full volume of tank) 
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8.1.4 Scenario DeveloDment 

The bounding consequences for each non-standard hazard type with a credible initiating event is the Loss 
of Silo Containment. The loss of silo containment under stable atmospheric conditions could occur due 
to an earthquake, silo dome collapse due to degradation of concrete, or overloading the weight limit on 
the dome. The silo dome collapse under the tornadichigh wind conditions is not the worst case scenario 
because the bentonite layer is expected to be reduced in effectiveness for the mitigation of radon release 
but will maintain the residues in place following a tornado. Thus, all scenarios of a silo dome collapse 
result solely in a release of radon from the silo dome headspace. 

The consequences of this silo collapse are equal to the consequences of a failure associated with the RTS 
while it is fully loaded with radon from the headspace of the silos. Thus this scenario bounds all accident 
scenarios associated with the RTS. 

8.1.5 Conseauence Determination 

The consequences of the postulated credible scenarios are estimated through the following means: 

1) Identification of Exposed Individuals 

2) 
3) Calculation of Impacts 

Fate and Transport of Released Materials 

At distances far from the release (greater than about 100 meters), transport and dispersion are controlled 
primarily by the wind and the atmospheric stability. At these distances, the concentrations and 
concentration-time integrals are estimated with dispersion models based on expressions given in United 
States Nuclear Regulatory Commission Regulatory Guide 1.145 (Ref 8.4). 

For radionuclides released to the air, inhalation is the principal pathway for entering the body. An 
expression for calculating the internal radiation dose due to inhalation is: 

Where 
D =. the 50-year committed effective dose equivalent (CEDE), mrem 
B = inhalation rate, m3/s 
D, = radiation dose factor, mrem/pCi 
I = time integral of the air concentration, pCi sec/m3 . 

8-14 1/12/1995 
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The CEDE is a measure of the equivalent radiation dose to the whole body that is incurred over a 50-year 
period following inhalation of the radionuclide. The dose factors are tabulated in Limiting Values of 
Radionuclide Intakt? and Air Concentrm*on and Dose Conversion Factors for Inhalation, Submersion, and 
Ingestion (Ref. 8.5). Unless there is specific information to indige the solubility class of the 
radionuclide (Class D, W, or Y), the highest dose factor was used. In addition, the dose conversion 
factors used include short-lived decay products. The inhalation rate usually assumed is 1.2 m’/h 
(0.000333 m3/s) which may be typical for light activity. 

The consequence to the maximally exposed individual at the site boundary (330 meters) is based on the 
release of 3.2 Ci of Rn-222 from the K-65 Silos headspace (or RTS). 

8.1.5.1 Low-Energy Event 

The release conditions and meteorology are assumed to be as follows: 

1) 
2) Stability Class F 
3) 
4) 
5)  

Ground level point source release 

Windspeed of 2 meters per second 
Distance to off-site receptor is 330 meters, on-site is 100 meters 
Release duration 60 seconds - (arbitrary; the time integral of the air concentration would be 
the same if a larger duration was used, since the release rate is 3.2 Ci/duration) 

8.1.5.2 High-Energy Event (Tornado) 

The release conditions and meteorology are assumed to be as follows: 

1) 
2) Stability Class A 

3) 
4) 
5)  

Ground level point source release 

Windspeed of 31 meters per second 
Distance to the receptor is 330 meters off site and 100 meters on site 
Release duration is 60 seconds. 

Table 8-9 presents the results of the dispersion analysis and consequences. 
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1 

Variable 

Airborne Respirable Fraction (ARF) 

11 Release Rate @Ci/s) 

Table 8-9 - Dispersion Analysis and Consequences for Segment M 

Constants/Dose Calculated Values 

Low-Energy Event High-Energy Event 

l.OOE+OO 1.00E+00 

5.33E+ IO 5.33E+ IO 

Dilution factor (off-site 330 m) (s/m') 

Dilution factor (on-site 100 m) (s/m3) 

Concentration (off-site) @Ci/m3) 

Concentration (on-site) @Ci/m') 

Dose Conversion Factor (DCF) 
Inhalation Dose (mredpCi) 

Dose (off-site) - 330 meters (mrem) 

~ ~ ~ 

2.11E-03 3.76E-7 

I .75E-02 8.22E-6 

1.13E+08 2 .01E+4 

9.33E+08 4 .38E+5 

4.50E-05 4.50E-5 

1 .O 1 E +02 1.80E-2 
~~~~ ~~ ~ ~~ ~ 

Dose (on-site) - 100 meters (mrem) 8.4E+02 

8.2 

8.2.1 Source Term Identification 

Hazard Analysis for Segment "N" (Silo 3) 

~~~~~ ~ 

3.95E-1 

This section identifies the radioactive, organic, and inorganic material inventory that has been obtained 
from Silo 3, Segment "N" (see Tables 8-4, 8-5, and 8-6). 

8.2.2 Preliminarv Hazard Cateaorization 

Based on the inventory of material in Silo 3, the preliminary hazard category for Segment "N" is 
Category 2 per Categorization criteria based on DOE-STD-1027-92. The final hazard category is 
determined using a quantitative consequence determination of the bounding accidents postulated in the 
hazard analysis. The final hazard category is identified in Subsection 8.4. The final hazard category is 
determined by quantitatively considering only those chemicals which are present in equal to or greater 
than Category 3 quantities. Chemicals which are present, but are less than the Category 3 threshold, 
are screened from further analysis. This is valid since the consequences due to multiple chemicals are 

ERAFSI\VOLl :RSAPPSWDATA\ 
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considered to not be cumulative for final hazard categorization. All radionuclides are included in the 
analysis since the effects from radionuclides are cumulative. 

8.2.3 Hazard Analvsis 

Table 8-10 presents the results of the hazard analysis on the worksheet. The worksheet identifies the 
location of the hazards, hazard type, initiating events, and consequences and was developed using the 
Risk Assessment Report for the OU-4 Pilot Plant Program (see Appendix C). 

8.2.4 Scenario DeveloDment 

The only non-standard hazard with a credible initiating event is the Loss of Silo Containment. The loss 
of silo containment under stable atmospheric conditions due to an earthquake, silo dome collapse due to 
degradation of concrete, or overloading the weight limit on the dome is to be developed. This is a low- 
energy event. 

Consequences of a loss of silo containment due to tornado or high wind conditions are also quantified. 
This is a high-energy event. Due to the greater release but also greater dispersion under high wind 
conditions, the bounding scenario for loss of containment accident was not obvious. 

8.2.4.1 Low-Energy Event 

The airborne fraction for a simple powder spill of 0.001 per DOE-STD-1027 is used with a respirable 
fraction of 0.488 based on RI data (Ref. 8.1) and 137.8 tons (1.25E8 g) (one percent of the Silo contents) 
of the silo contents released. One percent of the Silo contents are assumed to be susceptible to the energy 
associated with the release of material. Upon loss of containment, some material will slide and fall while 
the bulk of the material will remain in a location beneath the outer surface of material and thus not 
susceptible to suspension in the air. 
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8.2.4.2 High-Energy Event 

Due to the high energy and greater potential for release, the airborne release fraction is assumed to be 
0.01 (DOE-STD-1027-92) of the entire Silo 3 contents and a respirable fraction of 0.488. This release 
fraction is applicable to a pressurized powder release which is not exactly applicable to the release from 
Silo 3 but should be bounding due to the energy imparted from the tornado adding sufficient energy to 
the Silo 3 powder. 

8.2.5 Conseauence Determination 

The consequence to the maximally exposed individual at the site boundary (330 meters) and on site 
(100 m) is determined by using the methodology of Subsection 8.1.5. Those chemicals present in 
quantities below the Category 3 threshold were screened from the consequence determination. 

The release conditions and meteorology for an earthquakehaturd degradation (low-energy event) 
are as follows: 

1)  
2) Stability Class F 
3) 
4) 
5 )  

Ground level point source release 

Windspeed 2 meters per second 
Distance to receptor is 330 meters off site and 100 meters on site 
Release duration occurs over a period of 2 hours 

Table 8-1 1 presents the results of the dispersion analysis and consequences for the loss of containment 
low-energy event. 

The release conditions and meteorology for a tornado (high-energy event) are as follows: 

1) 
2) Stability Class A 

3) 
4) 
5)  

Ground level point source release 

Windspeed of 31 meters per second 
Distance to receptor is 330 meters off site and 100 meters on site 
Release duration is 2 hours 

Table 8-12 presents the results of the dispersion analysis and consequences for the loss of containment 
(high-energy event). 
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8.3 Hazard Analysis for Segment "0" (Vitrification Pilot Plant) 

The radioactive, organic, and inorganic material inventory in the Vitrification Pilot Plant area is listed 
in Tables 8-4, 8-5, 86, and 8-7. 

8.3.1 Preliminarv Hazard Cateciorization 

Based on a comparison of the inventory of material in the Vitrification Pilot Plant to values based on 
DOE-STD-1027-92, the preliminary hazard category is Hazard Category 3. The final hazard category 
is determined by the results of the hazard analysis for the final hazard category. Chemicals which are 
present, but are less than the Category 3 threshold are screened from further analysis. This is valid since 
the consequences due to multiple chemicals are not cumulative for final hazard categorization. The Final 
Hazard Categorization is presented in Subsection 8.4 and confirms this preliminary categorization. 

8.3.2 Hazard Analvsis 

Table 8-13 presents the results of the hazard analysis worksheets. The worksheet identifies the hazard 
type, initiating events, energy sources, consequences, and locations of the hazards and was developed 
using the Risk Assessment Report for the OU-4 Pilot Plant Program (see Appendix C). 
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8.3.4 Scenario Develooment 

The bounding consequence for each non-standard hazard type with a credible initiating event is described 
in the following subsections. 

8i3.4.1 Loss of Process Containment (Earthquake) 

There are several potential accidents which involve the loss of containment. The bounding event would 
be the earthquake-induced failure of the Vitrification Pilot Plant process confinement and the loss of 
containment of the Silo 3 material. storage bin adjacent to the Vitrification Pilot Plant. This is bounding 
because it releases the most material of all lowenergy events under the same atmospheric conditions. 
The high-energy loss of containment has been shown to not be the bounding event due to the significant 
dispersion which would take place under the tornadolhigh wind conditions. 

The airborne release of solid powder from the Silo 3 material storage would be 0.001 for nonconsolidated 
powder (DOE-STD-1027-92) with a respirable fraction of 0.488. The airborne release of K-65 material 
from the thickener would be 4.0 x 106 at 100 percent respirable (Ref. 8.6). This is a reasonably 
conservative estimate for the free fall spill of a liquid with a density of greater than one (Ref. 8.6). 

In addition all of the radon in the off-gas system is released (4 Ci) based on pilot plant operation. 

8.3.4.2 Loss of Containment on Thickener (Material Defect, Weld Failure, etc.) 
Low-Energy Event 

This scenario involves the failure of the thickener for reasons other than natural phenomena under low- 
energy initiating conditions. The release of material from the thickener is the same as for the earthquake 
scenario 4 x 106 airborne respirable fraction (Ref. 8.6). 

8.3.4.3 Loss of Containment Silo 3 Material Storage Bin (Material Defect, Weld 
Failure, Traffic Accident, etc.) Low-Energy Event 

This scenario involves the failure of the Silo 3 material storage bin independent of other scenarios. The 
release fraction and respirable fraction are the same as the earthquake scenario (0.001 airborne fraction 
and 0.488 respirable fraction). 
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8.3.4.4 Loss of Containment on Off-gas 

This scenario involves the loss of containment on the off-gas carbon canisters (due to a variety of 
potential reasons) and releases 100 percent of the radon contained in the canisters. It is assumed that the 
canisters are fully loaded and all radon is released in a 2-hour period. 

8.3.5 Conseauence Determination 

The consequence to the maximally exposed individual at the site boundary, approximately 430 meters 
from the likely Vitrification Pilot Plant location, and the on-site individual (100 m) is determined for each 
accident scenario developed. The methodology of Subsection 8.1.5 is used. The Pilot Plant location is 
approximately 100 meters further from the fence line than the silos. The release conditions for all Low- 
energy events for the Vitrification Pilot Plant are: 

1) 
2) Stability Class F 
3) 
4) 

Ground level point source release 

Wind speed is 2 meters per second 
Release duration is 2 hours 

The consequences of chemicals present in less than Category 3 quantities are not included. 

Tables 8-14 through 8-17 present the consequences of the unmitigated accidents for each of the scenarios 
developed for the Vitrification Pilot Plant. 
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Variable 

Maximum carbon filter inventory (Ci) 

ARF‘ 

Release Rate (pCi/s) 

Dilution factor (off-site 430 m) (s/m3) 

FEMP-2337 

Rev. 0 

ConstanUDose Calculated Value 

4.1 

1 .o 

5.7E+08 

1.4E-03 

Table 8-17 - Segment “0” Consequences of Loss of Containment on RTS Canisters 
(Low-Energy Event) 

Dilution factor (on-site 100 m) (s/m’) 

Concentration (off-site) (pCi/m3) 

Concentration (off-site) (pCi/m3) 

1.8E-02 

. 7.5E+05 

1.OE+07 

DCF Inhalation Dose (mredpCi) 

Dose (off-site) (mrem) 

Dose (on-site) (mrem) 

4.5E-05 

81 

l . lE+03 

Note: Breathing Rate is 1.2 m3/hr and exposure duration is equal to release duration (2 hours) 11 

8.4 Final Hazard Categorization of Segments M, N, and 0 

The definition of the Category 3 threshold at the FEMP is designed to exclude those facilities which 
cannot have a significant radiological or chemical impact outside the facility. 

The estimated consequences for determining the hazard category of a facility, project, activity, or segment 
thereof should be determined based on the consequences of the worst case credible scenario developed 
as a part of the hazard analysis. Table 8-18 lists the criteria to determine the hazard category based on 
unmitigated accident consequences. 

The final hazard category is based on the accident scenario which results in the most conservative hazard 
classification, either chemical or radiological. If chemical-specific ERPG-3 values are not available, Table 
8-19 presents the hierarchy of alternative parameters which were used. 
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Hazard 
Category' 

The unmitigat-d consequen es of the bounding event for each segment are compared to the criteria for 
final hazard categorization. The bounding radiological consequences for each segment are summarized 
in Table 8-20. Based on the results, the final hazard categories for each segment are shown. 

Radiation Exposure Chemical Exposure' 

On-site (rem) Off-site (mrem) On-Site Off-Site 

Table 8-18 - FEMP Final Hazard Categorization 

2 

3 

> 2 5  > 500 2 ERPG-3 or 2 ERPG-2or 
0.02 times ICR 2 times ICR 

5 5 x 5 25 100 5 x 5 500 2 ERPG-2 or 2 ERPG-1 or 
0.02 times the ICR 2 x loJ times the 

ICR 

1 

2 

Category I does not apply to the FEMP, per DOE-STD-1027-92. 
From Table 1, Ref. 8.7, ERPG-Emergency Response Planning Guide, ICR- 
Incremental Cancer Risk 
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Silos 1 and 2 
Segment M 

Table 8- 19 - Recommended Hierarchy of Alternative Concentration-Limit Parameters 

Silo 3 Pilot Plant 
Segment N Segment 0 

Off-Site 
(mem) 

101 

Hierarchy of 
Alternative 
Guidelines 

On-Site OfF-Site On-Site Off-Site On-Site 
(rem) (mem) (rem) (mrem) (rem) 

0.84 324 2.68 142 1.84 

Source of 
Concentration 

Parameter 

3 

ERPG-3 

ERPG-2 

3 3 

1 

Loss of containment 
(lowenergy) 

EEGL (30 min) 
IDLH 

II Loss of containment 
(earthquake) (earth quake) 

Loss of containment 

AIHA 1991 
NAS 1985 
NIOSH 1990 

2 
EEGL (60 min) 
LOC 
PEL-C 
TLV-C 
TLV-TWA x 5 

AIHA 1991 
NAS 1985 
EPA 1987 
29 CFR 1910.1000 
ACGIH 1992 
ACGIH 1992 

ERPG- 1 

3 
PEL-STEL 29 CFR 1910.1000 
TLV-STEL ACGIH 1992 
TLV-TWA x 3 ACGIH 1992 

Table 8-20 - Summary of Bounding Radiological Consequences for Segments M, N, and 0 

Final Hazard 
Categorization 

Bounding 
Hazard 
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Hierarchy Group 
(Hazard Categoly) 

Table 8-19 - Recommended Hierarchy of Alternative Concentration-Limit Parameters 

~ 

Hierarchy of 
Alternative 
Guidelines 

Primary Guideline 
~ Source of 

Concentration 
Parameter 

AIHA 1991 , NAS 1985 
NIOSH 1990 

ERPG-3 

I 

Final Hazard 
Categorization 

Bounding 
Hazard 

1 

Silos 1 and 2 
Segment M 

Off-Site On-Site 
(mem) (rem) 

101 0.84 

3 

Loss of containment 
(low-energy) 

EEGL (30 min) 
IDLH 

ERPG-2 
EEGL (60 min) 
LOC 
PEL-C 
TLV-C 
TLV-WA x 5 

ERPG- 1 

3 
PEL-STEL 
TLV-STEL 
TLV-TWA x 3 

AIHA 1991 
NAS 1985 
EPA 1987 
29 CFR 1910.1000 
ACGIH 1992 
ACGIH 1992 

AIHA 
29 CFR 1910.1000 
ACGIH 1992 
ACCIH 1992 

Table 8-20 - Summary of Bounding Radiological Consequences for Segments M. N, and 0 

Silo 3 
Segment N 

Pilot Plant 
Segment 0 

324 2.68 142 I .a4 

3 3 

Loss of containnient 
(earthquake) . (earthquake) 

Loss of containment 

Ill2ll995 
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This section analyzes normal, abnormal, and accident conditions to assess the risk associated with 
activities which (1) construct the vitrification building, (2) transfer material from the silos to the melter, 
(3) operate the vitrification facility, and (4) provide for continued storage of material in Silos 1, 2, and 3. 

Risks due to accidents, abnormal, and normal operations have been assessed for on-site and off-site 
receptors. The analysis is presented in Subsections 9.4 through 9.6. The results of this analysis are 
presented in Subsection 9.7. This section fulfills the requirements in DOE Order 5480.23 Attachment 
1,  Item 11 .  This analysis will be updated during the preparation of the FSAR to focus more specifically 
on the accident sequences associated with the installed equipment and the operating procedures. 

9.1 Methodology 

The methodology subsection is organized to mirror the analysis itself. For example, accident scenario 
methodology is presented in Subsection 9.1.4, while the actual accident scenario analysis is presented in 
Subsection 9.4. 

9.1.1 Safetv Analvsis Process 

The methodology provided in this subsection describes the process used to perform the accident analysis 
and assess risk. In general, the planned duration of the vitrification pilot plant is less than 1 year; 
however, this analysis attempts to provide some operational flexibility by calculating all accident 
frequencies based on events/year as though the operation were continued for 50 weeks per year. The 
exception to this rule is the worker dose rates for direct radiation exposure. Subsection 9.6 describes this 
case. The safety analysis flow chart, Figure 9-1, presents the process for performing the analysis. 

Accidents and abnormal operations are evaluated in four steps: classification, scenario development, 
consequence determination, and frequency determination. 

9.1.2 Grading 

The graded approach provided in WHC-SP-0960, Revision 1, Table 4.10-1 has been used in this accident 
analysis (Ref 9.1). The grading is performed by evaluation of the hazard class, life cycle, complexity, 
and mission time. The final grade for each subtopic is determined by taking the highest numbered grade 
applicable in each row, and consequently the least rigorous requirement. _ -  
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Accfcent Analysts flowc2an 
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Figure 9-1 - Safety Analysis Flow Chart 
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9.1.3 Classification of Analvsis for Each Event 

The hazards for Silos 1, 2, 3, and the vitrification pilot plant activity were identified in Section 8, Hazard 
Analysis. The hazards are further classified in the accident analysis by identifying the type of analysis 
involved. To accomplish this, the Block Diagram of Pilot Plant Activities (see Figure 1-4) and the 
Process Flow Diagrams were used to identify each step in the vitrification process sequence. At each 
step, event scenarios were generated by selecting all possible energy sources and considering potential 
events. The events are classified as evaluation basis events, abnormal events, and normal operations, 
based on their energy and frequency of occurrence. 

9.1.4 Accident Scenario DeveloDment 

Events and sequences were systematically analyzed using the Block Diagram of Pilot Plant Activities. 
Sequences were developed by considering each possible energy source in combination with each 
hazardous material. Each combination represented a possible accident event. Accident events were 
eliminated from further consideration if the potential for a release was shown to be incredible based on 
the building configuration or characteristics of the operation under evaluation (e.g., the energy source 
is not located near the hazardous material or the operation itself is innocuous). For each credible event 
associated with the activity, the results. were used to define the accident scenario in terms of the initiating 
event and methods for accident prevention, detection, mitigation, and recovery. 

The consequences to the project worker are not explicitly calculated. The consequences for the receptor 
at 100 m adequately bound the project worker consequences. This is due to the conservative approach 
to calculating the dispersion of material from the point of release and the fact that the consequences at 
100 m are based on the worker spending 100 percent of the time in the plume for the duration of the 
accident. A project worker would be exposed to a high concentration of unconfined material for a short 
period of time but would quickly egress the accident area and not be exposed further. No credit is taken 
in any part of this analysis for the confinement systems to contain any airborne material. Project workers 
spend only a small fraction of their time in the vicinity of the pilot plant process components. 

Consequences for each scenario are quantified by performing the following steps 

1) Determine an Airborne Respirable Fraction (ARF) for the accident scenario under consideration. 
The ARF combines the expected amount of material likely to become airborne with the 
percentage of that material which is respirable. 
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2) The consequences are calculated for three receptor locations 
(1) The on-site individual at 100 meters from the source 
(2) The off-site individual at 330 meters or more from the silos and RTS 
(3) The off-site individual at 430 meters or more from the source in the vitrification facility 

The radiological dose consists of the 50-year Committed Effective Dose Equivalent (CEDE) from 
inhalation. The submersion dose from direct radiation of the dust cloud is not considered since 
it is expected to be much less than the CEDE. Only the respirable material is considered to 
contribute to the chemical uptake. 

A dispersion factor based on a wind speed of 2 m / s  and stability class F is used for accident 
receptors. The dispersion factor is calculated to maximize the dose to both receptor groups and 
is used to determine an airborne concentration of contaminants at the receptor location. This is 
the reason for the variation in distance to the receptor. The accident scenarios assume that the 
off-site receptor is exposed to the airborne release for the entire period. 

The activity inhaled by the receptor is based on the concentration of the contaminant in air, the 
respiration rate, and exposure duration. In cases where the material is released into a confined 
area (such as the sealed area of the vitrification pilot plant building) no credit is taken for the 
dilution and delay which would occur in the release of the material to the environment. 

3) The exposure of the receptor to the radioisotopes is converted to a radiological dose in rem using 
a Dose Conversion Factor (DCF) specific to the isotopes involved. The DCFs used in this 
analysis are based on Federal Guide No. 11 (Ref. 9.2) and A Manual for Implementing 
Residual Radioactive Material Guidelines (Ref. 9.3). 

4) Breathing rates for the receptors were based on DOE Orderr5400.5 and use 1.2 m3/hr (Ref. 
9.4). 

5 )  Exposure durations for on- and off-site personnel are for the duration of the release up to a 
maximum of 2 hours (per LA-10294 mef.9.51). 

The frequencies of events in this analysis involve simple structures and component failures. A single 
failure rate of the initiating event is estimated and assumed to then result in a release of material. No 
multiple failure accident scenarios are involved. 

The level of analysis required for all accident scenarios is consistent with the grading criteria of 

Subsection 9.2. Generally, unmitigated conservative assumptions in the accident consequence analysis . . -  
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are used and produce acceptable results based on qualitative estimations of failure frequencies and simple 
release/exposure models for consequence evaluation. 

9.1.5 Method of Accident Analvses for Severe Natural Phenomena 

Section 8 provides an analysis of the unmitigated consequences of severe natural phenomena. Since the 
hazard analysis is performed in a way that lends itself to an analysis of severe natural phenomena, their 
evaluation is repeated here. 

The probabilities associated with the failure of Silo 1, 2, or 3 are based on the data presented in the 
SSARR for exceedance probabilities for existing structures. The pilot plant exceedance probabilities for 
low hazard facilities are used per UCRL-15910. 

9.1.6 Methods to Analvze Normal ODerations 

Normal operations for this PSAR were evaluated based on the design criteria for the pilot plant 
vitrification facility. The actual performance of the system is not known at this stage due to the pilot 
stage of the vitrification process. Compliance with the requirements will be demonstrated through models 
as the design progresses. Compliance will be confirmed in the field through the existing environmental 
monitoring program and specific monitoring of effluent streams from the vitrification pilot plant. 

External exposure to project workers is based on calculated dose rates from shielding for activities 
associated with the vitrified material storage and transpon. 

9.1.7 Methods of Analvzina Risk 

Risk is the combination of two components in an accident analysis. The first component is the frequency 
of an event occurring expressed in events per year. The second component is the consequence of the 
event. This is expressed in SO-year lifetime CEDE (mrem) for radiological hazards and as mg or mg/m' 
of a substance inhaled for chemical hazards. In the analysis, both components are plotted on a risk 
acceptance curve to determine the acceptability of the risk. 

9.2 Grading 

The graded approach is illustrated in WHC-SP-0960, Revision 1 (Ref. 9. I), Table 4.10-1, which provides 
a graded approach for the 12 subtopics which relate to the accident analysis. In this analysis a new 
column, "Final Grade," has been added to the table. The final grade is determined by taking the largest 
number across a row and applying it as the final grade, thus the least conservative. This final grade is 

, 
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Description 

Silos 1 and 2 

Silo 3 

Pilot Plant 

used to determine the level of detail provided. When the description of a subtopic is required in the text, 
the level of detail is based on the results shown in Tables 9-1 through 9-4. Each level of detail, except 
accident analysis, is defined in Subsection 1.4, "Grading Factors" of this PSAR. The accident analysis 
level of detail is described in Section 9.2.2. 

Segment Hazard Complexity Life Cycle Mission 
ClaSS Time 

"M" 3 Simple Operation Long 

"N" 3 Simple Operation Long 

"0" 3 Simple Construction Short 

Table 9-1 - Results of the Grading Evaluation 

9.2.1 Gradina Factors 

The four grading factors, as specified in DOE Order 5480.23, Paragraph Sa, are evaluated below. These 
factors are the major headings in Tables 9-2 to 9-4. 

9.2.1.1 Grading Factor - Hazard Category 

As demonstrated in Section 8, Segments "M," "N," and "0" are Category 3, "low hazard" facilities. 

9 .2 .1 .2  Grading Factor - Complexity 

The complexity of Segment 0 is simple due to the lack of need for backup systems in the design. No 
complicated chemical reactions take place as part of the process, and safety systems and components are 
minimized due to the pilot stage of the facility. 

The complexity of'both Segments M and N is simple due to the lack of activities, lack of process 
operations, and their use as passive concrete storage facilities. 
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9.2.1.3 Grading Factor - Life Cycle of the Facility 

This analysis considers both the construction and operation life cycles of the various segments. Segments 
M and N are operational and undergoing remediation. Segment 0 is currently in the design phase and 
to be constructed. 

9.2.1.4 Grading Factor - Mission Time of the Facility 

The mission times of Segments M and N are not known. These segments are awaiting remediation per 
the Record of Decision under CERCLA for OU-4. The life expectancy is greater than 1 year and is 
therefore graded as "Long." Segment 0 is a short duration project expected to last less than I year and 
is therefore graded as "Short." 

9.2.2 Analvsis Grades for Accident Conditions 

The required level of analysis as determined from Tables 9-2 through 9-4, is described below, as 
extracted from WHC-SP-0960 (Ref. 9.1) 

Analysis Level 1: Well defined mitigating but conservative assumptions in the accident analysis result 
in acceptable consequences based on detailed probabilistic analysis demonstrating low failure frequencies 
for the accident control/mitigation features (e.g., probabilistic risk assessment using detailed 
release/exposure models for consequence evaluation or a detailed accident simulation model). 

Analysis Level 2: Well-defined mitigating but conservative assumptions in the accident Gonsequence ~ 

analysis produce acceptable results based on detailed quantitative analysis demonstrating low failure 
frequencies for the accident control/mitigation features (e.g., fault tree or event tree analysis for hazards 
evaluation, detailed release/exposure model for consequence evaluation). 

Analysis Level 3: Mitigating but conservative assumptions in the accident consequence analysis produce 
acceptable results based on qualitative estimations of low failure frequencies for the accident 
control/rnitigation features (e.g., barrier analysis, Failure Modes and Effects Analysis or hazardous , 

operation analysis for hazards evaluation, or simple release/exposure model for consequence evaluation). 

Analysis Level 4: Conservative unmitigated bounding assumptions in the accident consequence analysis 
produce acceptable results regardless of the accident frequency (e.g., materials ind energy 
inventory/checklist or preliminary hazards analysis evaluation, simple release/exposure model for 
consequence evaluation). 
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Most of the analyses require a Level 3 or Level 4 detail. Level 3 detail is used extensively in piace of 
Level 4 detail to determine the acceptability of risks on the risk acceptance curve. A conservative 
estimate of all consequences are made and an associated probability is estimated for comparison to the 
Evaluation Guidelines from DOE-STD-3005-YR (Ref. 9.6). 

9.3 Classification of Analysis for Each Event 

The hazards and initiating events were identified in Section 8. Table 9-5 presents the analysis 
classification for the events. Events that occur with a frequency greater than 0.1 are classified as "normal 
operations (N)." Events that can interrupt or aggravate the operation are classified as "abnormal 
operations (A)." Events that are a result of natural phenomena that exceed the evaluation criteria are 
classified as "severe NPH events (S)." All other events within the evaluation criteria are classified as 
"Evaluation Basis Accidents" (EBA). 

The Hazard Source identifies the location of the non-standard hazard.. Event Description provides a brief 
description of the event sequence. The Energy descriptor is a qualitative description of the energy 
available to disperse radioactive or toxic material contained within the Segments. The Frequency 
descriptor provides a designator for whether the hazard presents an accident scenario or an expected 
operational occurrence. The Analysis indicator describes the classification of analysis required. 

9.4 Accident Scenarios 

This subsection presents the analysis of abnormal and accident conditions for Segments M,  N. and 0. 
The analysis includes a systematic evaluation of the impacts on on-site personnel, and the off-site public 
by hazards associated with construction, operation, and continued storage of material in Silos 1 ,  2. and 
3 .  It does not discuss safety considerations covered under OSHA. Considerations for OSHA will be 
addressed in the Project-Specific Health and Safety Plan. The purpose of the accident analysis is to 

1) Systematically classify and analyze the hazards associated with the vitrification pilot plant project 
construction, operation, and continued storage in Silos 1, 2, and 3. 

2) Develop the bounding envelope of frequency and consequences through the analysis and 
evaluation of potential kcidents, then determine the acceptability of the associated risks. 

3) Develop methods to control, mitigate, or eliminate unacceptable hazards. 

4) Identify needed safety systems. . 
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Hazard Source Accident/Natural Energy 
Phenomena Event 

Description 

Furnace 
Segment 0 

Fires/Extreme tempemre high possible Sprinkler, 
ope-r 

1 Storage 
Container of 
Vihified 
Product 

1 Silo Dome 
Failure 

Silo 3 Material 
(Powder) 

m a n e  
(Forklift) 

Silo 3 Matwial 
Sume Bin 

possible Forklift Impacflraffic 

Forklift Drop 

Accident 

HoistICrane Drop, physical 
Degradation 

Dust explosion 

Propane gas explosion 

low 

low 

low 

high 

high 

Snow load causes dome 
failure 

RTS failure, fire 

low 

low 

Slurry fkom 
Pilot Plant 
process vessels 

All Segments 

All Segments . 

All Segments 

Direct Radiation 

Radon 
inhalation ! + n  
ambient air . 

Loss of containment on low 
thickener 

EBNDBA Earthquake low 

EBA High Velocity Straight high 
Winds 

Tornado high 

Direct Radiation Exposure d a  

Inhalation of radon d a  

see section 9.6 I ~~ ~ 

Normal Radon releases from d a  d a  Charcoal 
stack filter unit 
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Table 9-5 - Safety Analysis Classification 

r i  I 

Analysis' Frequency Possible 
Mitigators 

11  segments B D B A W W ~  I low I possible I None 1 EBN 
N PH 

DBA 

DBA 

possible Operator, 
material 
form 

DBA 

possible Operator EBA 

incredible 
~ 

Oxidized 
materials 

Shield 
walls, 
ventilation 
svstem 

EBA 

possible DBA 

possible None Silo Dome 
Failure 

Radon in 
Existing RTS 

EBAI 
NPH 

EBA possible Building 

possible ~ Wdy 

possible Seismic 

Liquid spill 
containment 

design of 
Pilot Plant 

DBA 

EBAI 
DBA 

EBN 
DBA 

SlNPH 

N Training, 

d a  Bentonite 
cover, 
Radon 
Treatment 
Svstem 

N 

N 

a Note. N = n o d  operations, A = abnormal operations, S=severe NPH events, DBA=Design Basis 
Accidents, EBA = Evaluation Basis Accident, NPH =Natural Phenomena Event, BDBA = Beyond Design 
Basis Accident 
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5 )  Develop TSRs through analysis of the variables that determine the consequences and frequency 
of the accidents. 

The accident analysis develops frequency and consequence models for accident scenarios associated with 
identified hazards. These models are used to estimate risks posed by the project given the proposed 
configuration during the operation. 

Each hazard is thoroughly investigated and the consequences of the accident scenarios analyzed to their 
conclusions. The scenarios documented in the accident anhysis define the envelope of bounding 
accidents. In general, an abnormal event is any occurrence during normal operation that temporarily 
places the facility in an unsafe condition or causes operations to stop due to adverse conditions. 
Abnormal events include scenarios such as 

1) Extreme weather 
2) Utility failures 
3) 
4) 

5)  
6) 

Safety class items or engineered safety features failing under non-accident conditions 
Failure of any feature designed to mitigate health or environmental effects during normal 
operations 
Human errors that bypass safety systems or safety features 
Events that cause shutdown of the operation 

For the operations considered in the analysis, the failures described above do not result in a release of 
the radioactive or hazardous material from confinement. 

Accident scenarios are analyzed in three major groupings: internal events in Subsections 9.4.1, 9.4.2, 
and 9.4.3; natural phenomena in Subsections 9.4.4, 9.4.5, and 9.4.6; and externally induced events in 
Subsections 9.4.7,9.4.8, and 9.4.9. Segments "M," "N." and "0" are analyzed sequentially under each 
grouping. 

9.4.1 Internal Events in Silos 1 and 2 (Seqment "M"1 

This section quantifies the consequences of the internal events postulated in Segment "M." For hazard 
classification, the bounding consequences for each type of accident initiator were quantified in Section 
8. The.analysis of Section 8 is used in consequence determination for this section. 

The K-65 Silos and the radon treatment system (Segment M) have no normal operational activities and 
as such there are few internal events which could release material confined within this segment. The 
primary accident scenarios involve the release of material due to a loss of confinement caused by a 
material defect or natural degradation. 

. . -  
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9.4.1.1 RTS Failure/Radon Release 

Hazard: Dispersion of radorddaughters from RTS carbon filters. 

Enerw Source: Low-energy event with loss of containment due to various potential initiators, such as 
material defect, weld defect, etc. 

Seauence: A loss of containment of the radon within the carbon filters occurs due to a material defect, 
weld seam failure, or fire. 

AssumDtions 

1) The carbon filter is fully loaded with radon at the time of the loss of containment (3.2 Ci). All 
radon is released and respirable and one half of the daughter products are released based on the 
DCF being applicable under these conditions. This assumptian is conservative since the ARF for 
similar materials is less than 0.5 as reported in literature by Mishima. 

2) Action is taken to recover control of the silos within 2 hours following the release (Ref 9.5). 
Thus, the continued evolution of radon gas from the residues is insignificant in comparison to the 
initial release of the headspace contents. A continued release for 2 hours from the residues is 
approximately 1 percent of the initial release of radon from the canisters. 

2) No project worker exposure since the area in the vicinity of the carbon canisters will not be 
occupied when loaded with radon due to high dose rates. . 

3) The failure rate is 2.66E-8/hr (based on Seabrook Component Failure Distributions) for a rupture 
of a storage tank duringaperation. This value was compared for reasonableness to values used 
in DP-1633 (Ref. 9.7). 

Conseauences: Exposure of on-site workers and the off-site resident to radon gas. 

Freauency: The frequency is based on 2.66E-8 failureslhr and 8,760 hr/yr of operation, or an annual 
failure frequency of 2.33E4yr. This is conservative since the vitrification pilot plant will operate for 
1 month and the frequency is based on 12 months of operation. . 

Mitigators Credited in 'the Analvsis: None. 

Other Mitigators: The carbon canisters are located within a building which will delay the escape of some 
radon to the atmosphere so that a small portion of the radon will decay and not be released to the 
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atmosphere. Following the accident, measures, such as deenergizing the fans and isolation of the failed 
equipment, will take place to isolate the silos to minimize further radon release. 

Results: This accident results in a radiological dose of approximately 840 mrem on-site and IO1 mrem 
off site and has an estimated frequency of 2.3384 per year. 

9.4.1.2 Natural Degradation (Dome Collapse) 

Hazard: Dispersion of radioactive materials (Rn-222 gas). 

Enerm Source: Diffusion and dispersion of radon from silo dome headspace (No external energy capable 
of releasing residues since residues are protected by an average of 2 feet bentonite (which when 
maintained provides a covering) and an earthen berm with a vegetative cover.) 

Seauence: This accident scenario entails a collapse of the silo dome as a result of natural degradation 
followed by the release of ail of the contents of the silo headspace. 

AssumDtions 

1) All of the contents of the headspace from Silos 1 and 2 are released to the atmosphere as a point 
source (based on a headspace volume of 44,800 ft' and an average radon concentration of 2.4E6 
pCi/l maximum credible source term for Silo 2 and 27,900 ff and an average radon concentration 
of 0.23E6 pCi/l for Silo 1). 

2) No additional degradation of the silo dome has occurred since the K-65 Silos Probabilistic Risk 
Assessment (Ref. 9.8). 

Conseauences: The consequence is the inhalation of radon by site workers (100m) or off-site individuals 
(330m). Since project workers do not normally access the silo domes no project worker exposure or 
injury is associated with the silo dome collapse due to natural degradation. 

Freauency: 
0.0389tyr. 

From the Silos 1 and.2 FSAR (Ref. 9.9), the frequency of a silo dome collapse is 

Mitipators Credited in the Analvsis: None. 

Other Mitigators: None. 

ERAFSI\VOLl :RSAPPS\RSDATA\ 
OU-4\PO-85\PSAR.O\ACDNTANL.S9 9-15 I /  121995 



"" 

FEMP-'2337 
PSAR. Rev. 0 

Results: The natural degradation failure of the si10 dome results in a 840 mrem dose on-site and a 101 
mrem dose off site with an expected frequency of 0.0389/yr. 

9.4.2 Internal Event in Silo 3 (Seament "N"1 

This section quantifies the consequences of the internal events postulated in Segment "N." 

Silo 3 (Segment N) has no normal operational activities, and as such there are few internal events which 
could release material confined within this segment. The primary accident scenario involves the release 
of material due to a loss of confinement caused by a material defect or natural degradation. 

9.4.2.1 Natural Degradation 

Hazard: Dispersion of radioactive materials. 

Enerev Source: Diffusion and dispersion of Silo 3 material due to silo dome collapse. 

Sequence: This accident scenario has a collapse of the silo dome as a result of natural degradation 
followed by the release of 38.7 tons (3.5E7 g) (1 percent of the silo contents) of the silo contents 
released. 

Assumutions 

1) One percent (38.7 tons, 3.5E7 g) of the Silo 3 material is released with an airborne fraction of 
0.001 (non-consolidated powder per DOE-STD-1027) and a respirable fraction of 0.488 based 
on particle size (Ref. 9.9). Table 8-4 identifies the curie inventory for Silo 3. One percent of 
the Silo contents are assumed to be susceptible to the energy associated with the release of 
material. Upon loss of containment, some material will slide and fall while the bulk of the 
material will remain in a location beneath the outer surface of material and thus would not be 
susceptible to suspension in the air. 

2) The frequency of a silo dome collapse due to natural degradation is less than that of the natural 
degradation of either Silo 1 or 2. . 

Conseauences: The consequence is the inhalation of radioactive and hazardous material by site workers 
(100m) or off site (330m). Because project workers do not normally access the silo domes no project 
worker exposure or injury is associated with the silo dome collapse due to natural degradation. 
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Frequency: Qualitatively evaluated to be an extremely unlikely event (Frequency in the range of IO" to 
10"). This is bounded by the snow load event. 

Mitigators Credited in the Analvsis: None. 

Other Mitigators: None. 

ResulQ: The natural degradation failure of the silo dome results in an on-site dose of 2680 mrem and 
324 mem dose off site with an assumed frequency of extremely unlikely. Toxicological doses are 
presented at the end of this section (see Tables 9-8 and 9-9). 

9.43 Internal Events in Pilot Plant (Searnent "Owl 

This section quantifies the consequences of the internal events postulated in Segment "0." For hazard 
classification, only the bounding consequences for each type of accident initiator are quantified. Propane 
cylinders located outside on portable carts and inside on forklifts present explosion hazards. These 
cylinders are in use in the vicinity of the stored inventory. Some flammable materials are possible 
initiators for the "fire" hazard category. If ignited, these materials could impact nearby storage drums 
and result in an airborne release. 

9.4.3.1 Propane Gas Explosion 

Because the forklift is propane powered, an accident scenario was developed that considers three 
sequences that could result in a release of propane from the cylinder in a quantity and at a rate that could 
achieve the Lower Explosive Limit (LEL) for propane in the confined area of the pilot plant. The 
following discussion describes a generic model for the frequency analysis of propane gas explosions. 

Hazard: Dispersion of radioactivehazardous material due to the explosion. 

Enerm Source: Explosion of propane gas. 

Sequence: Three sequences that could result in a release of propane in significant concentrations into the 
confined pilot plant area are (1) the fitting for the propane cylinder is damaged during operations due to 
mechanical or human failure resulting in a loss of control of the propane driven vehicle; (2) the propane 
cylinder leaks due to a mechanical failure (rupture) of the vehicle's propane distribution system; or (3) 
human error during propane cylinder installation results in an improper seal between the cylinder and the 
fitting. 
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All release mechanisms lead to the following sequence: (1) the propane leaks from the cylinder; (2) a 
concurrent ignition source (e.g., electrical spark) ignites the released gas causing an explosion; (3) the 
propane gas tank heats up and explodes and; (4) the energy generated by the explosion impacts the shield 
walls, causing damage to the pilot plant process building and the vitrified product stored inventory. 

AssumDtions 

1) The energy involved in the blast is insufficient to totally destroy the shield wall (6 inches of 
reinforced concrete), which will protect the process vessels which store and contain the furnace 
feed material. 

2) The forklifts are not operated in the vicinity of the filter receiver, which is located outdoors. 
This makes the possibility of an explosion and release from the filter receiver unlikely. 

Conseauences: Capital equipment loss, serious injury and /or fatality. 

Freauency: Not applicable. 

Mitigators Credited in the Analvsis: None. 

Other Mitigators: Vitrified material form. Inherent properties of concrete used for shielding major 
process vessels. 

Results: The blast may damage the vitrified product but will not cause a significant release of respirable 
material due to the solid consolidated form of the vitrified material. The blast may cause the release of 
large glass shards which present a hazard to workers common to all vitrification processes. 

9.4.3.2 Dust Explosions 

Because ignition of finely divided combustible powders and dusts may result in an explosion, the potential 
for a dust explosion during pilot plant activities was evaluated. In addition to the dust composition (e.g., 
combustibility), explosive limits are dependent on numerous properties including particle size, moisture 
content, volatile content, and oxygen concentration. The concern with this activity results from the 
suspension of powders in the air in the immediate vicinity of the dust collector/surge bin process line 
operation. Review of the process history of the materials in Silo 3 indicates the metals were processed 
through a calciner prior to transfer: to Silo 3 to convert the metals to metal oxides. Therefore, these 
powders are oxidized materials, consequently they are non-combustible and do not present an explosion 
hazard. No other dust explosion hazards were identified. 

. _ -  
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9.4.3.3 Fires 

In the presence of large quantities of combustible materials, fires involving stored inventory are a 
significant concern. However, the vitrified material that may be stored in the process building is a solid, 
nondispersible material encapsulated at the molecular level, effectively controlling any release of 
respirable or soluble material. No hazard is identified for the process area, except potential equipment 
damage. 

Hazard: Equipment damage. 

Energv Source: Fire. 

Seauence: Two types of fires have been considered: (1) building fires and (2) equipment fires. 

Building Fires: During the 35 years of full production activities, whi-ch were discontinued in July 1989, 
no facility fires O C C U K ~ ~  at the FEMP. This is, in part, attributable to the presence of operators who 
could prevent the growth of small fires into facility fires; however, a facility fire which occurred at the 
site after production ceased involved the boiler plant which was in operation at the time and produces 
steam for plant usage. Althoughthis was a significant site event, it should be noted that the boiler plant 
contained significantly greater quantities of combustible material than the vitrification pilot plant program. 
The combustible material (Le., coal) in the boiler plant was also in a form which is highly susceptible 
to combustion. 

One potential source of a building fire would be the loss of insulation on the furnace leading to 
temperatures which exceed the ignition temperature of the building materials. 

Frequency: The frequency for an insulation failure is not known, but is assumed to be low. 

AssumDtions No consequences likely 

Mitigators Credited in the Analvsis: None. 

Other Mitigators: Building sprinkler systems, operator action to extinguish small fires. The furnace 
insulation is subject to vendor and acceptance inspections decreasing the probability of a failure. 

Results: Not a significant accident scenario. 
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9.4.3.4 Forklift Drop 

Since a forklift may be used to transport containers of vitrified material to storage, it is possible to have 
a container drop and lose its integrity. However, the solid consolidated form of the vitrified material 
would not result in an airborne hazard. This scenario does not need further development. 

9.4.3.5 Loss of Confinement (Thickener Rupture) 

It is possible for any part of the vitrification process system to lose confinement of the material it is 
carrying and release material to the environment. Because the slurry line carrying material from Silos 
1 and 2 to the vitrification pilot plant is double walled, the probability of a simultaneous loss of both 
primary and secondary confinement is very unlikely. The loss of containment accident will be evaluated 
based on the thickener, which also contains the greatest amount of material. The risk from the slurry line 
spill is bounded by the thickener rupture. 

Hazard: Release of radioactive and hazardous material. 

Enerw Source: Gravity drain of thickener tank. 

Seauence: Thickener develops leak due to material defect or weld failure. Material is leaked into the 
diked area of the process area: The spill is contained by the diked area. 

Assumutions 

1) The unmitigated consequences will be determined. 

2) Airborne release fraction of 4E-06 is assumed for free fall spill of liquid with a density greater 
than one. 

4) K-65 material is used for the source term, thickener 50 percent full of solid material and 50 
percent water at the time of the accident. See Table 8-1 for the thickener inventory. 

5)  The failure rate is 2.66E-8hr (Seabrook Component Faflure. Distributions) for a rupture of a 
storage tank during operation. 

Conseauences: Exposure to airborne radionuclides and chemicals. 
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Frequency: The frequency is based on 2.66E-8kr and 8,760 hrlyr of operation, or an annual frequency 
of 2.33 E-4Iyr. 

Mitigators Credited in the Analvsis: None. 

Other Mitigators: The liquid spill is contained within the process area secondary containment. The short 

duration of the project (30 days) reduces the expected frequency. 

Results: The unmitigated consequences result in a dose of 96.4 mrem on-site and 7.4 mrem to an off-site 
individual. Toxicological consequences are presented at the end of this section (see Tables 9-8 and 9-9). 

9.4.3.6 Loss of Confinement (Surge Bin) 

It is possible for any part of the vitrification process system to lose confinement of the material it is 
carrying and release material to the environment. This accident evaluates the loss of dry Silo 3 material 
from the filter receiver storage area due to a tank rupture. 

Hazard: Release of radioactive and hazardous material. 

Enerm Source: Gravity drain of surge bin. 

Seauence: Surge bin develops leak due to material defect, weld failure, etc. 

AssumDtions 

1) The unmitigated consequences will be determined. 

2) Airborne release fraction of 0.001 for nonconsolidated powder and a respirable fraction of 0.488. 
See Table 8-1, for the Loss of Confinement on the Surge Bin. 

3) Surge bin full of 10 tons of material. 

4) The failure rate is 2.66E-8kr (Seabrook Component Failure Distributions) for a rupture of a 
storage tank during operation. 

Conseauences: Exposure to airborne radionuciides and chemicals. 

- . -  
Freauencv: The frequency is based on 2.66E-8kr and 8,760 hrlyi of operation, or an annual frequency 
of 2.33E41yr. 
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Mitigators Credited in the Analvsis: None. 

Other Mitigators: None. 

Results: The unmitigated consequences result in a dose of 690 mrem on-site and 54 rnrem to an off-site 
individual. Toxicological consequences are presented at the end of this section (see Tables 9-8 and 9-9). 

9.4.3.7 Off-Gas Failure/Radon Release 

Hazard: Dispersion of radon from carbon filters. 

- 
Enerw Source: Lowenergy event with loss of containment due to various potential initiators. 

Seauence: A loss of containment of the radoddaughter products within the carbon filters occurs due to 
a material defect, weld seam failure, or fire. 

AssumDtions 

1) The carbon filter is fully loaded with radon and radon decay products from pilot plant operations 
at the time of the loss of containment (4 Ci). 

2) No project worker exposure since the area in the vicinity of the carbon canisters will not be 
occupied when loaded with radon due to high dose rates. 

3) The failure rate is 2.66E-8hr (based on Seabrook Component Failure Distributions) for a rupture 
of a storage tank during operation. 

Conseauences: Exposure of on-site workers and the off-site receptor to radon gas. 

Frequency: The frequency is based on 2.66E-8 failureshr and 8,760 hr/yr of operation, or an annual 
failure frequency of 2.33E4yr. This is conservative since the vitrification pilot plant will operate for 
1 month and the frequency is based on 12 months of operation. 

Mitigators Credited in the Analvsis: None. 

Other Mitigators: The carbon canisters are located within the building which will contain/delay the 
escape of radon to the atmosphere so that a portion of the radon will decay and not be released to the 
atmosphere. Following the accident, measures will take place to recover the silos to minimize further 
radon release. 

. 
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Results: This accident results in a radiological dose of 1080 mrem on-site and 81 rnrern off site and has 
an estimated frequency of 2.33E-4 per year. The consequences of this event are less than those of 
Subsection 9.4.1.1 due to the off-gas system proposed location being approximately 100 meters farther 
(430 m) from the site boundary than the existing RTS. 

9.4.4 Natural Phenomena in Seclment "M" 

Extremes in natural phenomena can adversely affect the K-65 Silos by causing damage or by aggravating 
the deteriorated condition of the domes. Natural phenomena are summarized herein as they have affected 
or can directly affect the segment. Snow, lightning, rain and flooding, earthquakes, high velocity straight 
winds, and tornados were considered. Volcanism, glaciation, and meteorites were qualitatively screened 
from the analysis. 

9.4.4.1 Snow 

Hazard: Release of radorddecay products from silo headspace due to dome collapse. 

Energv Source: Radon diffuses/disperses from headspace. 

Seauence: Mass of snow causes failure of the silo dome. 

Assumotions 

1) All of the contents of both silo headspaces are released to the atmosphere as a point source 
(based on a headspace volume of 44,800 fi? and an average radon concentration of 2.4E6 pCi/l 
maximum credible source term for Silo 2 and 27,900 ft' and an average radon concentration of 
0.23E6 pCi/l for Silo 1). 

2) No additional degradation of the silo dome has occurred since the K-65 Silos Probabilistic Risk 
Assessment (Ref. 9.7). 

Conseauences: The consequence is the inhalation of radon by site workers (loom) or off site (330m). 
Because project workers do not normally access the silo domes, no project worker exposure or injury is 
associated with the silo dome collapse due to natural degradation. 

Freauency: The possibility of snow causing a dome failure is not known, but is assumed qualitatively 
to be less than 2E-2 based on past operational history of the silos. 
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Mitigators Credited in the Analvsis: None. 

Other Mitigators: Snow falls on bentonite adding a layer to partially reduce radon emanation. 

ResulQ: The failure of the silo dome results in a 840 mrem dose on-site and 101 mrem dose off site. 
Toxicological doses for on-site workers and the off-site public are presented at the end of this section (see 
Tables 9-8 and 9-9). 

9.4.4.2 EBA Earthquake 

Hazard: Dispersion of radioactivehazardous materials. 

Enerw Source: Horizontal and vertical ground accelerations. 

Seauence: An earthquake occurs causing the failure of the silo dome. 

Assumotions 

1) All of the contents of both silo headspaces are released to the atmosphere as a point source 
(based on a headspace volume of 44,800 ti? and an average radon concentration of 2.4E6 pCi/l 
maximum credible source term for Silo 2 and 27,900 ti? and an average radon concentration of 
0.23E6 pCi/l for Silo 1). 

2) No additional degradation of the silo dome has occurred since the K-65 Silos Probabilistic Risk 
Assessment (Ref.9.8). 

Conseauences: The consequence is the inhalation of radon by site workers (100m) or off site (330m). 
Because project workers do not normally access the silo domes, no project worker exposure or injury is 
associated with the silo dome collapse. 

Freauency: 8 E 4 y r  (see Section 3) estimated frequency. 

Mitigators Credited in the Analvsis None. 

Other Mitivators: None. 

Results: The earthquake induced failure of the silo dome results in a on-site dose of 840 mrem and 101 
mrem dose off site with an estimated frequency of 8E,4/yr. - _ -  
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9.4.4.3 

Hazard: Additional degradation to the silo domes. 

Enerm Source: High Velocity Straight Winds (HVSWs). 

Seauence: HVSWs cause damage to or collapse of the silo domes. 

Assumutions : 

EBA High Velocity Straight Winds 

1) The 

2) The 
3. 

low end defining HVSWs is 50 miles per hour. 

silos have been constructed to at least the evaluation criteria limits as discussed in Section 

- 

Conseauences: HVSWs could cause minor damage to the silo domes or protective coverings with no 

expected release if within the evaluation limits. HVSWs could contribute to physical degradation (as 
described in Subsection 9.4.1,7). 

Freauency: The frequency for a 50 mph HVSW is 0.1 (Ref. 9.10). The upper limit of the 
evaluation criteria is for winds of 80 mph, which have a frequency of 2.5E-02. Therefore, in 1 year the 
frequency of occurrence for an HVSW within the design criteria is 0.1 - 0.025 = 7.5E-02. 

Mitigators Credited in the Analvsis: Survival of the silo. 

Other Mitigators: None. 

Results: Abnormal operations. 

9.4.4.4 Severe Tornado 

Hazard: Dispersion of radioactivehazardous materials. 

Enerw Source: Tornado winds, low pressure differential, and missiles. 

Sequence: A tornado causes the silo dome to collapse and results in a release of radioactive materials. 
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Assummions 

1) All of the contents of both silo headspaces are released to the atmosphere as a point source 
(based on a headspace volume of 44,800 ft' and an average radon concentration of 2.4E6 pCi/l 
maximum credible source term for Silo 2 and 27,900 ft' and an average radon concentration of 
0.23B6.pCiA for Silo 1). 

2) No additional degradation of the silo dome has occurred since the K-65 Silos Probabilistic Risk 
Assessment (Ref.9.8). 

Conseauences: Since the slowest tornado winds only occur above the design wind speed of the segment, 
an Evaluation Basis Event cannot occur. All tornado events at the segment would be classified as severe 
NPH events. 

Freauencv: The frequency for a tornado at the FEMP is 6.6E4year (Ref. 9.8). 

Mitigators Credited in the Analvsis: None. 

Other Mitigators: None. 

Results: This accident results in a radiological dose of 1.8E-2 mrem off site and 0.4 mrem on site and 
has an estimated frequency of 6.6E-4 per year. 

9.4.4.5 Severe Earthquake 

Results are the same as described in Subsection 9.4.4.2. 

9.4.5 Natural Phenomena in Seament "N" 

Natural phenomena are summarized herein as they may directly affect the segment. Snow, earthquakes, 
HVSWs, and tornados were considered. 

9.4.5.1 Snow 

Hazard: Loss of containment on silo dome. 

Enerm - Source: Release of material into air due to collapse of dome. . 
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Seauence: Mass of snow causes failure of the silo dome. 

AssumDtions: One percent of the Silo 3 material is released with an airborne fraction of 0.001 and a 
respirable fraction of 0.488 based on particle size. 

Conseauences: The consequence is the inhalation of radiological and toxicological material by site 
workers (100m) or off site (330m). Since project workers do not normally access the silo domes no 
project worker exposure or injury is associated with the silo dome collapse due to natural degradation. 

Freauency: The possibility of snow causing a dome failure is not known but is assumed qualitatively to 
be significantly less than that of the Silos 1 and 2 snow loading failure. 

Mitigators Credited in the Analvsis: None. 

Other Mitigators: None. 

Results: The failure of the silo dome results in an on-site dose of 2680 mrem and 324 rnrem off site. 
Toxicological doses for on-site workers and the off-site public are presented at the end of this section (see 
Tables 9-8 and 9-9). 

9.4.5.2 EBA Earthquake 

Hazard: Dispersion of radioactivehazardous materials. 

Enerw Source: Horizontal and vertical ground accelerations. 

Seauence: This accident scenario has a collapse of the silo dome as a result of an EBA earthquake 
followed by the release of 38.7 tons (3.337 g) (1 percent of the Silo contents) of the silo contents 
released. 

AssumDtions 

1) One percent (38.7 tons, 3.5E7 g) of the Silo 3 material is released with an airborne fraction of 
0.001 (nonconsolidated powder per DOE-STD-1027) and a respirable fraction of 0.488 based 

on particle size (Ref. 9.9). Table 8-4 identifies the curie inventory for Silo 3. One percent of the 
Silo contents are assumed to be susceptible to the energy associated with the release of material. 
Upon loss of containment, some material will slide and fall while the bulk of the material will 
remain in a location beneath the outer surface of material and thus not susceptible to suspension 
in the air. 

- . -  
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AssumDtions: One percent of the Silo 3 material is released with an airborne fraction of 0.001 (non- 
consolidated powder per DOE-STD-1027) and a respirable fraction of 0.488 based on particle size (Ref. 
9.9). See Table 8-1 for Silo 3 inventory. 97.4 tons (8.84E+7 grams) (one percent of the Silo contents) 
of the silo contents released. 

Conseauences: The consequence is the inhalation of radioactive and hazardous material by site workers 
(loom) or off site (330m). Since project workers do not normally access the silo domes, no project 
worker exposure or injury is associated with the silo dome collapse due to natural degradation. 

Freauency: 8E-4/yr (See Section 3) estimated frequency. 

Mitipators Credited in the Analvsis: None. 

Other Mitigators: None. 

Results: The natural degradation failure of the silo dome results in a dose of 2680 mrem on-site and 324 
mrem dose off site with an expected frequency of 8E-4/yr. Toxicological doses for on-site workers and 
the off-site public are presented at the end of this section (see Tables 9-8 and 9-9). 

9.4.5.3 EBA High-Velocity Straight Winds 

Hazard: Additional degradation to the silo domes. 

Energy Source: High-Velocity Straight Winds (HVSWs). 

Seauence: HVSWs cause damage to or collapse of the silo domes. 

AssumDtions 

1) The low end defining HVSWs is 50 mph. 

2) The silos have been constructed to at least the evaluation criteria limits as discussed in Section 3. 

Conseauences: HVSWs could cause minor damage to the silo domes or protective coverings with no 
expected release if within the evaluation limits. HVSWs could contribute to physical degradation (as 
described in Subsection 9.4.1.7). 
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Freauency: The frequency for a 50 mph HVSWs is 0.1 (Ref. 9.8). The upper limit of the evaluation 
criteria is for winds of 80 mph, which have a frequency of 2.5E-02. Therefore. in 1 year the frequency 
of occurrence for an HVSWs within the design criteria is 0.1 - 0.025 = 7.5E-02. 

Mitigators Credited in the Analvsis: Survival of the silo. 

Other Mitigators: None. 

Results: Abnormal operations. 

9.4.5.4 Severe Tornado 

Hazard: Dispersion of radioactivehazardous materials. 

Enerev Source: Tornado winds, low pressure differential, and missiles. 

Seauence: A tornado causes the silo dome to collapse and results in a release of radioactive materials. 

Assumutions: See Section 8, Segment N tornado scenario for details. 

Consequences: Since the slowest tornado winds only occur above the design wind speed of the segment, 
an Evaluation Basis Event cannot occur. All tornado events at the segment would be classified as severe 
NPH events. 

Freauency: The frequency for a tornado at the FEMP is 6.6E4year (Ref. 9.8). 

Mitigators Credited in the Analvsis: None. 

Other Mitigators: None. 

Results: This accident results in a radiological dose of 12.6 mrem on-site and 0.6 mrem off site and has 
an estimated frequency of 6.6E-4 per year. Toxicological doses for on-site workers and the off-site 
public are presented at the end of this section (see Tables 9-8 and 9-9). 

9.4.6 Natural Phenomena in Seament "0" 

Natural phenomena do not need to be considered in detail in the accident analysis for a short duration 
project such as the operation of the pilot plant per WHC-SP-0960 (Ref. 9.1). This is due to the 

. . -  
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occurrence of a natural phenomena event during the intermittent use for less than 1 year is extremely 
unlikely. 

The bounding consequences caused by natural phenomena are presented in Section 8. The bounding 
natural phenomena event would be an earthquake with an on-site dose of 1,840 mrem and an off-site dose 
of 142 mrem. This is the equivalent of a simultaneous loss of confinement on the thickener (off-site - 
7.43E+0, on-site 9.648+ 1). surge bin (off-site - 5.4E+ 1 ,  on-site 6.98+2), and off-gas collection (off- 
site 8.1E+1, on-site l .lE+3) system. Since natural phenomena is bounded by this event and the 
occurrence is extremely unlikely no other scenarios will be evaluated. 

9.4.7 Externallv Induced Events in Seament - “M” 

Most safety-related occurrences are the result of failure within the system or of some action intentionally 
directed toward the system. It is possible, however, for the damage to be inflicted on a system as a result 
of some occurrence in an apparently separate system. No credible external events were identified in the 

hazard analysis Section 8. 

9.4.8 Externallv Induced Events in Seament “N” 

Most safety-related occurrences are the result of failure within the system or of some action intentionally 
directed toward the system. It is possible, however, for the damage to be inflicted on a system as a result 
of some occurrence in an apparently separate system. No credible external events were identified in the 
hazard analysis in Section 8. 

9.4.9 Externallv Induced Events in Seament “0” 

Most safety-related occurrences are the result of failure within the system or of some action intentionally 
directed toward the system. It is possible, however, for the damage to be inflicted on a system as a result 
of some occurrence in an apparently separate system. No credible external events were identified in the 
hazard analysis in Section 8. 

9.5 EBA/DBA Conditions and Performance Criteria 

The purpose of this section is to document the specific set of conditions used to determine the 
performance criteria for safety class systems and features. 

There are no DBAs/EBAs which require an SSC to mitigate the effects to the public or on-site workers 
based on proposed DOE-STD-3005-YR. . .  
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9.6 Normal Operations 

This section presents the normal operational requirements and allowed impacts of the proposed facility. 
The normal operational impacts from Segments M and N are based on data collected and presented in 

Segment 0 is currently under title design and no 
operational history is available, nor is there any similar facility with which to compare the impact. 

. previous A M U ~  Site Environmental Reports. 

Normal operations for Segment 0 are presented as requirements which the design must meet to operate 
in accordance with the health and safety criteria, and ARARs. 

9.6.1 Normal ODerations for Seament M 

Segment M has no normal operations other than the continued storage of K-65 residues within the silos. 
The hazards associated with this normal activity are monitored through the environmental monitoring 
program and reported in the FEMP Annual Site Environmental Report. 

The results of the environmental monitoring program are summarized below (from DOE RI Report, 
Ref. 9.11). 

9.6.1.1 Air 

Air data consists of FEMP Environmental Monitoring Program quarterly radon monitoring results 
obtained during the period 1989 through 1992. Monitoring results were obtained from 24 sampling 
stations along the FEMP fenceline perimeter, four sampling stations within the FEMP, 13 sampling 
stations along the fence surrounding Silos 1 and 2, and eight sampling stations located along the 
perimeters of the Silo 1 and 2 domes. 

Fenceline monitoring for radon shows small variations from year to year. For example, FEMP boundary 
fenceline monitoring stations recorded annual average concentrations for 1990 ranging from 0.4 to I .5 
pCi/l as compared to 0.5 to 1.0 pCi/l in 1989. These concentrations are, however, in the range of 
background. 

In 1991, FEMP personnel completed the K-65 Silos Removal Action. This removal action consisted of 
placing the bentonite clay layer over the residues stored in Silos 1 and 2. Changes in radon at the 
fenceline were not discernable from background variations. In the vicinity of OU-4, however, radon 
concentrations were reduced by a factor of as much as 20. 
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9.6.1.2 Direct Radiation 

Direct radiation data consists of quarterly exposure data measured at 12 points along the FEMP perimeter 
and at two points within the FEMP perimeter, northeast of the former production area. Natural 
background measurements for areas surrounding the FEMP site ranged from 6.1 to 6.9 predhr  during 
1990. During 1990, the FEMP perimeter monitoring stations which exhibited the highest average 
radiation exposure rate (12.6 premhr) was located 1.100 feet directly west of OU-4. The 1992 
monitoring data for this location yielded a dose rate of 5.2 premhr. Thus, along the FEMP perimeter, 
direct radiation from OU-4 is no longer discernable from background. 

9.6.2 Normal ODeration for Seament N 

Segment N has no normal operations other than the continued storage of residues. The hazards associated 
with this normal activity is monitored through the environmental monitoring program and reported in the 
FEMP Site Annual Environmental Report. 

The results of the environmental monitoring program for OU-4 are summarized in Subsection 9.6. I .  

There is no appreciable external dose rate from the material within Silo 3.  

9.6.3 Normal ODerations for Seqment 0 

The pilot plant vitrification facility has not been constructed. There are no operational data available on 
which to base the analysis of normal operations. The operational safety-related requirements for the pilot 
plant are summarized here. An assessment of expected releases has been made using available 
information. The confirmation of the assessment of the design will be finalized following further tests 
of the charcoal effectiveness to adsorb radon on a large, active flow-through system. In addition, the 
pilot plant is intended to assist in collecting data to determine the potential source terms and hazards 
associated with vitrification of the wastes within OU-4. These data will be used in the design of the full 
scale remediation facility in compliance with all rules, regulations, and standards. 

. .  

The uncertainty associated with the system meeting the requirements for normal operations is acceptable 
because appropriate controls will be in place to monitor releases from the vitrification process and the 
existing environmental monitoring will account for radon at the site boundary as a requirement for the 
FEMP site and not just the vitrification pilot plant. 
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9.6.3.1 Air Discharges 

The exhaust air from the upgraded RTS and the off-gas from the proposed vitrification facility represent 
the only two contaminated airborne effluent discharges that will be generated during normal vitrification 
pilot plant operations. The RTS exhaust air will consist predominantly of Rn-222, whereas the 
vitrification facility melter off-gas will contain Rn-222 and other uranium and thorium decay chain 
radioisotopes as well as other off-gases. Section 2 and 3 of this PSAR identify the requirements that will 
be incorporated into the design bases of the OU-4 pilot plant. , 

The radon emissions from the pilot plant shall be controlled such that: 

1) The average Rn-222 concentration for ambient air in an unrestricted area does not exceed 3 pCi/l- 
above background (DOE Order 5400.5.IV.6.b.[2]). 

2) The annual average Rn-222 concentration for ambient air in a restricted area does not exceed 30 
pCi/l above background (DOE Order 5400.5.IV.6.b.[2]). 

3) The maximum 'Rn-222 concentration for ambient air in a restricted area does not exceed 100 
. pCi/l above background (DOE Order 5400.5.IV.6.b.[2]). 

4) The average Rn-222 releke rate does not exceed 20 pCi/m2/sec (applicable to fugitive releases 
only; see DOE Order 5400.5.IV.6.b.[2]). 

Air dispersion modeling was conducted to establish radionuclide discharge limitations at each point source 
of normal operations. A summary of this modeling is below 

Radon Release from Off-Gas Treatment Svstem 

The release of radon from Segment 0 normal operations are assessed. There is no worker exposure to 
radon gas in the pilot plant under expected conditions except for background and any nominal releases 
from the vitrified product. This will be confirmed as the project is operated through radon monitoring. 
Any vitrified product which is off-spec as a result of excessive radon release will be removed from the 
pilot plant. ' 

The assessment of radon releases through the stack in Segment 0 was made with the following 
assumptions: 

1) Stack height will be 12 feet above any building within 500 feet. Since the silos are likely to be 
within 500 feet of the vitrification pilot plant process building the assumed stack height for 

._ - 
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modeling will be 36 feet (silos’ height) and an additional 12 feet (minimum). Therefore, a mean 
stack height of 15 meters is used in the PSAR and will be revised in the FSAR. 

2) The distance to the fence line depends on the sector. The concentration will be calculated in 
concentric rings at various distances to estimate the concentration in all 16 sectors. 

3) Emissions estimates from the Off-gas Treatment system are based on processing 10 tons of Silo 
3 material and 20 tons of Silo 2 material. The annual average concentration will be calculated 
since the acceptance criteria are based solely on the annual average concentration. 

4) The sluicing operation at Silo 2 will be done using “bag-in, bag-out” methods which will 
maintain the silo in a sealed condition. 

C .  

5 )  The annual average radon concentration at the site boundary is limited to 3 pCi/l above 
background per the Pilot Plant Program ARARs. All pilot p1.ant operations will be limited to an 
annual average impact on the radon concentration of 2.0 pCi/l to account for other sources of 
radon. 

6)  For ease of calculational purposes and summing the impacts from the various sources of radon 
associated with the Pilot Plant Program, all sources will be treated as a point source from the 
same location at a distance of 330 meters from the nearest site boundary. This is reasonably 
conservative since the Pilot Plant will be located further from the boundary than the 330 meters. 

7) Emissions from Silo 1, 2, and 3 may increase during the material removal process due to 
breaching the bentonite cap. Overall annual emission from the silos will be less than previous 
years emissions prior to bentonite addition. Bentonite cover in Silos 1 and 2 will be repaired as 
necessary, following the material removal. . 

8) The radon concentration off-site will be evaluated as the highest concentration which is at a 
distance greater than the nearest site boundary. This is without regard to the sector in which the 
maximum occurs. This is reasonable and conservative given the uncertainties associated with 
long term dispersion modeling. 

. The US EPA computer program Industrial Source Complex Dispersion Model Version 2 (ISC2) was used 
in the long term mode (ISCLT2). The meteorological data from the 4 year STability ARray (STAR) 
format which has been used in the annual NESHAPs compliance reports was used. Other data required 
by ISCLT2, were selected as regulatory default values in the code. . 
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The emission estimates are as follows: off-gas emissions of LO tons of Silo 3 material (surge bin limit) 
at 3.8783 pCi/g of Rn-222 assumed equilibrium with Ra-226, 23 tons of Silo 2 material (based on 
furnace capacity of 1 metric ton per day, 10 tons Silo 3 material and no additive feed) at 4.77ES pCi/g 
Rn-222 assumed equilibrium with Ra-226, and additional radon emissions from Silo 2. The total radon 
emissions are then 7.OE6 pCi/s on an annual average basis or approximately 8.4E6 pCi/s for the 30 days 
of the pilot plant program duration. 

Based on the modeling results of the ISCLT;! computer program, the maximum radon concentration off- 
site is expected to be 48 pCi/m’ or 0.048 pCi/l. Based on this assessment, the radon removal portion 
of off-gas treatment are not essential to satisfy the ARARs. Thus, there is no specification for the 
effectiveness of the radon removal systems. It will be designed using Best Available Technology (BAT) 
for ALARA purposes and used to collect data for the design of the large scale remediation facility. 

Radioactive Particulate Release 

Radionuclide emissions from the OU-4 pilot plant, excluding radon and decay progeny, shall be 
controlled to ensure that the maximally exposed individual (MEI) member of the public does not receive 
a total effective dose equivalent in excess of IO mrendyr for the airborne pathway in accordance with 40 
CFR 61, Subpart H requirements (radionuclide NESHAP for DOE facilities). In addition, the exposure 
to ME1 members of the public, as a consequence of the OU-4 pilot plant activities, shall not exceed 100 
mredyr  for all exposure pathways (DOE Order 5400.5.11. la). 

The only activities which may release particulates to the environment under normal operating conditions 
are the transfer of Silo 3 material from Silo 3 to the surge bin and its subsequent transfer to the slurry 
tanks. ’ Since 48.8 percent of Silo 3 material is less than I micron in size, the material is transferred 
pneumatically through a filter/receiver. The filter/receiver exhaust air is filtered through a HEPA filter 
and exits through a stack. 

The carryover fraction and the HEPA filter efficiency for the fine particles in Silo 3 are not well known. 
This assessment determines the maximum release of particulate material allowed to maintain normal 
operations off-site doses to acceptable levels. In order to assure that the actual release is less than 
calculated allowed release, pre-operational tests must be performed to verify the filter/receiver and HEPA 
filter performance. 

There is no worker exposure to Silo 3 material due to the elevated release 

The assessment in developing the maximum release of Silo 3 material allowed and the performance 
requirements for the HEPA filter and filterheceiver are as follows 
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AssumDtions 

Stack height will be 12 feet above any building within 500 feet. Since the silos are likely to be 
within 500 feet of the vitrification pilot plant process building the assumed stack height for 
modeling will be 36 feet (silos' height) and an additional 12 feet (minimum). Therefore, a mean 
stack height of 15 meters is used in the PSAR and will be revised in the FSAR. 

The distance to the fence line depends on the sector. 'The concentration will be calculated in 
concentric rings at various distances to estimate the concentration in all 16 sectors. 

Emissions estimates are based on processing 10 tons of Silo 3 material through the 2 transfer 
operations. The annual average concentration and CEDE will be calculated since the acceptance 
criteria are based solely on the annual average concentration. 

The sources is treated as a point source at a distance of-330 meters from the nearest site 
boundary. This is reasonably conservative since the Pilot'Plant will be located further from the 
boundary than the 330 meters. 

The concentration off-site will be evaluated as the highest concentration which is at a greater 
distance than the nearest site boundary. This is without regard to the sector in which the 
maximum occurs. This is reasonable and conservative given the uncertainties associated with 
long term dispersion modeling. 

The conservative assumptions used to calculate the release rate allowed from the Pilot Plant 
accounts for the uncertainty associated with applying the long term dispersion model to a one 
month release. 

The modeling was done using the same code and parameters as for radon except for the source term. 
ISCLT2 was run based on the STAR data file to develop the long term dispersion factors. The minimum 
long term dispersion factor for any sector at a distance of 330 meters was used to back calculate the 
allowed Silo 3 material release based on an acceptable annual dose of 0.1 mredyr through the inhalation 
pathway. This is based on one percent of the allowable air pathway exposure to the pilot plant project. 
The calculation was performed in this manner to develop performance criteria for the filter/receiver and 
HEPA filter. 

Based on the modeling results of the ISCLT2 computer program, the minimum dilution factor is 7E-6 
off-site. This dilution factor is more than twice the dilution factor in the direction of the nearest site 

concentration of radionuclides in Silo 3 material as listed in Table 8-1 the removal efficiency required 
boundary (3E-6 at 330 meters). Based on the minimum dilution factor, the 0.1 mrem dose limit, and the . -  
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Pb-210 

Ra-226 

of the HEPA and filter/receiver combined must be 99.98 percent for the Silo 3 material. This is to be 
confirmed by benchscale or pre-operational testing prior to use of those systems to transfer Silo 3 
materials and release to the atmosphere. 

~~ ~ 

7.586 

6.1E6 . 

The allowed emissions in the effluent from the Silo 3 material transfer system to the stack is listed in 
Table 9-6. 

Table 9-6 Effluent Release Limits for Silo 3 Material 

11 Ra-228 I 6.4E5 ll 
Th-228 I .4E6 

Th-230 9.6E7 

1.3E6 

U-234 3.1E6 

U-235/6 1.9E5 

9.6.3.2 Process Wastewater Discharges 

Excess process wastewater generated during the treatability study of OU-4 will be transferred to on-site 
treatment facilities prior to discharge to the Great Miami River. This wastewater discharge is regulated 
under the Federal Clean Water Act and the State of Ohio Water Pollution Control Act. The process 
effluent wastewater from the OU-4 .pilot plant will be sampled, monitored, and treated if required, to 
meet any influent wastewater limits imposed by the Advanced Wastewater Treatment (AWWT) Facility. 
All process wastewater will then be treated by the AWWT to ensure that the discharge is within the pre- 
established limits imposed by the National Pollutant Discharge Elimination System permit, 40 CFR 125, 
40 CFR 136, 10 CFR 20.1302@), OAC 3745-01, OAC 3745-33-04, and DOE Order 5400.5. 
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9.6.3.3 Stormwater Discharges 

Appropriate controls will be implemented during construction of the OU-4 pilot plant to minimize 
contamination of stormwater runoff in accordance with 40 CFR 122 and OAC 3745.38. The stormwater 
runoff which has the potential to become contaminated with hazardous substances will be segregated, 
retained, and transferred to the sitewide contaminated stormwater control system for treatment. All 
stormwater discharges will comply with the requirements established in 40 CFR 122, OAC 3745-01-07, 
and OAC 3745-33-04. The stormwater runoff which does not have the potential to become contaminated 
with hazardous substances will be segregated and discharged directly to the Bio-Surge Lagoon. Soil 
erosion controls will be provided as required. 

The drainage systems will be sized to handle the peak flows and runoff volumes from a 25-year storm 
event. Drainage and erosion controls shall be in place during the construction period. 

9.6.3.4 Occupational Radiation Exposure 

Areas that are normally occupied are designed to have dose rates of less than 0.25 mredhr  by shielding 
the sources of gamma emitting radionuclides. Activities in these areas are assumed to be free from 
restrictions. Th,e two normal activities leading to significant exposures to workers are vitrified drummed 
material movement (K-65 material) and sampling activities. 

The external dose from these two activities are summarized below: 

Vitrified Material Movement to Temuorarv Storage 

The dose rate from the Silo 3 material is not a concern. The dose rate from the K-65 material is a red 
exposure hazard. 

The analysis is based on the following: 

1) Nine drums in casks with 1-inch lead shielding in the furnace area 

2) Six full drumi removed every other day 

3) Five minutes per drum for swiping and capping 

4) The cask covers will not be placed on the lid 
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The forklift operator is 9 feet, 4 inches from the source when loading empty containers and 3 
feet, 6 inches from the source when loading full containers 

A total of 90 drums (1 per shift, 3 shifts per day) 

Six drums loaded by forklift operator every other day 

Five minutes per empty drum to load onto the roller conveyor 

Ten minutes to load a full drum onto a truck 

Fifteen minutes to deliver six drums to storage 

The following man-rem doses were calculated: 

1) Worker swiping cask and capping drum: 0.150 man-rem 
2) Forklift operator loading empty casks: 0.025 man-rem 
3) Forklift operator loading full casks: 0.039 man-rem 

4) Truck driver (based on two casks at the front of the truck): 0.020 man-rem 

The dose to the maximally exposed individual will be controlled through a radiation work permit, 
personal monitoring and administrative controls such as ALARA analysis to maintain exposures less than 
the requirements specified in Section 3. Section 11 identifies the shielding requirements if the furnace 
area is changed to a continuous occupancy area. 

There has been experience in the handling of drums of non-vitrified K-65 residues during past operations. 
Although these operations are not directly applicable to this current operation they are similar enough to 
be included for a comparison of the potential actual exposure to workers as a result of drum handling of 
K-65 material. The activities associated with the vitrified drum handling have similar activities except 
for the drum sealing activities prior to actual drum movement. 

The following summarizes a National Lead Company of Ohio internal correspondence concerning the K- 
65 Shipment from LOSA (Ref. 9.12). 

Truckload 1 

The following data was obtained during the unloading and handling-of a carload of LOSA K-65 on 
Thursday, September 11, 1952. The individual radiation exposures are based on the handling of one half 
carload (48 drums) by truck. 

- _. 
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Radiation Data 

mrhr - contact with drumtops: High, 460; Low, 340; Ave, 405 
mrhr - contact with drumsides: High, 480; Low, 330; Ave, 436.7 

Exuosure Data (48 drums) 

Fork Operator, unloading car (time 60 min.) 

a) Dosimeter #1 - after 16 drums: 10 mr 
32 drums: 24 mr 
48 drums: 58 mr 

Dosimeter #2 - after 16 drums: 10 mr 
32 drums: 24 mr 
48 drums: 58 mr 

b) 

Total exposure for 48 drums: 58 mr 

Fork Operator, Unloading truck (time 15 min.) 
a). 
b) 

Dosimeter #I - 5 mr 
Dosimeter #2 - 6 mr 

Radiation Reading in cab of truck, 48 drum load 

High 44.5 mr/hr; low, 41.5 mr/hr; ave., 43.0 mr/hr 

FEMP-2337 
PSAR. Rev. 0 

The following summarizes a National Lead Company of Ohio document concerning the K-65 Shipment 
from LOSA (Ref. 9.13). 

Truckload 2 

The following data was obtained during the unloading and handling of a carload of LOSA K-65 on 
Monday, September 15, 1952. The individual radiation exposures are based on the handling of one half 
carload (48 drums) by truck. 

Radiation Data 

mrhr - contact with drumtops: High, 580; Low, 450; Ave, 506.7 
mrhr - contact with drumsides: High, 470; Low, 380; Ave, 428.4 
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ExDosure Data (48 drums) 

Fork Operator, unloading car (time 60 min.) 
a) Dosimeter #1 - after 16 drums: 9 mr 

32 drums: 26 mr 
48 drums: 40 mr 

32 drums: 26 mr 
48 drums: 38 mr 

b) Dosimeter #2 - after 16 drums: 7 mr 

Total exposure for 48 drums: 58 mr 

Checker 
a) Dosimeter #1 - after 16 drums: 10 mr 

32 drums: 32 mr 

48 drums: 46 mr 
Dosimeter #2 - after 16 drums: 14 mr 

32 drums: 38 mr 
48 drums: 48 rnr 

b) 

Fork Operator, Unloading truck (time 30 min.) 
a) 
b) 

Dosimeter #1 - 10 mr 
Dosimeter #2 - 10 mr 

Radiation Reading in cab of truck, 47 mr/hr 

The comparison of the predicted dose from vitrified material to the recorded doses in handling a shipment 
of drummed K-65 residues, would indicate that the PSAR estimate is likely to be conservative. 

SamDlinP; 

The sample of material from the slurry tanks is taken behind a shield wall. The sample is drawn in an 
area with dose rate of 1.6 mrem/hr. It will take approximately 20 minutes to draw one sample and one 
sample per shift must be drawn. Two people are required'to take the sample assuming the "buddy 
system" is in place. Sampling activities result in a total exposure of 0.08 man-rem. 

Due to the short duration of the project (1 month) there is no assessment of doses due to maintenance or 
repairs. These activities are not considered to be likely during the 1 month of operations. However, if 
repairs and maintenance are required, provisions are in the design to allow the transfer of material from 

. _. 
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the process vessels to allow access to the components with the radioactive source term removed. This 
will greatly reduce any external radiation present during maintenance and repair activities. 

9.6.3.5 Occupational Chemical Exposure 

The chemicals that are in the residues will be contained in the process equipment thereby preventing 
worker exposure. Worker protection from the feed chemicals will be provided as discussed in Section 
12. 

9.7 Summary and Conclusions 

Risk is the combination of two components in an accident analysis. The first component is the frequency 
of an event occurring, expressed in events per year. The second component is the consequence of the 
event. This is expressed in 50-year lifetime CEDE (mrem) for radiological hazards, and as mg/m' of a 
substance or chemical hazards. Risk involves the relationship (sometimes as a product of the two) 
between frequency and consequence. In this analysis, both components are plotted separately on a risk 
acceptance curve to determine the acceptability of the risk. Figures 9-2 and 9-3 present a comparison of 
the radiological risks associated with Segments M, N, and 0 to the Evaluation Guidelines specified by 
proposed DOE-STD-3005-YR . 

Table 9-7 summarizes the radiological consequences for both on-site and off-site recipients. Tables 9-8 
and 9-9 show the toxicological consequences of accidents associated with Segments N and 0. There are 
no toxicological consequences identified for Segment M due to the bentonite layer emplacement. The 
only consequences from Segment M are radiological due to the radon release. 

Proposed DOE-STD-3005-YR states that off-site toxicological consequences should be compared to the 
ERPG-2 concentrations and the on-site concentrations should be compared to ERPG-3 levels. However, 
if these values have not been determined then the IDLH levels should be used or other appropriate values. 
For the purposes of this SAR, Evaluation Guidelines (EGs) were taken from the "Toxic Chemical Hazard 
Classification and Risk Acceptance Guidelines for DOE Facilities I' by Westinghouse Savannah River 
Company (WSRC) (Ref. 9.14) and the NIOSH "Pocket Guide to Chemical Hazards." The following 
rationale was used to determine the EGs shown in Tables 9-8 and 9-9: 

1) The chemicals that are included in the analysis were first compared to Table 6 of the WSRC 
report. 

2) If an ERPG-2 value was shown it was used as the EG for off-site and if an ERPG-3 value was 
shown it was used as the EG for on-site. 
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3) If no values were found in the WSRC report the NIOSH Pocket Guide was used to determine the 
IDLH for an on-site EG or 10% of the IDLH for the off-site EG 

4) If an IDLH level was not included in the NIOSH Pocket Guide, then the Time Weighted Average 
m A )  was used as the EG. It is not necessarily appropriate to compare the acute concentrations 
from an accident to the TWA, however, it is conservative and for the accident sequences 
evaluated in this SAR the chemical concentrations are below this very conservative EG. 
Therefore, it was not necessary to develop a more appropriate, i.e., higher concentration, as an 
EG for those chemicals that do not have an ERPG or IDLH. 

The risks are acceptable when compared to criteria for risk acceptance from proposed DOE-STD-3005- 
YR and WSRC-MS-92-206, Rev. 1. 
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1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 

RTS Failure 
Seg. M (Silos 1 and 2) Natural Degradation 
Seg. N (Silo 3) Natural Degradation 
Loss of Containment (Surge Bin) 
Loss of Containment (Thickener) 
Seg. M (Silos 1 and 2) Snow 
Seg. M (Silos 1 and 2) EBA Earthquake 
Seg. M (Silos 1 and 2) Tornado (Severe) 
Seg. M (Silos 1 and 2) Earthquake (Severe) 
Seg. N (Silo 3) Snow 
Seg. N (Silo 3) EBA Earthquake 
Seg. N (Silo 3) Tornado (Severe) 
Seg. 0 (Pilot Plant) Earthquake 
Seg. 0 (Pilot Plant) Off-Gas System Failure 

Figure 9-2 - Risk Acceptance Curve for Off-Site Consequences 
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1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 

RTS Failure 
Seg. M (Silos 1 and 2) Natural Degradation 
Seg. N (Silo 3) Natural Degradation 
Loss of Containment (Surge Bin) 
Loss of Containment mickener) 
Seg. M (Silos 1 and 2) Snow 
Seg. M (Silos 1 and 2) EBA Earthquake 
Seg. M (Silos 1 and 2) Tornado (Severe) 
Seg. M (Silos 1 and 2) Earthquake (Severe) 
Seg. N (Silo 3) Snow 
Seg. N (Silo 3) EBA Earthquake 
Seg. N (Silo 3) Tornado (Severe) 
Seg. 0 (Pilot Plant) Earthquake 
Seg. 0 (Pilot Plant) Off-Gas System Failure 
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Figure 9-3 - Risk Acceptance Curve for On-Site Consequences 
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Accident F‘requency / y r 

Table 9-7 Radiological Accident Consequences 

~~~ 

Silos 1 and 2 - RTS Failure 

Silo 1 and 2 - Natural Degradation 

Silo 3 - Natural Degradation 

Pilot Plant - Loss of Containment (Surge bin) 

Pilot Plant - Loss of Containment (Thickener) 

2.3E-04 

3.98-02 

5.OE-05 

2.3E-04 

2.3E-04 
~ ~~ 

Silo 1 and 2 - Snow 

Silo 1 and 2 - EBA Earthquake 

Silo 1 and 2 - Tornado (Severe) 

~ ~ ~~ 

2.0E-02 

8.0E-04 

6.6E-04 
~ 

Silo 1 and 2 - Earthquake (Severe) 

Silo 3 - Snow 

IlSilo 3 - EBA Earthquake 1 8.0E-04 

~ ~ 

8.0E-04 

5.7E-03 

~ ~ 

Silo 3 - Tornado (Severe) 

Pilot Plant - Earthquake 

~~~ 

6.6E-04 

8.0E-04 

Radiological Dose (mrem) 

On-site Off-site 

Pilot Plant - Off-gas System Failure 

1 .OE+02 

2.3E-04 

9.6E+01 7.4E+00 

8.4E+02 1.OE+02 

1 .OE+02 8.4E+02 

1.8E-2 4.OE-1 

I .OE+02 

5.8E-1 

l . lE+03 I 8.1E+OI 
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Table 9-8 Toxicological Consequences of Silo 3 (Segment “N”) Accidents (mg/m’) 

EBA Tornado 
Earthquake (Severe) Evaluatior Snow 

Chemical Receptor Guideline5 
Degradation 

Location Frequency/ y r 
(mg/m’) 

5E-05 [ 5.71E-03 I 8E-04 [ 6.6E-04 

WSRC 
IDLH 

0.1 IDLH 

IDLH 
0.1 IDLH 

WSRC 

WSRC 
~ 

IDLH 
0.1 IDLH 

TWA 
TWA 
TWA 

TWA 

IDLH 

0. I -1DLH 

TWA Magnesium On-site 2.9 2.9 2.9 I .4E-2 10 

Off-site 0.35 0.35 0.35 6.2E-4 10 
Nickel On-site 0.18 0.18 0.18 8.4E-4 I 

Off-site 2.2E-2 2.2E-2 2.2E-2 3.8E-5 1 

TWA 
TWA 

TWA 

IDLH Vanadium On-site 0.15 0.15 0.15 6.8E-4 70 
off-site 1.8E-2 1.8E-2 1.8E-2 3 .  E-5 7 0.1 IDLH 

WSRC-Table 6 of Toxic Chemical Hazard Classification and Risk Acceptance Guidelines for Use in 
DOE Facilities. WSRC-MS-92-206, Rev. 1 
IDLH-Immediately Dangerous to Life and Health from “NIOSH Pocket Guide to Chemical 
Hazards 
TWA-Time Weighted Average from “NIOSH Pocket Guide to Chemical Hazards” 
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Table 9-9 Toxicological Consequences of Pilot Plant (Segment “On) Accidents (mg/m’) 

WSRC-Table 6 of Toxic Chemical Hazard Classification and Risk Acceptance Guidelines for Use 
in DOE Facilities. WSRC-MS-92-206, Rev. 1 
IDLH-Immediately Dangerous to Life and Health from “NIOSH Pocket Guide to Chemical 
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SECTION 10 

INADVERTENT CRITICALITY PROTECTION 

The contents of the silos are residues from processing uranium ores and ore concentrates. These ores 
and concentrates are natural uranium 0.71 1 percent fissile material (U-235). The uranium concentration 
(0.9 Ibs/fV for K-65, 0.16 Ib/fV for Silo 3) is below the concentration of uranium (approximately 158 
Ib/ft?) in ore. The silo concentration of uranium is less than that required to achieve criticality since it 
is below the safe density and concentration limits for all Group IV (homogeneous uranium solutions) 
enrichments (Ref. 10.1). 

The uranium concentration in the K-65 Silo material goes through various changes during the vitrification 
process. Water is added (20 weight percent solids) during slurry transport and removed to 50 weight 
percent solids in the thickener. Additives are added in the slurry feed tanks and the material is slurried 
(80 weight percent solids) to the furnace. The furnace essentially removes all the water. The addition 
of water increases the volume, thereby, reducing the uranium cohcentration below 0.9 Ib/ft?. The 
vitrified glass has a density of 2.6 g/cmJ. Considering the original density of K-65 material to be 2.2 
g/cmJ, the final uranium concentration in the melter and in the glass would be 1.06 Ib/V (0.9 x 2.61 2.2). 
The concentration of uranium in all steps of the vitrification process is below the safe concentration limits 
for all Group IV enrichments. 

10.1 References 

10.1) Fernald Environmental Restoration Management Corporation, 1993. FEMP Nuclear Cnticuliry 
Safeq Guide. FEMP-2304. 
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SECTION 11 

RADIATION PROTECTION 

This section addresses the project-specific requirements delineated in Attachment 1 ,  Item 9 of DOE Order 
5480.23, "Nuclear Safety Analysis Reports" (Ref. 1 1 . 1 ) .  Section 1 1  of the SSARR (Ref. 11.2) 
addresses site-specific requirements. All subsections of Section 1 1  of the SSARR apply to the OU-4 Pilot 
Plant Program except those concerned with nuclear criticality control. 

11.1 Requirements 

The FERMCO Management Plan: Policies arrd Requirements Manual includes the Standards/ 
Requirements Identification Document (S/RID) for radiological protection. This S/RID identifies the 
occupational radiological protection requirements for the FEMP per the FERMCO contract with the DOE; 
applicable Federal, state, and local laws; DOE Orders; and DOE guidance documents. The principal 
requirements are identified in the DOE Radiological Control Manual which provides the basis for the 
FEMP radiological protection program and DOE Order 5480.1 1 ,  "Radiation Protection for Occupational 
Workers. * The FERMCO Comprehensive Environmental Occupanonal Safety and Health Program 
(CEOSHP) Manual describes the radiological protection program at the FEMP and includes the site 
Radiological Control Manual as Section 3. 

11.2 Policy and Program 

ALARA and radiological protection considerations are incorporated into the Vitrification Pilot Plant 
design, RTS upgrade, and existing facilities at OU-4. Table 8-3 of this document lists the sources of 
external and internal exposure in OU-4. The hazards associated with the radiological sources are 
identified in Tables 8-6, 8-8, and 8-1 1. The accident sequences and their associated consequences can 
be found in Section 9 of this document. Section 6 of this document describes the engineered features 
used to control internal and external doses. Section 6 of this document, "Facility Description and 
Operation," describes the engineered features used to control internal and external dose. The radiation 
protection features are summarized in Table 11-1. Permanent shielding requirements are identified in 
Table 11-2. The need for temporary shielding is based on personnel access requirements and the 
radiation source. 

11.3 References 

1 1 . 1 )  United States Department of Energy, April 1992. DOE Order 5480.23, "Nuclear Safety 
Analysis Reports. 'I 

. . -  
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Feature 

Automatic Material 
Handling 

Radon Treatment Systems 

Shielding 

Secondary (to process) 
Containments 

Admin. Controls: 
Radiation Work Permits* 
Bag In/Bag Out Procedure 
Radiation Surveys 
Decontamination 
Monitoring 
Project-Specific Health , 

and Safety Plan 

Table 11-1 - Radiation Protection Features 

Location 

Silo Material Removal and Transfer 
All Vitrification Subsystems 
Product Forming 

Silos 
Vitrification Storage and Transfer Tanks 
Vitrification Furnace 
Product Forming 

See Table 11-2 

Double-Walled Slurry Transfer Piping 
Pre-Fabricated Vitrification Building 
Containment Dikes for Storage Tanks** 

Silos 
Vitrification Subsystems 
Product Forming 
Product Handling 

Result 

Minimize Exposure Time 
Maximize Source 
Distance 

Minimize Exposure 
Levels 
Control Contamination 

Minimize Exposure 
Levels 

Control Contamination 

Minimize Exposure Time 
Maximize Source 
Distance 
Maximize Shielding 
Control Contamination 

* Protective clothing and respirator requirements are identified in Radiation Work Permits. 
** The dikes are sized to hold 100 percent of the largest tank. In addition, tanks external to 

the process building will hold 100 percent of the largest tank plus precipitation resulting 
from the =-year, 24-hour storm event. 

. .  
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ComponentLocation 

Off-Gas Carbon Beds 

Thickener 

Table 11-2 - Shielding Requirements 

TY Pe 
Concrete 

Concrete 

Slurry Tanks 
~ ~ ~~ 

Concrete 

Furnace Area Concrete 

Spare Storage Tank Temporary 

Silo 3 Surge Bin 

Recycle Tank None 

Notes: 

Amount 

12" - North wall 
12" - west wall 
12" - south wall 
12" - E s t  wall 

12" - North wall 
12" - West wall (with the 
exception of the southern part 
of the west wall to be 18") 
12" - south wall 
12" - E s t  wall 

18" - North wall 
18" - West wall 
18" - South wall 
18" - East wall 

None - North wall 
18" - West wall 
None - South wall 
12" - E a t  wall 

As required by calculations 

1) Tanks are shielded to at least the height of the top of the tank. Shielding around the 
thickener is high enough to protect workers from direct radiation from surrounding 
sources. 
Figure 11-1 identifies radiation occupancy zones. 2) 

11-4 1/12/1995 
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SECTION 12 

HAZARDOUS MATERIAL PROTECTION 

This section addresses the project-specific requirements delineated in Attachment 1 ,  Item 10 of DOE 
Order 5480.23, "Nuclear Safety Analysis Reports" (Ref. 12.1). Section 12 of the SSARR 
(Ref. 12.2) addresses site-specific requirements. All subsections of Section 12 of the SSARR apply 
to the OU-4 Pilot Plant Program. The ARARs in the project DCP have identified the hazardous materials 
of the silos to be RCRA-like. The hazardous material protection program identified below is adequate 
for RCRA-like materials. 

12.1 Requirements 

The FERMCO Management Plan: Policies and Requirements Manual includes the S/RID for 
Occupational Safety and Health. This S/RID identifies the protection requirements for the FEMP per the 
FERMCO contract with the DOE; Federal, State, and local laws; DOE Orders; and DOE guidance 
documents. The Comprehensive Environmental Occupational S a f q  and Health Program (CEOSH P) 
provides the basis for FERMCO's hazardous material protection program. 

The criteria for hazardous material protection are specified in 29 Code of Federal Regulations (CFR) 
1910.120 and 29 CFR 1910.1200. DOE Order 3790.1B, "Federal Employee Occupational Safety and 
Health Program," mandates that facilities comply with criteria for protection from standard industrial 
hazards as specified in 29 CFR 1910 and 29 CFR 1926. Compliance with these requirements is 
addressed in the FERMCO CEOSHP Manual. The glossary of the SSARR defines standard industrial 
hazards. 

12.2 Chemical A U R A  Policy and Program 

Chemical ALARA and hazardous material protection considerations are incorporated into the OU-4 Pilot 
Plant Program. The chemical contents of the silos are shown in Tables 8-2 and 8-3 of this document. 
The hazards associated with the chemical sources are identified in Tables 8-6, 8-8, and 8-11 of this 
document. The accident sequences and their associated consequences can be found in Section 9 of this 
document. Section 6 of this document describes the engineered features used to control internal and 
external dosages. The hazardous material protection features are summarized in Table 12-1. 
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~ ~~ 

Location 

Silo Material Removal and Transfer 
All Vitrification Subsystems 

Table 12-1 - Hazardous Material Protection Features 

~ ~~ ~~ 

Result 

Minimize Exposure Time 

Feature 

Automatic Material 
Handling 

Secondary (to process) 
Containments 

Admin. Controls: 
Hazardous Material 

Work Permits 
Bag IdBag Out 

Procedure 
Decontamination 
Project-Specific Health 

and Safety Plan 

Product Forming 
Double-Walled Slurry Transfer Piping 
Pre-Fabricated Vitrification Building 
Containment Dikes for Storage Tanks** 

Silos 
Vitrification Subsystems 
Product Forming 
Product Handling 

Control Contamination 

Minimize Exposure Time 
Control Contamination 

* Protective clothing and respirator requirements are identified in Hazardous Material Work 
Permits. 
Tanks are shielded to at least the height of the top of the tank. Shielding around the 
thickener is high enough to protect workers from direct radiation from surrounding 
sources. 

** 

12.3 References 

12.1) United States Department of Energy, April 1992. DOE Order 5480.23, "Nuclear Safety 
Analysis Reports. " 

12.2) FERMCO, March 1994. Site Safety Analysis Reference Report, Rev. 1. FEMP-2319. 
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SECTIO'N 1 3  

RADIOACTIVE AND HAZARDOUS MATERIAL WASTE MANAGEMENT 

This section addresses the Pilot Plant Program requirements of Attachment 1, Item 7, of DOE Order 
5480.23, "Nuclear Safety Analysis Reports" (Ref. 13.1). 

13.1 Requirements 

The FERMCO Management Plan: Policies and Requirements Manual includes the S/RIDs for Packaging 
and Transportation and for Environmental Restoration and Waste Management. The Packaging and 
Transportacon S/RID (No. 12) identifies the packaging and the administration and monitoring 
requirements of on-site/off-site transportation of hazardous and radioactive materials and waste for the 
FEMP per the FERMCO contract with the DOE; applicable Federal, State, and local laws; DOE Orders; 
and DOE guidance documents. The Environmental Restoration and Waste Management S/RID (No. 17) 
identifies the requirements for the elements and programmatic controls necessary to manage hazardous. 
radioactive, and solid waste compliance at the FEMP. 

13.2 Waste Forms and Quantities 

The following three major waste forms will be generated as the result of the Pilot Plant Program: 

1) 
2) 
3) 

Vitrified waste (approximately 30 metric tons) 
Gaseous and particulate effluent (Drawing No. 94X-5900-F-00280) 
Liquid effluent (Drawing No. 94X-5900-F-00280) 

The drawings identified above identify the waste quantities expected during operations. The hazards 
associated with the major waste forms generated as a result of the Pilot Plant Program are discussed in 
Section 8 of this PSAR. Section 6 identifies the project-specific engineered features used to manage the 
wastes from the Pilot Plant Program. Section 13 of the SSARR (Ref. 13.2) addresses the sitewide 
common and generic systems, operation of waste management, and routinely used protective equipment. 
Sections 11 and 12 of this PSAR discuss the radiation and chemical hazard protective measures for the 
Pilot Plant Program. Section 18 of this PSAR identifies specific training requirements for waste 
management. Section 19 of this PSAR'addresses inspection and maintenance requirements for waste. 

13.2.1 Vitrified Waste 

All vitrified waste will be stored on site until final disposition is made. The leading final remedial 
alternative for OU-4 waste is currently off-site burial. The vitrified waste will be sampled to ensure 

. - - 
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compliance with the waste acceptance criteria of the DOE'S Nevada Test Site (NTS). Waste not in 
compliance will be stored appropriately or reprocessed.. 

13.2.2 Gaseous and Particulate Effluent 

The air discharge consists of a source from the Vitrification Pilot Plant Off-Gas Treatment System 
(Drawing No. 94X-5900-F-00280). This point source is primarily regulated under the Federal Clean Air 
Act and the State of Ohio Air Pollution Control Act. The Federal Clean Air Act was amended in 1990 
and requires the US EPA to develop and propose new toxic air'pollution standards in addition to those 
regulated under the National Emission Standards for Hazardous Air Pollutants (NESHAP). The flow and 
contents of exhaust air are discussed in Section 9, "Analysis of Normal and Abnormal Operations and 

- Accidents" of this PSAR. 

13.2.3 Liauid Effluent 

The liquid effluent of this facility is discharged to the High Nitrate Tank via the building sump (Drawing 
No. 94X-5900-F-00280). The Advanced Wastewater Treatment (AWWT) System, which will treat water 
from the High Nitrate Tank forms a part of the overall site discharge and is therefore not addressed in 
this PSAR. Figure 6-6 of the SSARR illustrates the current configuration of the site liquid effluent 
handling system. The AWWT is expected to be operational prior the Pilot Plant operations. The amount 
and characteristics of the project liquid discharge are discussed in Section 9, "Analysis of Normal and 
Abnormal Operations and Accidents." 

13.3 Waste Management Process 

The philosophy, objectives, and associated controls for waste management at the FEMP are addressed 
in Section 13 of the SSARR. Section 17 of this PSAR identifies the CRU-4 management responsibilities 
and interfaces with the site waste management program. 

13.4  References 

13.1) United States Department of Energy, April 1992. DOE Order 5480.23, "Nuclear Safety 
Analysis Reports. 'I 

13.2) FERMCO, March 1994. Site Safety Analysis Reference Report, Rev. 1. FEMP-2319. 
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SECTION 14 

QUALITY ASSURANCE 

This section addresses the Pilot Plant Program-specific information that is required by Attachment 1. Item 
18, of DOE Order 5480.23, "Nuclear Safety Analysis Reports" (Ref. 14.1). Section 14 of the 
SSARR (Ref. 14.2) addresses sitewide quality assurance (QA) requirements. In addition, Section 
14 of the SSARR identifies those sections of the SSARR which address specific measures to ensure 
quality at the FEMP. 

14.1 Requirements 

The FERMCO Management Plan: Policies and Requirements Manual includes the S/RIDs for QA. This 
S/RID (No. 13) identifies the requirements for identifying the integral elements of the QA Program and 
ensuring corrective action and tracking of noncompliance for the FEMP per the FERMCO contract with 
the DOE; applicable Federal, State, and local laws; DOE Orders; and DOE guidance documents. 

The basic requirements of RM-0012, the QA Program Description (Ref. 14.3) apply to all activities 
and phases of this project. The program provides for comptiance to DOE Orders 5700.6C (Ref. 14.4) 
and 5480.23, and establishes a graded approach to quality assurance based on importance to safety, 
reliability, and quality requirements. 

14.2 Assessment 

The Risk Assessment Report (see Appendix c) prepared for this project has identified 86 possible event 
sequences (Quality Level 1, 2, 3) associated with the OU-4 Pilot Plant Program. Two event sequences 
involving heat-related events are considered Quality Level 1. Sixty event sequences involving waste 
removal, transport, and vitrification operations are considered Quality Level 2. Twenty-four event 
sequences involving internal/external exposure, natural phenomena, industrial-type accidents, and 
excessive cold are considered Quality Level 3. 

The Risk Assessment Report states that, with proper mitigation, all quality levels are reduced to Quality 
Level 3 or 4. The Risk Management Plan (Ref. 14.5) describes the general and job-specifE controls, 
mitigators, training, and requirements necessary to reduce all event sequences to a Quality Level of 3 or 
4. 

* 

FERMCO QA and RSO/QC procedures will be used to perform and document assessment and verification 
activities applied to the OU-4 Pilot Plant Program. Special quality elements applied to the OU-4 Pilot . . _  
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Plant Program provide for the identification and control of safety design features (if any), the control of 
operational processes, and the documentation required for controls. 

14.3 Procedure 

Training will be developed to outline requirements for special operational procedures developed for the 
OU-4 Pilot Plant Program. Documented evidence of personnel who must attend this training will be 
provided and will be used as an administrative control for personnel entry into the work area. All 
personnel requiring entry into the operation area will be trained. 

Site QA and Project Procedures, as applicable, will be used to provide surveillance, inspection, testing, 
Measuring and Test Equipment (M&TE) control, corrective action reports, document control, 
construction component testing, start-up and operability testing, and waste verification required for this 
project. Other procedures may be developed as necessary for future requirements. 

14.4 References 

14.1) United States Department of Energy, April 1992. DOE Order 5480.23, "Nuclear Safety 
Analysis .Reports. " 

14.2) FERMCO, March 1994. Site Safety Analysis Reference Repon, Rev. 1. FEMP-2319. 

14.3) 

14.4) 

14.5) 

FERMCO, April 1993. "Quality Assurance Program Description", RM-0012. 

US DOE, August 1991. DOE Order 5700.6(3, Quality Assurance. 

FERMCO, December 1993. Risk Management Plan for Operable Unit 4 Vitrification Project. 

ERAFS I\VOLl :RSAPPSWDATA\ 
OU-4\PO-85\PSAR-O\QA.S 14 

o'oozo7 
14-2 11 lU 1995 



0 8 9  

FEMP-2337 
PSAR. Rev. 0 

SECTION 15 

CONDUCT OF OPERATIONS 

This section addresses the Pilot Plant Program-specific conduct of operations requirements of Attachment 
1, Item 17, of DOE Order 5480.23, "Nuclear Safety Analysis Reports" (Ref. 15.1). Section 15 of 
the SSARR (Ref. 15.2) addresses the common and generic aspects of the conduct of operations for 
the site. 

15.1 Policies and Procedures 

Company policy documents and f achy  implementation procedures will be developed and implemented, 
as appropriate, to the Pilot Plant Program. Compliance with these requirements is provided in Table 15- 
1, "Conduct of Operations Guidelines" of the SSARR (Ref. 15.2). Project-specific aspects of conduct 
of operations are summarized in Table 15-1. 

15.2 References 

15.1) United States Department of Energy, April 1992. DOE Order 5480.23, "Nuclear Safety 
Analysis Reports. " 

15.2) FERMCO, March 1994. Site Safety Analysis Reference Repon, Rev. I .  FEMP-23 19. 
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~ ~ ~ 

12.2 

17.1 

18.1 

Table 15- 1 - Project-Specific Operations 

~~ ~~ ~ 

Hazardous Material Administrative Controls 

Contractor Organization 

Procedures and Training 

Subsection 

6.3.1 

~~~ ~ ~ ~ 

19.3 

19.4 

ProjectSpecific Operation 

Decant Sump Tank Level Check 

Surveillance Testing 

Maintenance 

Pneumatic Waste Removal System 

6.4 
- - 

6.5 

11.2 

Vitrification Pilot Plant 

Radon Treatment System 

Vitrification Support Systems 
~~ ~ 

Safety-Significant SSCs 

Radiation Shielding 
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SECTION 16 

EMERGENCY PREPAREDNESS 

This section addresses the Pilot Plant emergency preparedness requirements of Attachment 1 ,  Item 19, 
of DOE Order 5480.23, "Nuclear Safety Analysis Reports" (Ref. 16.1). Section 16 of the SSARR 
(Ref. 16.2) addresses the sitewide emergency preparedness requirements. 

16.1 Requirements 

The FERMCO Management Plan: Policies and Requirements Manual includes the S/RIDs for 
Emergency Preparedness and Management. This S/RID (No. 3) identifies the requirements for 
emergency preparedness planning and hazards identification; emergency response; and emergency 
reporting for the FEMP per the FERMCO contract with the DOE; applicable Federal, State, and local 
laws; DOE Orders; and DOE guidance documents. 

16.2 Objectives 

The FEMP maintains the necessary emergency plans and procedures to adequately define the emergency 
management program, provide guidance for all emergency responders (including employees), ensure 
adequate performance for critical systems, and to meet regulatory requirements. Subsection 16.1 of the 
SSARR addresses the site objectives for emergency preparedness. 

The hazards associated with the Pilot Plant program are identified in Section 8 of this document. Section 
9 of this document identifies the accident sequences and their consequences. Section 6 of this document 
discusses safety significant systems in place to protect workers during pilot plant operation. Sections I 1  
and 12 discuss the radiological and hazardous material protection programs in place to protect workers. 

16.3 Functional Responsibilities 

16.3.1 Sitewide Oraanizations 

Subsection 16.2.1 of the SSARR summarizes the responsibilities of. key on-site emergency management 
personnel. 

16.3.2 Off-Site Oraanizations 

Subsection 16.2.2 of the SSARR summarizes the responsibilities of key off-site emergency organizations. - - 
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16.3.3 C R U 4  Pilot Plant Proaram 

16.3.3.1 Event Reporting 

In the event of an emergency, an individual at OU-4 would report it by: 

1) Calling 651 1 
2) 
3) 
4) Notifying the AEDO 

Using the radio, call "control" 
Using the manual fire alarm pull boxes 

16.3.3.2 Event Responses 

All employees are trained annually in General Employee Training (GET). GET identifies the proper 
response to various warnings and alarms. Table 16-1 of the SSARR identifies the alarms and responses. 

16.3.3.3 Personnel Accountability 

There are two ways to account for all personnel on site: 

1) In-place accountability where all personnel report to supervisors and managers without 
The supervisors/managers then report their accountability information through evacuating. 

departmental channels and, ultimately, to the Accountability Center. 

2) Rally point accountability, which includes personnel evacuation to a designated rally point. 
Personnel accountability information is gathered there and reponed to the Accountability Center. 
The Accountability Center is able to determine who is missing or unaccounted for. 

16.4 Event Assessment 

Subsection 16.3 of the SSARR discusses the initial assessment of an event's impact at the FEMP. 

16.5 Event Categorization 

Subsection 16.4 of the SSARR discusses event categories and their responses. The responses to accidents 
are based on their consequences and are governed by their observed consequences, not their potential as 
defined by analysis. Emergency response is based on the release estimate, not the accident type. Effluent 
monitoring is a prime means of evaluating the accident release to the environment, radiation monitors 
(e.g., dosimeters) are used in evaluating the exposure for radiation workers. 
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Section 2 of PL-3020, the FEMP Emergency Plan (Ref. 16.3) states'that the collapse of the K-65 Silo 
dome by a tornado is an event with an "Alert" Emergency Action Level. 

16.6 Event Notification 

Subsection 16.5 of the SSARR discusses initial notification requirements to the DOE. 

16.7 Facilities and Equipment 

Subsection 16.6 of the SSARR discusses the facilities and equipment available at the FEMP. 
- 

16.8 Training 

Subsection 16.7 of the SSARR discusses emergency training at the FEMP. 

16.9 Recovery 

Subsection 16.8 of the SSARR discusses event termination and recovery at the FEMP. System restart 
and contamination cleanup are identified in Section 18 of this PSAR. 

16.10 References 

16.1) United States Department of Energy, April 1992. DOE Order 5480.23, "Nuclear Safety 
Analysis Reports. " 

16.2) FERMCO, March 1994. Site Safety Analysis Reference Report, Rev. 1. FEMP-23 19. 

16.3) FERMCO, March 22, 1993. FEMP Emergency Plan. PL-3020. 
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SECTION 17 

MANAGEMENT, ORGANIZATION, AND THE INSTITUTIONAL SAFETY 
PROVISIONS 

Each of the following subsections summarizes information for the FEMP as required by Attachment I ,  
Item 12, of DOE Order 5480.23, "Nuclear Safety Analysis Reports" (Ref. 17.1). 

Operation of the FEMP is the responsibility of FERMCO, who is the prime contractor. Facility design, 
construction, and startup of the pilot plant are the ultimate responsibility of the CRU-4 Manager. The 
following subsections describe the organizational structures that implement site procedures to ensure the 
safety of facility personnel, protection of the environment, and compliance with applicable health, safety, 
and environmental statutes, regulations, orders, and standards. 

Section 17 of the SSARR (Ref. 17.2) addresses common and .generic aspects of management, 
organization, and institutional safety common throughout the FEMP. The following subsections discuss 
the aspects of these topics unique to this project. 

17.1 Contractor Organization 

The organization and management on a sitewide basis for the FEMP is provided in the SSARR. Figure 
17-1 of this PSAR shows the management organization for CRU-4. 

The functional structure and matrix of specific site organizations is presented in Section 17 of the SSARR. 
The site organization matrix implemented under the CRU-4 management includes the environmental, 
safety, and health; radiation protection; training; regulatory programs maintenance; and startup. The QA 

program provides oversight independent of CRU-4. 

. 

CRU-4 is responsible for CRU4specific design and construction, but the tasks are carried out by 
incorporating personnel matrixed from site Engineering, Regulatory, Training, Environmental Health and 
Safety, and Construction organizations. The CRU directly manages the Remedial Design Subcontractor, 
PARSONS. Generally, operation and maintenance is carried out by the site Remedial Support Operation 
which reports to the president, but is directed by the respective CRUS. 

An independent global oversight of the CRU activities is maintained by Quality Assurance. 
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Desian. Construction, and Ooeration at Existina Facilities 

The engineering for the silos was completed by Preload Enterprises, Inc. in 1951 and 1952 and the 
engineering for all support systems was completed by Catalytic Construction Co. under contract to the 
Atomic Energy Commission (AEC) (reorganized into the United States Department of Energy). The 
construction contractor was Catalytic Construction Co. under contract to the AEC. National Lead of 
Ohio (NLO) was the operating contractor to the AEC at the time of construction. 

The operations and maintenance functions for the facility are both under the functional responsibility of 
the Site Services Department with the CRU-4 Manager as the facility owner. The CRU-4 Manager has 
the ultimate responsibility for facility operations, maintenance, and safety. - 

17.1.2 Construction, Ooeration. and Maintenance of Future Facilities 

The Contractor Organization, as presented, will manage the construction, operation, and maintenance of 
future facilities. 

17.2 Institutional Safety 

Section 17 of the SSARR addresses the sitewide aspects of institutional safety. 

The sitewide institutional safety programs are implemented by the CRU-4 organization. The safety 
programs implemented are: 

1) Safety culture programs 
2) 
3) Procedural- and document controls 
4) 

5) 
6) Configuration and document control 

Independent safety review and appraisal 

Monthly safety and housekeeping inspection 
Fire protection and emergency response team 

17.3 Occurrence Evaluation 

Section 17 of the SSARR addresses the sitewide aspects of occurrence evaluation. For CRU-4, unusual 
events at the FEMP are documented by FERMCO. The events are analyzed and documented by the 
following sitewide guidance for: 

1) Preparing occurrence reports 
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2) 
3) 
4) 

Selecting and analyzing information by deficiency trend analysis 
Performing a root cause analysis 
Providing corrective actions and feedback for the occurrences 

17.4 Staffing, Training, and Qualifications 

Section 17 of the SSARR addresses sitewide aspects of staffing, training, and qualifications. The CRU-4 
management will implement staffing, training, and qualifications as discussed in the SSARR. 

The areas for implementation will include: 

1) Shift training 
2) Personnel allocation 
3) 
4) Fitness for duty qualifications 
5) Performance evaluation 
6)  Limitation for overtime worked 
7) Project-specific staffmg requirements 

General FEMP training and qualification 

17.5 References 

17.1) 

17.2) FERMCO, March 1994. Site Safety Analysis Reference Report, Rev. I. FEMP-23 19. 

United States Department of Energy. DOE Order 5480.23, "Nuclear Safety Analysis Reports." 
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SECTION 18 

PROCEDURES AND TRAINING 

This section of the PSAR is intended to provide a description of two administrative programs that provide 
safe6 through successful implementation. Section 18 of the SSARR contains a standard description of 
the procedures and training programs as they apply to all FEMP facilities. The following subsections 
describe the CRU4specific procedures that will be developed and the training that will be performed 
before operations begin. The project-specific procedures and training courses identified in Tables 18- 1 
and 18-2 do not currently exist. They will be developed as part of the design process and completed 
prior to startup. The FSAR will summarize the completed procedures and describe the details of the 
program-specific training. 

18.1 Requirements 

The FERMCO Management Plan: Policies and Requirements Manual includes the Standards/ 
Requirements Identification Documents (S/RIDs) for Training and Qualifications. This S/RID (No. 16) 
identifies the requirements for training and qualifying personnel and developing accreditable programs 
for the FEMP per the FERMCO contract with the DOE; applicable Federal, State, and local laws; DOE 
Orders; and DOE guidance documents. 

18.2 Procedures 

Section 18.1 of the SSARR (Ref. 18.1) describes the FEMP program for the development of 
operating procedures in the following areas: 

1) Responsibilities 
2) Procedure development 
3) Procedure content 
4) Procedure changes and revisions 
5) Procedure approval 
6) Periodic review 
7 )  Procedure use and availability 

Table 18-1 identifies the activities that will be conducted and the basic tenets of the procedures that must 
be developed to ensure a safely operated facility. This table only represents the basic operations which 
must be made into procedures. They may be packaged into one procedure or divided into as many as 
is most appropriate. The FSAR will provide a more detailed discussion of the actual procedures. 

_. 
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Table 18-1 - Activities and Basic Procedural Tenets 

Activity 

Building HVAC 

Work on top of Silos 1, 2, 3, and 4 

~~ ~~ 

Caustic Soda/Flocculent/Additive handling/ 
Desiccant Handling 

Silo 3 Waste Removal 

~ ~~ 

Silo 3 Surge Bin Transport 

~ ~~ 

Hydraulic Waste Removal 

Basic Tenets 

1. Required number of HEPA units for operation 
2. Operating procedures 
3. Actions to correct deficiencies 

1. 
2. 
3. 

4. 
5.  

1. 
2. 

~ ~~ 

Industrial safety issues 
Radiological safety requirements 
Maximum silo loading (Personnel or 
equipment) 
Hazardous material safety requirements 
Decontamination requirements 

Industrial safety issues 
Hazardous material safety requirements 

~ 

1. Operating procedures 
2. Actions to correct deficiencies 
3. Sampling requirements 
4. Industrial safety issues 
5. Hazardous material safety requirements 
6. Radiological safety requirements 

1. Industrial safety issues 
2. Radiological safety requirements 
3. Hazardous material safety requirements 
4. Material transport issues 

1. Operating procedures 
2. Actions to correct deficiencies 
3. Sampling requirements 
4. Radiological safety requirements 
5. Hazardous material safety requirements 
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Table 18-1 - Activities and Basic Procedural Tenets (Continued) 

Activity 

Thickener 

Feed Preparation 

Furnace 

Basic Tenets 

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

Rake operating procedure 
Flocculent addition requirements 
Modes of operation 
Recycle water additives 
Actions to C O K ~  deficiencies 
Sampling requirements 
Industrial safety issues 
Hazardous material safety requirements 
Radiological safety requirements 

1. Thickener material to slurry tank transport 
procedure 

2. Silo 3 material to slurry tank transport 
procedure 

3. Slurry tank additive procedure 
4. Slurry tank agitator operations 
5. Actions to correct deficiencies 
6. Sampling requirements 
7.  Radiological safety requirements . 

8. Hazardous material safety requirements 

1. Normal furnace operation 
2. Heavy metal removal 
3. Normal shutdown 
4. Response to an accumulation of floating 

material 
5. Emergency shutdown 
6. Draining and restart 
7. Actions to correct deficiencies 
8. Sampling requirements 
9. Industrial safety issues 
10. Radiological safety requirements 
1 1. Hazardous material safety requirements 
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Table 18-1 - Activities and Basic Procedural Tenets (Continued) 

Activity 

Product Forming Machine 

Product Handling System 

~~ ~~ ~ 

Process/Recycle Water 

Radon Treatment 

Basic Tenets 

1. Normal operations 
2. Draining 
3. Normal shutdown 
4. Emergency shutdown 
5. Actions to correct deficiencies 
6. Sampling requirements 
7. Industrial safety issues 
8. Radiological safety requirements 
9. Hazardous material safety requirements 

1. Storage issues 
2. Industrial safety issues 
3. Radiological safety requirements 
4. Hazardous material safety requirements 
5. Material transport issues 

1. Process make-up requirements 
2. Recycle water modes of operation 
3. Filterhackflush requirements 
4. Wastewater discharge issues 
5. Actions to correct deficiencies 
6. Sampling requirements 
7. Radiological safety issues 

1. RTS operating procedures 
2. Silo 4 equipment enclosure 
3. Actions to correct deficiencies 
4. Radiological safety issues 
5 .  Sampling requirements 

- 
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Table 18-1 - Activities and Basic Procedural Tenets (Continued) 

Activity 

Off-Gas Treatment 

Instrument Air Operation 

HEPA Filters Testing 

Instrument Calibration 

FiltedReceiver Testing 

Carbon Bed Vessel Testing 

Shielding 

Construction I/ 

~~ 

Basic Tenets 

1. 
2. 
3. 
4. 

5. 
, 6 .  
7. 
8. 
9. 

~~~ ~~~~ 

Off-gas operating procedures 
Caustic soda additive requirements 
Desiccant replacement 
Actions to correct deficiencies 
Carbon bed vessel regeneration 
Sampling requirements 
Monitoring Requirements 
Radiological safety requirements 
Hazardous material safety requirements 

1. Accumulation capacity 
2. Filter lubrication requirements 
3. Desiccant regeneration 
4. Actions to correct deficiencies 

1 .  DiOctyl-Phthalate testing of filters 
2. Radiological safety requirements 
3. Hazardous material safety requirements 

1. Operating range 
2. Alarm setpoints 
3. Calibration frequency 
4. Actions to correct deficiencies 

1. DiOctyl-Phthalate testing of filters 
2. Radiological safety requirements 
3. Hazardous material safety requirements 

1. Percent radon adsorbed 
2. Loading capacity 
3. Monitoring requirements 

1. Temporary shield requirements 
2. Radiological safety requirements 

1. Industrial safety issues 
2. ALARA principles 
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Activity 

Spill (slurry, molten glass, gems, water, 
flocculant, additive, desiccant) Cleanup 

Maintenance 

Maintenance Worker Protection 

Conduct of Operations 

Secondary Containment 

Decommissioning 

Refer to Table 19-1 of this PSAR for a list of systems/structures subject to maintenance. 
~ 

Basic Tenets 

I. Evacuation until monitoring permits re-entry 
2. Use of HEPA-filtered vacuum cleaners 
3. Radiological safety requirements 
4. Hazardous material safety requirements 

~~ 

1. Spare parts requirements 
2. Scheduled maintenance requirements 
3. Manufacturers recommendations 
4. Radiological safety requirements 
5. Hazardous material safety requirements 

1. Industrial safety issues 
2. Radiological safety requirements 
3. Hazardous material safety requirements 
4. Decontamination Methods 

1. Organization and staffing 
2. Staff responsibilities 
3. Lines of authority 

1. Inspection requirements 
2. Sampling methods 
3 .  Removal methods 

1. Decontamination methods 
2. Sampling requirements 
3. Industrial safety issues 
4. Radiological safety requirements 
5. Hazardous material safety requirements 

Subsection 18.2 of the SSARR describes the FEMP program for the development of training courses 
concerning the following aspects: 

1) FEMP training program description 
2) FEMP training requirements for each worker cla9sification 
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3) FEMP training program implementation 
4) Initial training 
5) Retraining 
6) Development 
7) Administration and records coordinated by Environmental, Safety, and Health for affected 

employees 

All FEMP operations personnel are required to successfully complete and maintain current the GET 
requirements as stated in DOE Order 5480.20. The training program for the OU-4 Pilot Plant Program 
will comply with the requirements identified in Table 18-1 of the SSARR. 

The OU-4 Pilot Plant training program will be established for the operating organizational personnel to 
develop or enhance ,their knowledge, skills, and ability to perform their job assignments. A systematic 
analysis of training requirements will be completed as required in RM-FMPC-0002. The following 
project-specific training and qualifications are required for the various operating and maintenance 
personnel who work on this project: 

Equipment operators shall have evidence of current qualification for the type of equipment 
operated prior to the initiation of their activities. Training and qualification shall be current and 
directly applicable to the specific equipment that is to be operated. 

Personnel responsible for operation of the OU-4 Pilot Plant Program will be trained and qualified 
in the operation activities identified in, but not limited to, Table 18-2. as applicable, prior to the 
start-up of the system. Personnel responsible for maintenance of the OU-4 Pilot Plant program 
will be trained and qualified in the maintenance activities identified in, but not limited to, Table 
19-1, as applicable. This training will ensure proper and safe operation and maintenance of the 
systems. 

All personnel working on the OU-4 Pilot Plant Program will be trained on the Project Task- 
Specific Health and Safety Plan. 

The'FEMP 24-Hour Emergency Response Team (ERT) will be trained on the project 
requirements prior to initiating work. 

Personnel responsible for-hoisting and rigging will be trained and qualified prior to initiating 
work. 

Personnel assigned to work on the OU-4 Pilot Plant Program'will be trained in heat and cold 
stress prior to initiating work. 

. . -  
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7) Inspection personnel meet the requirements of the FERMCO Quality Assurance Program 
Description (RM-0012) and are certified in RSO/QC procedures based on ASNT-TC. 1A or other 
national standard programs, as applicable. FERMCO managedsupervisors shall ensure that 
inspectors under their supervision are certified prior to performing or witnessing work on this 
project. FERMCO managers/supervisors shall also ensure that training required prior to 
certification is accomplished. 

8) Training in energy isolation control, per the requirements for SSOP-0719, shall be completed by 
affected employees prior to any field activities related to this project. The training shall be 
coordinated by ES&H for affected employees. 

Table 18-2 - System-Related Operational Training Requirements 

Training to be Developed I Silo 4 Waste Removal and Transport 

Building HVAC Operation 

(I 11 Silo 3 Waste Removal and Transport 

Silo 1 and 2 Waste Removal and Transport 

Feed Preparation 

11 Furnace Operation II 
Product Formation 

Process Water/Recycle Water Operation 

II 11 Wastewater Transfer 
~~ ~ ~~ 

Off-Gas System Operation 

Radon Treatment System Operation 

18.4 References 

18.1) FERMCO, March 1994. Sitewide Safety Analysis Reference Repon, Rev. 1 .  FEMP-2319. 
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SECTION 19 

INITIAL TESTING, IN-SERVICE SURVEILLANCE, AND MAINTENANCE 

The grading of topics in Section 19 is determined by the safety analysis for this project and the 
recommendations of WHC-SP-0960, Graded Approach to Safety Analysis Reports (Ref. 19.1). As 
recommended, the depth of description considers the hazards and the duration of the project. The 
facilities in this project have a short mission time and are not complex. Because this project has  a short 
mission time, the most significant element of Section 19 is initial testing. Inspection and tests documents 
will be prepared during Title I11 based on the identified systems or components’ quality levels and site 
procedures. 

WHC-SP-0960 (Ref. 19. I)  recommends a level of descriptive detail of “V“ for each subsection of Section 
19. This would indicate no specific information is required for each subsection. However, this section 
identifies preliminary plans concerning initial testing, in-service surveillance, and maintenance. Section 
19 of the SSARR addresses common and generic aspects of initial testing, in-service surveillance, and 
maintenance that apply to all facilities at the FEMP, including the to-be-constructed .Pilot Plant. 

19.1 Requirements 

The FERMCO Management Plan: Policies and Requirements Manual includes the S/RIDs for 
Maintenance and for Operations. The maintenance S/RID (No. 7) identifies the requirements for 
establishing the equipment and systems maintenance methods and practices, providing equipment 
calibrations, and establishing preventative or routine maintenance for the FEMP per the FERMCO 
contract with the DOE; applicable Federal, State, and local laws; DOE Orders; and DOE guidance 
documents. The Operations S/RID (No. 11) identifies the requirements for executing and monitoring 
operational activities; operating methodologies and procedures; lockout and tagout; abnormal events 
investigation; and equipment or process labeling. 

19.2 Testing 

19.2.1 Testina of Existina Silos 

The structural integrity of the silos is being evaluated by a test program currently underway. Discussion 
of the test program is included in Subsection 6.1.4. 
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Testing of New and Modified Facilities 

A test program will be developed under the guidance of ENG-012-1803, "Startup and System Operability 
Test Procedure (Ref. 19.2), to determine the tests to be performed, their preparation, execution, and 
closeout. Construction acceptance tests, instrument calibrations, individual systems tests, pre-operational 
integrated systems tests, and a system operational test will be performed as necessary to certify that the 
new facility or system meets its design criteria. 

19.2.3 Phase 1 Checkout and Start-Uo Activities (Surroaate Material] 

Following the successful completion of Construction Acceptance Testing (CAT), Systems Operability 
Testing (SOT) will occur for the waste retrieval and vitrification systems. Detailed CAT and SOT plans 
will be developed and approved prior to the start of test activities. 

19.2.3.1 Phase I Checkout Acdvities 

The following is a preliminary list of checkout activities to be included in the SOT plans: 

Waste retrieval equipment (cranes, pumps, blowers, cameras, etc.) and the system as a whole will 
be tested for proper operation. 

The thickener will be filled with water and allowed to overflow into the recycle water tank. 

The recycle water tank level indication will be checked as the tank fills. 

Flow indication to each slurry tank from the thickener will be calibrated against the rate of weight 
gain in each tank. Agitator operation will be checked concurrently. 

Water will be pumped from the recycle water tank to the quench tower, and the flow control to 
the quench tower will be calibrated. 

The level controller in the quench tower will be calibrated, and the quench tower water pump will 
be started, pumping water back to the thickener. 

The exhaust fan will be started, and air flows from the process through the off-gas system will 
be measured and balanced. 

The cooling tower will be filled with water and treatment chemicals will be added. The cooling 
tower pump will be run to purge air from the system. The cooling tower fan will be started and 
adequate air flow verified. 

- - - 
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The filtration and transfer equipment for the glass additives will be operated to confirm proper 
operation. 

Slurry tank discharge pumping will be tested in the recycle mode. 

The furnace will be charged with appropriate glass frit, then heated to melt the frit and seal the 
refractory. 

The wastewater filters will be water tested when sufficient feed is available in the recycle water 
tank. 

During the checkout operations, the Distributed Control System will be monitored for correct 
indications of measured variables, control action, and status of motors and valves. 

Safety alarms will be checked and emergency shut-offs will be tested for proper settings and 
function. 

All support system components (e.g., pumps, valves, filters, and instruments) that are not tested 
via Items 1 through 14 of this list will be checked and/or tested for proper operation. 

19.2.3.2 Phase I Start-up Activities 

Start-up activities for vitrification involve introducing surrogate material from Silo 4 into the system and 
inventorying tanks and bins so that continuous operation can be achieved. These activities consist of the 
following essential steps: 

1) Furnace temperature control will be tested. 

2) Molten glass draw and the product forming equipment will be tested in short runs to gain 
experience and to establish preliminary control parameters. 

3) The slurry feed to the thickener will be transferred to a slurry tank when target percent solids are 
reached. 

4) Additives will be added to the slurry tank and mixed with &e slurry. After the additives are 
sufficiently mixed in the slurry tank, short furnace feeding runs will be used to test the furnace 
feed system to get an initial assessment of the response of the furnace to actual feed. 

5)  The process water system, off-gas treatment system, wastewater filters (as required), and cooling , 

tower will all be operating during this time. 
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6 )  These start-up activities will cease when all systems have been tested sufficiently such that 
continuous operation is judged to be viable. 

19.2.3.3 Phase I Pilot Plant Testing 

The objective of this operational phase is to achieve design rates on a continuous operation basis and to 
determine steady-state and optimum parameters. The majority of the Phase I testing will simply entail 
equipment operation, observation, and subsequent process correction. Phase I vitrification testing is 
targeted to end when approximately 30 metric tons of surrogate material has been vitrified. Prior to the 
completion of Phase I testing, trace metallic elements and sulfates will be added to the surrogate material 
prior to being fed to the furnace to more closely simulate the vitrification of K-65 material. The 
following identify the specific component testing that will occur. 

Silo Material Retrieval Hvdraulic) 

Testing of silo material retrieval will entail the successful manipulation of the hydraulic mining device(s). 
demonstrating the off-gas and silo head space pressure, and removing silo material at the design rates. 
Slurry samples will be taken periodically to measure the variability in solids content. The mining 
device(s) operating pressure and volume flow will be adjusted to test their operating ranges and to 
determine optimum operating parameters. 

Thickener performance is mainly a function of achievable sol'ids concentration. The solids effluent will 
be sampled and tested for weight percent solids (targeted at 50 percent). The overflow water will also 
be sampled for clarity. The addition of polymer flocculation agents to the thickener feed, at various 
rates, will be tested to determine the reagent consumption for desired settling efficiencies. 

S l u m  Tanks 

The alternating batch operation of the two agitated slurry tanks will be tested. The ability to substantially 
empty the slurry tank to the furnace before receiving the next batch from the thickener will be 
demonstrated. 

The agitator co-mingles the surrogate material and the additives so that a homogeneous mix is fed to the 
vitrification furnace. The slurry tank product will be inspected to ascertain the agitator's effectiveness. 

. .. 
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Furnace operation will be carefully monitored and adjustments to temperature, hold time, feed, etc., will 
be made as required to ensure an acceptable glass product. Operation of the melter at its lower 
temperature range, coupled with the use of mechanical agitation, will be tested to determine the minimum 
temperature required to produce a good glass product. Also, trace metallic elements and sulfates will be 
added to the furnace feed to better simulate the K-65 material and test the furnace operation (i.e., heavy 
metal drain, effectiveness of mechanical agitation on glass phase separation). Final product testing will 
include compression testing and TCLP analysis to determine leachability. 

Temuerature Control 

The furnace is expected to operate between 1,100 and 1,350 degrees C (2,012 - 2,462 degrees F). The 
ability to maintain a constant glass melt temperature during operations will be tested due to its importance 
to producing a uniform glass product that flows out of the furnace at a constant rate. 

Foaming 

Foaming occurs in a glass furnace with the release of decomposition gases at high temperature, mostly 
carbon dioxide from carbonates. The extent of foaming will be observed by remote video monitoring 
and the glass formulation adjusted accordingly since it is critical to be able to continuously operate the 
furnace without foaming problems. 

Molten Glass Removal 

Controlling the molten glass flow out of the furnace is important to the subsequent product forming 
operation. Testing will involve changing the flow rate to ensure that reasonable control of the glass level 
in the furnace can be maintained. 

Product Forming 

The product forming equipment will be a mechanical device which will cut molten glass streams from 
the furnace into small pieces and cool the pieces in a controlled way to produce a product with acceptable 
physical (crush strength), chemical (leach resistance), and radiological (radon retention - Phase 11) 
properties. The operation and mechanical reliability of the system will be tested. 
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Ouench Tower and Scrubber 

The function of the quench tower and scrubber is to condense the water vapor and remove any acid gases 
produced in the furnace. During testing, it will be monitored for pressure drop, water inventory control, 
and water temperature rise. 

Radon Treatment Svstem (RTS1 

Although there is no radon concern in Phase I, the RTS must. be tested to demonstrate reliability and 
capability of handling the design throughput. It will consist of a dehumidification section, a carbon bed 
adsorption section, and a final HEPA filtration section. During testing, the parameters to be monitored 
are the temperature and humidity of the air entering the carbon bed and the pressure drop through the 
system. 

Cooling Tower 

Cooling water will be needed to cool the furnace electrodes, parts of the product forming equipment, and 
the quench tower effluent being recycled to the thickener. Cooling towers are generally simple and 
reliable and require minimal attention. Full-rate testing of the process will verify that adequate cooling 
capacity exists in the cooling tower. 

Wastewater Treatment 

The net amount of water removed from the process will exit through the recycle water tank and the 
wastewater filters. Suspended solids will be the only items requiring treatment in this water; therefore, 
treatment will consist only of a multi-media filtration system. Although this is a well known technology, 
the ability to successfully handle the bentonite clay must be tested. 

Distributed Control Svstem 

The control system will gather data from the vitrification operations for display on screens in the control 
room. Likewise, control devices (valves, dampers, Silicon Control Rectifiers [SCRs] for furnace 
electrodes) and motors will have their status displayed. Pilot Plant operations testing will determine the 
reliability of this equipment and demonstrate its user friendliness. 

19.2.4 Phase II Checkout and Start-up Activities 

Following the successful completion of Phase I, operating procedures will be modified to reflect all 
process changes and lessons learned. 
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19.2.4.1 Phase II Checkout Activities 

The following is a preliminary list of checkout activities: 

All liquid process lines will be flushed to remove residual materials used during Phase I testing. 

Waste retrieval equipment (cranes, pumps, vacuum blowers, cameras. etc.) and the system as a 
whole will be tested for proper operation. 

The thickener will be emptied of surrogate material and left filled with water to the point of 
overflow into the recycle water tank. 

The recycle water tank will be checked to make sure it is at a 60 to 70 percent level indication. 

The quench tower will be checked for proper (about 50 percent) water level. 

The exhaust fan will be started, and air flows from the process through the off-gas system will 
be remeasured and balanced. 

The cooling tower will be checked for proper water inventory and treatment chemicals will be 
added as needed. The cooling tower pump will be run to purge air from the system. The 
cooling tower fan will be started and adequate air flow verified. 

The transfer equipment for the glass additives will be checked to confirm proper operation. 

Slurry tanks will be emptied and flushed. 

The furnace will be checked for proper temperature control. 

Both of the wastewater filters will be backflushed and ready for use. 

During the checkout operations, the Distributed Control System will be monitored for correct 
indications of measured variables, control action, and status of motors and valves. , 

Safety alarms will be checked and emergency shut-offs will be tested for proper settings and 
functionality. 

The building ventilation system will be started and airfl0w.s through the building will be 
remeasured and balanced. . -  
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19.2.4.2 Phase II Start-up Activities 

Start-up activities at the silos involve filling the mobile hopper with Silo 3 material and inserting the 
slurry pump into Silo 1 or 2. Start-up activities for vitrification involve introducing K-65, Silo 3, and 
additive materials into the system and inventorying tanks and bins so that continuous operation can be 
achieved. These activities consist of the following essential steps: 

The Silo 3 materid mobile hopper will be filled and relocated to the Pilot Plant facility. 

The K-65 Silo RTS will be started and checked for satisfactory operation. 

The slurry pump will be inserted into Silo 1 or 2 and slurry transfer to the thickener will 
commence. 

When adequate percent solids is reached in the thickener, the first "hot" melter feed batch will 
be initiated by transferring the correct amount of thickened solids to one of the slurry mix tanks. 

Additives will then be added to the slurry tank. After the additives are sufficiently mixed in the 
slurry tank, short furnace feeding runs will be used to test the furnace feed system on this 
material and get an initial assessment of the response of the furnace to the feed. 

Molten glass draw and the gem forming equipment will be tested in short runs to properly 
establish conpol parameters during the switchover from surrogate material to "hot" glass. 

The recycle water system, off-gas treatment system, wastewater filters (as required), and cooling 
tower will all be operating during this time. 

These start-up activities will cease when all systems have been tested sufficiently such that 
continuous operation is judged to be viable. 

19.2.4.3 Phase II Pilot Plant Testing 

The objective of this operational phase is to achieve design rates on a continuous operation basis and to 
determine steady-state and optimum parameters. The majority of this phase of Pilot Plant testing will 
entail equipment operation, sampling, observation, and subsequent process correction. Phase I1 
vitrification testing is targeted to end when approximately 20-30 metric tons of K-65 and Silo 3 material 
have been vitrified. The following identify the specific component testing that will occur. 
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Testing of K-65 silo material retrieval will entail successful manipulation of the slurry pump, 
demonstration of the ability to control radon emissions, and removal of silo material at the design rate. 
Slurry samples will be taken periodically to monitor the performance of the hydraulic mining system. 
The slurry pump operating pressure and flow will be adjusted to test its operating range and to determine 
optimum operating parameters. 

Thickener 

Thickener performance is mainly a function of achievable solids concentration. The solids effluent will 
be sampled and tested for weight percent solids (targeted at approximately 50 percent). The.thickener 
overflow water will also be sampled for clarity. The addition of polymer flocculation agents to the 
thickener feed, at various rates, will be tested to determine the reagent consumption for desired settling 
properties. (Tests have shown that the presence of the bentonite clay will make the thickener operation 
more difficult, requiring high levels of polymer and possibly pH adjustment. The ability to adequately 
thicken K-65 residues plus bentonite is crucial to the success of the Phase I1 program). 

Slurrv Tanks 

The alternating batch operation of the two agitated slurry tanks will be tested. The ability to substantially 
empty the slurry tank to the furnace before receiving the next batch from the thickener will be 
demonstrated. 

The agitator blends the surrogate material and the additives so that a homogeneous mix is fed to the 
vitrification furnace. The slurry tanks will be sampled to ascertain the agitator's effectiveness and to 
determine the correct additive mix. Viscosity in the slurry tanks will be monitored via motor amps on 
the agitators. 

Vitrification Furnace 

Furnace operation will be carefully monitored and adjustments to temperature, hold time, feed, etc., will 
be made as required to ensure an acceptable glass product. Operation of the melter at its lower 
temperature range, coupled with the use of mechanical agitation, will be tested to determine the minimum 
temperature required to produce a good glass product. Of particular interest will be the effect of agitation 
on glass phase separation. Final product acceptance testing will include compression testing and TCLP 
analysis to determine leachability. 
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TemDerature Control 

The furnace is expected to operate between 1,100 and 1,350 degrees C (2,012 - 2,462 degrees F). The 
ability to maintain a constant glass melt temperature during operations will be tested due to its importance 
to producing a uniform glass product that flows out of the furnace at a constant rate. 

Foaming 

Foaming occurs in a glass furnace with the release of decomposition gases at high temperature, mostly 
carbon dioxide from carbonates. The extent of foaming will be observed by remote video monitoring 
and the glass formulation adjusted accordingly since it is critical to be able to continuously operate the 
furnace without foaming problems. 

Molten Glass Removal 

Controlling the molten glass flow out of the furnace is important to the subsequent product forming 
operation. Testing will involve changing the flow rate to ensure that reasonable control of the glass level 
in the furnace can be maintained. 

Product Forming 

The product forming equipment will be a mechanical device which will cut molten glass streams from 
the furnace into small pieces and cool the pieces in a controlled way to produce a product with acceptable 
physical (crush strength), chemical (leach resistance), and radiological (radon retention) properties. The 
operation and mechanical reliability of the system will be tested. 

Ouench Tower and Scrubber 

The function of the quench tower and scrubber is to condense the water vapor from the furnace and 
remove any acid gases produced in the furnace. During testing, it will be monitored for pressure drop. 
water inventory control, and water temperature rise. 

Radon Treatment Svstem 

The RTS must be tested to demonstrate reliability and capability of handling the design throughput. It 
will consist of a dehumidification section (desiccant tower), a carbon bed adsorption section, and a final 
HEPA filtration section. During testing, the parameters to be monitored are the volumetric flow rate, 
the temperature and humidity of the air entering the carbon beds, the pressure drop through the system, 
and the radon removal efficiency. 
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CoolinP; Tower 

Cooling water will be needed to cool the water from the quench tower being recycled to the thickener 
and possibly the furnace electrodes and parts of the product forming equipment. Cooling towers are 
generally simple and reliable and require minimal attention. (Full-rate testing of the process in Phase I 
will verify that adequate cooling capacity exists in the cooling tower.) 

Wastewater Treatment 

The net amount of water removed from the process will exit through the recycle water tank and the 
wastewater filters. Suspended solids will be the only items requiring treatment in this water; therefore, 
treatment will consist only of a multi-media pressure filtration system. The ability to successfully handle 
the bentonite clay must be monitored. 

Distributed Control Svstem 

The control system will gather data from the vitrification operations for display on screens in the control 
room. Likewise, control devices (valves, dampers, SCRs for furnace electrodes) and motors will have 
their status displayed. Phase I1 operations will continue to test the reliability of this equipment and 
provide inforination on any deficiencies of the control scheme to be used for final remediation. 

19.3 Surveillance Testing and In-Service Inspection 

The HEPA and carbon filters for the RTS and the vitrification off-gas systems will be periodically tested 
as well as the manual standby generator to ensure that they are capable of fulfilling their design functions. 
Because the facility has no safety classified structures, systems, or components, it has  no associated TSRs 
mandating testing or inspection. 

19.4 Maintenance 

Section 19 of the SSARR identifies the considerations to be addressed in developing the OU-4 Pilot Plant 
Program maintenance plan to be in compliance with DOE Order 4330.4A, Maintenance Management 
Program (Ref. 19.3). 

Table 19-1 identifies the structures and systems whose components’ maintenance requirements will be, 
at a minimum, in accordance with manufacturer’s specifications. The OU-4 Pilot Plant Program 
maintenance plan will be comprehensive, though actual scheduled maintenance may not be extensive, due 
to the short duration of this project. 

. .. 
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Building HVAC 

Table 19-1 - Structures/Systems Subject to Maintenance 

System or Structure 

Silos 1, 2, 3 and 4 

K-65 Silos Waste Removal and Transport Systems 

Thickener and Rake 

11 F& Preparation System 
~ ~ ~ _ _ _ _ _ _  ~~ 

Furnace 

Product Former 

11 Recycle Water System 
~~ 

Wastewater Filter and Transfer System 

Off-Gas System 

Instrument Air System 

Electrical Distribution System 

Building Lighting 

Building Sumps 

Double-Walled Pipe Leak Detection 

19.5 References 

19.1) Westinghouse Hanford Company, February 1993. Graded Approach to Safety Analysis Reports," 
Revision I. WHC-SP-0960. 

19.2) FERMCO, November 1993. ENG-02-1803, "Startup and System Operability Test Procedure," 
Draft. 

19.3) United States Department of Energy, May 1992. DOE Order 4330.4A, "Maintenance 
Management Programs. " 
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SECTION 20 

DERIVATION OF TECHNICAL SAFETY REQUIREMENTS 

Technical Safety Requirements (TSRs) confirm the validity of assumptions made by the safety analysis 
which ensure that an acceptable dose/dosage is not exceeded. The basis for the assumption is described 
in this section of the project SAR. The DOE approves the basis for the TSR by accepting the project 
SAR. The FEMP implements the TSR through site procedures. 

TSRs are formal commitments between a contractor and the DOE that are used to: 

1) 
2) 
3) 
4) Impose administrative controls 

Identify safety limits that must not be exceeded 
Define the limiting conditions of operations 
Identify the surveillance requirements of the equipment 

TSRs are defined in DOE-STD-3005-YR (Ref. 20.1) as follows: 

Those requirements that define the conditions, safe boundaries, and the management or 
administrative controls necessary to ensure the safe operation of a nuclear fucilify and to 
reduce the potential risk to the public and facility workers from uncontrolled release of 
radioactive materials or from radiation exposure due to inadvertent criticality. A 73R 
consists of safety limits, operating limits, surveillance requirements, administrative 
controls, use and application instructions, and the basis thereof. TSRs were formally 
known as Operational Safety Requirements for nonreactor nuclear facilities and Technical 
Specifications for reactor facilities 

This standard also assigns TSR designation to those requirements that reduce the potential 
risk to the public and facility workers from uncontrolled release of non-radiological 
material or exposure to energy hazards. These TSRs would be subject to the enforcement 
provisions of 10 CFR 820 to the extent they also prevent uncontrolled release of 
radiological material. 

However, TSRs are not intended to protect on- or off-site personnel who are safeguarded by normal 
industrial measures (e.g., OSHA, NFPA). 

20.1 Requirements 

The FERMCO Management Plan: Policies and Requirements Manual includes the Standards1 
Requirements Identification Document (S/RID) for Nuclear Safety. This S/RID (No. 9) identifies the 
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requirements for preparing TSRs at the FEMP per the FERMCO contract with the DOE; applicable 
Federal, State, and local laws; DOE Orders; and DOE guidance documents. 

20.2 Discussion of Existing OSRs 

Operational Safety Requirements (OSRs) (Ref. 20.2) were created and approved as part of the 
previous Safety Analyses of the K-65 Silos (Ref. 20.3) and the installation of bentonite. These OSRs 
will remain in effect until they are converted to TSRs, as appropriate, and issued concurrently with the 
FSAR. 

20.3 References 

20.1) United States Department of Energy, February 25, 1994. "Evaluation Guidelines for Accident 
Analysis and Safety Structures, Systems, and Components. DOE-STD-3005-YR. 

20.2) PARSONS, November 1991. Silos I and 2 Operational Safety Requirements, Revision 4. 

20.3) PARSONS, 1991. Silos I and 2 Facility Safely Analysis Report, Rev. 2.  
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PROVISIONS FOR DECONTAMINATION AND DECOMMISSIONING 

This section provides information for D&D as required by DOE Order 5480.23, Attachment 1, Item 20 
(Ref. 21.1). Section 21 of the SSARR (Ref. 21.2) addresses the generic aspects of 
decontamination and decommissioning @&D) at the FEMP. 

The grading of topics in this section is determined by the 'safety analysis for this project and the 
recommendations of WHC-SP-0960, Graded Approach to Safety Analysis Reports (Ref. 21.3). As 
recommended by WHC-SP-0960, the depth of description considers the hazards, complexity, life cycle 
(construction, operation), and duration of the project. The extent of the description is limited because 
of the relatively small effect this project has on D&D. 

21.1 Project Function 

The following components will require D&D as part of the remediation process: 

1) Any temporary equipment used in the residue removal process. 

2) The temporary facilities built to process the silo residues. These include the Vitrification Pilot 
Plant Facility and the associated utility services. 

Prior to the start of these D&D activities, a complete structural and radiological characterization must 
be performed. This will provide baseline information and may influence decisions regarding 
decontamination equipment, techniques, and procedures which are most appropriate. 

The principal objectives of this effort are: 

1) To decontaminate the temporary facilities and equipment for reuse or release to the greatest extent 
possible, while minimizing exposure to individuals 

2) To perform all work in such a manner as to minimize, to the extent possible, the quantity of 
waste to be packaged for interim storage on site 

3) To perform all work in compliance with regulatory and site requirements commensurate with 
a maintaining ALARA principles 
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21.2 D&D of New Facilities 

The following subsections identify the equipment and activities necessary for the D&D of the temporary 
facilities, equipment, services, and utilities. The effort consists of stabilization and decontamination; 
processing of the resultant waste; preparation of the surfaces for demolition; the actual demolition (where 
required), removal, and packaging of the facilities, equipment, services, and utilities; and performance 
of a final assessment of the site(s). Because new pieces of process equipment have been designed with 
D&D in mind, only the equipment in direct contact with the residue material or process effluents will be 
significantly contaminated. The rest of the structures and equipment may be suitable for Free release. 

21.2.1 PreDaration for D&D 

Upon completion of the OU-4 Pilot Plant Program, the D&D of the equipment used during the 
vitrification study may begin. This equipment includes the Vitrification Facility Equipment and the 
associated miscellaneous material and utility services for the temporary remediation facilities. 

An equipment inventory and radiological characterization will be completed to determine the 
decontamination techniques and final. disposition for each piece of equipment and structure. A complete 
history of.the facility's condition including construction, equipment, contamination levels. and operating 
history will be evaluated to establish the clean-up levels and final disposition of the equipment. Final 
disposition may include: 

1) Free release 

2) Packaging for disposal in an on-site disposal facility 

3) Packaged, non-reusable items (rubble, miscellaneous concrete, building materials, etc.) 

4) Reusable items by others on-site (certain utilities, power station, forklifts, other equipment, 
melter and associated components) 

The final step is to establish health physics and operating procedures to comply with the radiological 
conditions of the facility as well as the regulatory requirements for the D&D of the facility. The health 
physics and pertinent operating procedures include area monitoring requirements, surface contamination 
area control, radiation area control, and airborne radioactivity area control. With these systems 
operational, identification and disposal of the surplus materials and equipment in the facility can be 
accomplished. Section 18 of the SSARR provides guidance for the development of operating procedures. 

The required support material and modifications for operation will be identified. Areas which can be 
isolated and removed from the HVAC, electrical, and other service connections will be removed first. . - -  
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The order of D&D for the equipment will be the equipment’s activity level. Process flow diagrams and 
the services drawings will aid in the determination of the order of disconnection of services. The 
sequence of demolition will consider the need for staging areas for box transport and the movement of 
personnel. 

Work will proceed from the most to least contaminated area. Demolishing, treating, and boxing activities 
for on-site usektorage must be set up with the Contamination level in mind. Furthermore, classification 
of all materials into appropriate categories will be made as follows: 

1) 
2) Noncontaminated, non-reusable 
3) 

Contaminated, for processing and/or storage in the Interim Storage Facility (ISF) 

Noncontaminated, reusable by other on-site activities 

Within the isolation enclosure areas, vestibules are large enough to allow personnel and equipment to pass 
through. These vestibules will be provided at locations where there is actual or potential contamination 
that could spread from an area of high contamination to an area of lower contamination. Consideration 
may be made for primary, secondary, and tertiary confinement systems, based on the hazards being 
processed. The area will include provisions for radiological monitoring. HEPA filters are required . -  

. _  

between different ventilation zones and between airborne contaminated and non-contaminated zones. 
Existing HEPA filtration units will be used as much as possible. Where this is not practical, portable 
HEPA systems will be provided. Differential pressure instruments between zones supplement HVAC 
conditions so they can be easily monitored by D&D personnel. Easily accessible gaugesjdigital readouts 
that provide real time measurement of HVAC conditions will be provided. 

Standby utilities which support the safety of the ,decontamination will be included for critical D&D 
operations and are described in Section 6. Standby power is also required for any system that may cause 
personnel exposure or environmental contamination (Le., decontamination equipment, HVAC system, 
etc.; see Section 6). 

Monitoring before, during, and after the D&D operation is important. Surface monitoring of the 
equipment and material assures that proper cleaning/stabilization has occurred to minimize contamination 
spread. Monitoring of all personnel prior to leaving the change/decontamination area is also required. 
Monitoring of all material (prior to boxing) and the monitoring of the exterior of the package is needed 
for inventory control records. 

ERAFSl\VOLl :RSAPPS\RSDATA\ 
OU4\FQ-85\PSARO\D&D.S21 21-3 



1.1 I 

FEMP-2337 
PSAR. Rev. 0 

21.2.2 D&D of EauiDment and Facilities 

The D&D of the process equipment will occur in three distinct steps: 

1) Equipment Removal 

If the equipment is shielded, the shielding must be removed. Surveys of the shielding 
surrounding the pieces of equipment will determine if the shielding is potentially reusable by 
others on-site. General equipment removal will involve monitoring the equipment exterior, 
isolating the equipment from other processes, ensuring all tanks, vessels, and storage bins are 
empty by visual inspections. Volume reduction of large equipment prior to packaging may 
require size reduction prior to removal. Smaller equipment may be boxed whole. 

2) Facility D&D 

General facility D&D will involve preparing and cleaning the services and the demolition of the 
structures. Cleaning of all exposed surfaces (piping, conduit, ventilation ducts) will be 
performed. Stabilization of contaminated surfaces (paint, seal, etc.) including exposed horizontal 
surfaces (window sills, counter tops, tops of door frames) and cleaning around floor drains, light 
fixtures, exhaust fans, and electrical penetrations will also be performed. All piping will be 
flushed with the water going to the water treatment facility. Duct work and piping will be 
removed by cleaning and sealing the ends. During the removal of strippable coatings, special 
care will be taken to avoid creating any unnecessary dust. Extra care will be required around 
exposed welds, bolt threads, and the duct work flanges. 

3) Building Demolition 

Demolition of the building will start with cleaning debris off the floor, monitoring the area, and 
disconnecting any final service connections. Periodic monitoring of the material being removed 
will indicate contamination. Once the building has been emptied, the roof and walls will be 
removed, followed by removal of the floor, foundation, ind slab. As material is brought into 
the holding or staging areas, the material and the exterior of the package will be surveyed and 
the pertinent data recorded for inventory control. When D&D of the holding or staging area 
begins, the boxes/packages will be segregated and transported from the holding area to another 
transfer location. When all demolition activity is complete and all associated contaminated soils 
removed, a complete and final assessment of the site will be performed. Complete description 
of all D&D activities as well as ongoing and final assessment results will be recorded. 
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21.2.3 - Reus ble EauiDmen and Facilities 

Minimization of the waste quantities to be packaged for on-site interim storage has been incorporated 
through innovative use of the concept of "recycle and reuse." This minimization has been accomplished 
by segregation of the waste streams. The identification of noncontaminated equipment and material for 
potential reuse on site by other OUs will reduce the total waste quantity for interim on-site storage, while 
providing overall cost savings. This cost savings will be realized in the reduced cost for storage and by 
the avoidance of future procurement of this reusable material and equipment within the FEMP site. 

Many components used in the Pilot Plant program have been identified as being potentially reusable for 
other on-site remediation projects and/or at other DOE facilities. The items identified are as follows: 

1) The melter and associated control equipment from the Vitrification Facility 

2) Material Handling Items 
(1) Frontloaders 
(2) Backhoes 
(3) Forklifts 
(4) Hydraulic Platforms 

3) Miscellaneous equipment and material which include: electrical wire and conduit, TV cameras, 
fences, control instrumentation, electric poles, fuel tanks, telephones and associated wiring, alarm 
systems, paginghtercom systems, air compressors, lab equipment, portable lighting, hand tools, 
pumps, piping, generators, electrical substations. dry material storage bins, caustic and nitric acid 
storage tanks, various other storage tanks, temporary enclosure with HVAC, concrete drilling 
systems, concrete cutting systems, scaffolding, safety equipment, structural steel, mobile crane 
systems, overhead joist systems, administrative area HVAC, radiological identification and 
monitoring equipment, office equipment, desks, and chairs 

Before actual D&D of equipment is performed, an equipment inventory and characterization must be 
completed to determine the disposal techniques used for each piece of equipment. The equipment should 
be characterized and determination made whether or not the equipment is reusable. This equipment may 
be stored if it can't be reused immediately. 
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21.3 References 

21.1) United States Department of Energy, April 1992. DOE Order 5480.23, "Nuclear Safety 
Analysis Reports." 

21.2) FERMCO, March 1994. Site Safe@ Analysis Reference Repon, Rev. 1. FEMP-2319. 

21.3) Westinghouse Hanford Company, February 1993. Graded Approach for Safety Analysis RepoRs. 
WHC-SP-0960, Rev. 1 .  

ERAFSl\VOLl :RSAPPSWSDATA\ 
o u-4\m-as\mmam~ .sz 1 

000244 
21-6 11 121 I995 



m 8 9  , 

APPENDIX A 

SILO AND EXISTING RADON TREATMENT SYSTEM DRAWINGS 
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