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Volume I I  - Appendix A 

INTRODUCTION 

This appendix contains documentation prepared by the Plutonium ES&H Vulnerability Working 
Group for conducting the Plutonium ES&H Vulnerability Assessment and training the 
assessment teams. It has the following five parts: 

A. 1 The "Project Plan" describes the genesis of the project, sets forth the goals, objectives 
and scope, provides definitions, the projected schedule, and elements of protocol. 

A.2 The "Assessment Plan" provides a detailed methodology necessary to  guide the many 
professionals who have been recruited to conduct the DOE-wide assessment. It 
provides guidance on which types and forms of plutonium are to be considered within 
the scope of the assessment (in-scope versus out-of-scope), and lays out the 
assessment methodology to be used by both the "Site Assessment Teams" (SATs) and 
the "Working Group Assessment Teams" (WGATs). 

A.3 The memorandum from the Project to Operations Office Managers provides the 
protocol and direction for participation in the assessment by external stakeholders 
(individuals or organizations) and members of the public; and the guidance for the 
physical inspection of plutonium materials in storage. 

A.4 The memorandum from the Project to the assessment teams provides guidance for 
vulnerability screening criteria, vulnerability evalution and prioritization process, and 
vulnerability quantification for prioritization, for use by both the SATs and the WGATs 
to assist the Working Group in prioritizing vulnerabilities across the DOE complex. 

> 

A.5 The "Team Training" manual was used at  the training session held in Colorado Springs 
on April 19-2II1994for all merrlbers of the Working Group Assessment Teams (about 
100 people) and for the leaders of the Site Assessment Teams (about 30 individuals). 
The session covered the scope of the project, the assessment methodology, and 
numerous technical topics needed to carry out #he assessments at all DOE sites. The 
goal was to provide the same training to all of the individuals who would be conducting 
the assessments, and thereby provide consistency in the conduct of the assessments 
and uniformity in reporting of the results. The training manual in Section A.5 includes 
supplemental material provided to the attendees after the meeting. 
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The Secretary of Energy 
Washington, DC 20585 

Ja ary24,1994 W 
MEMORANDUMFORSECR RATIONS OFFICE MANAGERS 

FROM: ' HAZELR. 

SUBJECT: DEPARTM IVE FOR CONTROL AND DISPOSITION OF 
SURPLUS FISSILE MATERIALS 

With the end of the Cold War, significant quantities and forms of nuclear materials have become 
excess to national defense needs in both the United States and Russia. Underscoring the 
concern about nuclear proliferation, the President has directed an Interagency Working Group to 
initiate a comprehensive review of long-term options for plutonium disposition. The Department 
of Energy must play a leading role in this effort in view of its responsibilities for management 
and disposition of surplus nuclear materials. However, the organizational responsibilities and 
structure of the Department are not well suited to address the crosscutting nature of surplus 
nuclear materials. 

To address the urgency of this Issue, I am creating a Department-wide project reporting directly 
to the Under Secretary. This project will have line responsibility for developing departmental 
recommendations and for directing implementation of decisions concerning disposition of excess 
nuclear materials. The objective is to provide for safe, secure and environmentally sound 
control, storage and ultimate disposition of surplus fissile materials. The project will cany out its 
responsibilities in a manner that promotes effective nonproliferation policies and sets an. 
example for other nations to follow. It will coordinate the Departments participation on nuclear 
materials matters being addressed by the President's Interagency Working Group. It will 
operate in an open and transparent manner and will assure stakeholder participation-in the 
decision-making process. 

The materials of interest include plutonium and highly enriched uranium from the disassembly of 
nuclear weapons; separated nuclear materials previously in the weapons production pipeline; 
and weapons-usable quantities which may result from future stabilization and waste processing 
operations. 

The Department-wide project will initially be comprised of experienced staff, including at least 
one full-time participant from the following organizations: Defense Programs; Environmental 
Restoration and Waste Management; Policy, Planning and Program Evaluation; Environment, 
Safety and Health; Intelligence and National Security; Nuclear Energy; and Civilian Radioactive 
Waste Management. 

In addition to these core participants, other program offices may be called upon to assign 
qualified people to assist this activity. The Department-wide project will control funds authorized 
and appropriated for this effort and it will work closely with the programs, laboratories and field 
offices. Proceeding in this way, I expect the project will begin immediately identifying actions 
needed to effectively control and dispose of surplus nuclear materials. The project will have the 
breadth and range to develop consensus ,and effectively integrate surplus nuclear materials 
control and disposition efforts across the Department. 

Bob DeGrasse, Special Assistant in the Office of the Secretary, will lead efforts to organize the 
Department-wide project I ask you to provide him your full cooperation and support. I 



The Secretary of Energy 
Washington, DC 20585 

Xarch 15, 1994 

MEMORANDUM FOR TARA O'TOOLE, Y.D., M.P.H. 
ASSISTANT S E C R E T W  , .p 

FROM: 

SU 6 J ECT: W VULNEWdLIIY ASSESSMENT OF 
FISSILE MATERIALS STORAGE 

President. Clinton recently directed an Interagency Working Group to initiate a 
comprehensive review of long-term options for the disposition of plutonium that will 
be surplus in the post-Cold War era. The Department of Energy plays a leading 
role in this effort. On January 24, 1994, we initiated a Department-wide project to 
develop options and recommendations and direct implementation of decisions 
concerning disposition of surplus fissile materials. 

In order to establish a foundation for decision making, project staff, including staff 
from the Office of Environment, Safety and Health, have outlined a plan to conduct 
a comprehensive assessment of the environment, safety and health vulnerabilities 
associated with the entire inventory of plutonitm in storage outside of intact nuclear 
weapons. While not all fissile material in storage is surplus, this vulnerability 
assessment will sewe as the information base to identify interim corrective actions 
and options for the safe management of surplus fissile materials. 

I would like your office to take the lead in coordinating this vulnerability assessment. 
It should: 

e 

e 

encompass all forms and isotopes in the inventory of plutonium under 
Department's custody or control except plutonium in intact nuclear 
weapons: 

build on existing data and assessments to the maximum extent 
appropriate; 

include participation of cognizant secretarial off ices, operations off ices, 
and management and operating contractors, external stakeholders 
such as Nuclear Regulatory Commission, Environmental Protection 
Agency, National Academy of Sciences, International Atomic Energy 
Agency, Defense Nuclear Facilities Safety Board, the Congress, State 
representatives and public interest groups: and 
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0 be completed by September 30, 1994. 

I understand that staff have developed an initial cost estimate of approximately $4.0 
million for this assessment. The funding to support this assessment will’be made 
available from the Nuclear Materials Disposition Project. This estimate is based on 
the expectation that cognizant secretarial off ices, operations off ices, and 
management and operating contractors will support their portion of the assessment 
effort from within their current operating funds. Funding and schedule 
arrangements should be coordinated with Bob DeGrasse at 6-7550. 

I appreciate your support of this important task and I intend to separately write to 
the operations off ice managers and Secretarial Officers whose support will likewise 
be important to the Department’s success. 

cc: Bill White, S-2 
’ Charles 8. Curtis, S-3 

Bob DeGrasse, S-1 



The Secretary of Energy 
Washington, DC 20585 

March 15, 1994 

FROM: 

SUBJECT 

MEMORANDUM FOR SECRETARIAL OFFICERS 

FISSILE MATERIALS STORAGE 

President Clinton recently directed an Interagency Working Group to initiate a 
comprehensive review of long-term options for the disposition of surplus plutonium. 
This effort is part of a broader framework for the United States' efforts to prevent 
proliferation of nuclear weapons. As a result, on January 24, 1994, we initiated a 
Department-wide project to develop options, recommendations, and direct the 
implementation of decisions concerning the disposition of surplus fissile materials. 

In order to establish a foundation for decision making, we need a comprehensive 
understanding of the environment, safety and health issues surrounding our entire 
inventory of fissile materials in storage outside of intact nuclear weapons. While not 
all fissile material in storage is surplus, this vulnerability assessment will sewe as the 
information base to identify interim corrective actions and options for the safe 
management of surplus fissile materials. I have requested the Office of Environment, 
Safety and Health to assume the primary responsibility to perform this assessment. 
Although The Office of Environment Safety & Health is designated as the focal point 
for this Secretarial initiative, I expect full participation and support from the program 
off ices, operations off ices, and management and operating contractors 'to gather 
information and conduct assessments. 

The fissile materials vulnerability study should involve external stakeholders such as 
Nuclear Regulatory Commission, Environmental Protection Agency, National Acgdemy 
of Sciences, International Atomic Energy Agency, Defense Nuclear Facilities Safety 
Board, the Congress, State representatives, and public interest groups. Operations 
offices should take the lead to involve local stakeholders in working group meetings 
or assessments, while The Office of Environment Safety & Health will coordinate the 
involvement of other Federal agencies. The vulnerability assessment of plutonium will 
start in March 1994 and be completed by September 30, 1994. 

As a first step, The Office of Environment Safety & Health will establish a Plutonium 
Vulnerability Assessment Working Group to formulate and execute a plan to 
accomplish the objectives of this project. Materials of interest include all isotopes and 
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forms in the inventory of plutonium, including process residues, pits from disassembly 
of nuclear weapons, and'separated plutonium previously in the weapons production 
pipeline: however, plutonium housed inside intact nuclear weapons is excluded from 
this vulnerability assessment. 

You are requested to authorize the management and operating contractors and 
laboratories to designate three or four individuals possessing the best technical 
knowledge of the subject and facilities at their sites to participate as Working Group 
members. Operations off ices should also designate at least one management contact 
to fully participate in this effort. 

I recognize that the environment, safety and health vulnerabilities at many of our sites 
are well characterized, assessed, and controlled. Furthermore, this study represents 
an additional burden on already strained resources in light of our other initiatives. 
Although this study involves new assessments by you, your contractors, and the 
Working Group, we will buiid on existing work to the extent appropriate and create a 
Department-wide assessment to serve important national and international needs. In 
light of the significance of this study, I trust that you will support it and assure its 
success. 

The first Working Group meeting is scheduled for March 28-30, 1994 at the Holiday 
Inn, Gaithersburg, MD (Phone 301-948-8900). The Office of Environment Safety & 
Health will coordinate arrangements for this meeting. Sarbes Acharya (301 -903-241 9) 
is the Office of Environment Safety & Health Project Leader for this effort. 

cc: B. White, S-2 
C. Curtis, S-3 

' T. O'Toole, .EH-1 
B. DeGrasse, S-1 
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1.0 OBJECTIVE AND SCOPE 

The objective of the Plutonium ES&H 
Vulnerability Assessment Project is to 
conduct a comprehensive assessment of the 
environmental, safety and health (ES&H) 
vulnerabilities arising from the Department's 
storage and handling of its current plutonium 
holdings, The term "€S&H vulnerabilifies" is 
defined for the purpose of this project to 
mean conditions or weaknesses that could 
lead to unnecessary or increased radiation 
exposure of workers, release of radioactive 
materials to the environment, or radiation 
exposure of the public. The assessment will 
identify and prioritize ES&H vulnerabilities, 
and will serve as an information base for 
identifying interim corrective actions and 
options for the safe management of fissile 
materials. 

0 

encompass all forms and isotopes in the 
inventory of plutonium under the 
Department's custody or control, except 
plutonium in intact nuclear weapons: 

build on existing data and assessments 
to the maximum extent appropriate; 

include participation of cognizant 
secretarial off ices (CSOs), operations 
offices, management and operating 
(M&O) contractors, and external 
stakeholders, such as the Nuclear 
Regulatory Commission, Environmental 
Protection Agency, National Academy of 
Sciences, International Atomic Energy 
Agency, Defense Nuclear Facilities 
Safety Board, the Congress, State 
Representatives, and public interest 
groups: and 

be completed by September 30, 1994. 

The final report will be issued under the 
signature of . the Assistant Secretary, 
Environment, Safety and Health, to the 
Secretary of Energy. 

Although the Office of Environment, Safety 
and Health (EH) will lead the project, a 
broad-based Working Group composed of 
M&O contractor personnel, DOE operations 
off ice staff, Headquarters program off ice 
staff, and expert consultants will be involved 
in the assessment process. 

This Project Plan serves to organize and 
implement the project by defining the scope, 
outlining . roles and responsibilities, 
coordinating project management, and 
serving as an information resource document 
for the Working Group and others. 

The Secretary's directives (References 1,2, 
and 3, discussed in Section 2.0) request 
vulnerability studies of fissile materials, 
specifically plutonium and highly enriched 
uranium (HEU), with an initial project focus 
on plutonium. Specifically, this vulnerability 
assessment will: 

Attachment 1 contains details about 
plutonium materials included in the. scope of 
the Plutonium ES&H Vulnerability 
Assessment Project. This assessment is 
intended to take a "snap-shot" of the 
Department's plutonium holdings and 
associated ES&H vulnerabilities as of the 
May - June, 1994, timeframe. It is the goal 



of this project to present as much information 
as possible about ES&H vulnerabilities of 
plutonium at DOE sites in an unclassified 
form. Classified information will be 
presented in classified appendices to the 
various reports of this project. 

2.0 BACKGROUND 

President Clinton recefltly directed an . 
interagency working group to initiate a 
comprehensive review of long-term options 
for the disposition of surplus plutonium. This 
effort is part of a broader framework of the 
United States' efforts to prevent the 
proliferation of nuclear weapons. The 
Department of Energy plays a leading role in 
this initiative. On January 24, 1994, the 
Secretary of Energy initiated the  
Department-wide Nuclear Materials 
Disposition Project reporting directly to the 
Under Secretary (Reference 1). The project 
purpose is to develop options and 
recommendations and to direct 
implementation of decisions concerning the 
disposition of surplus fissile materials. 

To establish a foundation for decision 
making, the Nuclear Materials Disposition 
Project identified the need for a 
comprehensive assessment of the ES&H 
vulnerabilities of the DOE inventory of 
plutonium other than plutonium in intact 
nuclear weapons. The vulnerability 
assessment will provide an essential 
information base needed to identify interim 
corrective actions and options for the safe 
management of fissile materials. 

The Secretary has requested the Office of 
Environment, Safety and Health to assume 
the primary responsibility for conducting the 
ES&H vulnerability assessment of plutonium 
(Reference 2). This assessment covers the 
handling, processing, and storage of all 
isotopes and forms of plutonium, and will 
identify associated ES&H vulnerabilitiqs. 
Although EH is designated as the focal point 
for the vulnerability assessment, the 
Secretary has also directed the program 
offices, operations offices, and M&O 
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contractors to fully support and participate in 
the assessment process (Reference 3). 

In response to the Secretary's directive, the 
Assistant Secretary for Environment, Safety 
and Health will conduct the vulnerability 
assessments of plutonium in a manner 
similar to that of the recently completed 
Department-wide spent nuclear fuel ES&H 
vulnerability assessment (Reference 4). 

The Assistant Secretary for EH established 
the ' Plutonium ES&H Vulnerability 
Assessment Project, which has been 
structured to include the following elements: 

(1) Working Group 

(2) Support Group 
DOE-wide resource group 

Small group of near full-time 
personnel from the Working Group 
for project management and 
implementation 

Teams of M&O contractor & 
operations office personnel to 
conduct self-assessment of ES&H 
vulnerabilities for their own sites 

(4) Working Group Assessment Teams 
Teams for independent verification 

, and validation of ES&H 
vulnerabilities 

(3) Site Assessment Teams 

The composition and responsibilities of these 
elements are described in the following 
sections of this Project Plan. 

The first meeting of the Working Group was 
held in Gaithersburg, Maryland, on March 
28-30, 1994. 

3.0 PROJECT MANAGEMENT PLAN 

The following sections explain the approach 
to be followed to organize and execute the 
Plutonium ES&H Vulnerability Assessment 
Project. 

Page 2 



3.1 Overview of Project Management 

EH has drawn upon its recent experience 
with the spent nuclear fuel vulnerability 
assessment to organize this Plutonium 
ES&H Vulnerability Assessment Project. For 
the spent fuel study, the collaboration of 
appropriate DOE elements and involvement 
of the Defense Nuclear Facilities Safety 
Board (DNFSB) facilitated the project and 
ensured acceptance of the study’s results 
and recommendations by the entire DOE 
complex. This project will include 
involvement of the DNFSB, the Nuclear 
Regulatory ’ Commission, Environmental 
Protection Agency, National Academy of 
Sciences, International Atomic Energy 
Agency,  C o n g r e s s  and  S t a t e  
Representatives, and public interest groups. 

The!&bhg Group serves as the DOE-wide 
resource group. It consists of DOE 
Headquarters and operations office 
personnel and M&O contractor personnel 
with responsibility for plutoniim operations 
and storage facilities. It also includes 
independent expert consultants. The 
Working Group provides guidance to the 
project through Working Group meetings and 
reviews the assessment results, as outlined 
in later sections of this Project Plan. Other 
agencies and external stakeholders will be 
involved in the Working Group process. 

Due to the size of the Working Group, a 
small assembly of individuals serving as a 
subset of the Working Group, the SuDDort 
&up, will carry out implementation of the 
project under the guidance of senior DOE- 
EH management. The Support Group will be 
responsible for the preparation of drafts of* 
the various products required (Project Plan, 
Assessment Plan, Final Report, etc.); 
conduct Working Group meetings; conduct 
Working Group Assessment Team training 
and site visits; and othetwise run the daily . 
operations of the project. The areas of 
expertise represented in the Support Group 
include plutonium chemistry, metallurgy, 
processing and storage, health physics, 
nuclear safety, criticality, operations, 

04/25/94 

safeguards and security, training, and other 
disciplines essential to identifying and 
characterizing p l u t o n i u m  E S & H  
vulnerabilities. 

The key project planning documents are the 
Project Plan and the Assessment Plan. The 
Project Plan describes project objectives, 
scope, management, responsibilities, 
implementation approach, deliverables, 
milestones, and schedule. The Assessment 
Plan describes the methodology to assess 
ES&H vulnerabilities. The essential 
disciplines of those who will assess 
vulnerabilities, the types and locations of 
plutonium to be assessed, the characteristics 
important to vulnerability identification, and 
the process and guidelines to be used in 
characterizing and prioritizing vulnerabilities 
are defined in these plans. 

The following section identifies the roles of 
the Working Group, Site Assessment Teams, 
and Working Group Assessment Teams in 
managing this project. I 

3.2 Work Breakdown Structure 

Figure 3-1 , the Work Breakdown Structure, 
shows the division of this project into five 
chronological tasks. 

1: Planning 

The purpose of Task 1 is to organize and 
define the project. Each subtask is 
described as follows. 

. Prior to the first 1.a Pmject O r g m z a t m  
Working Group meeting, EH identified 
the disciplines needed in the Support 
Group, located and enlisted personnel 
with appropriate qualifications, and 
organized the Support Group meetings 
necessary to generate the Project Plan 
and Assessment Plan. 

. .  
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Figure 3-1 
PLUTONIUM ES&H VULNERABILITY ASSESSMENT PROJECT 

WORK BREAKDOWN STRUCTVRE 

Task 1 Task 2 
Planning Training w 

2.a Team 
membership 

2.b Team 
training 

c ‘1.a Project 
organization 

-1.b Plutonium 
characteristics 

-1 .c Planning 
meetings 

-1 .d Working Group 
organization 

-1 .e Facility dry 
runs 

-1 .f Team 
qualifications 

-1 .g Past 
experiences 

1.h First Working 

-1.i Project and 
Assessment Plans 

collection and 
Teams assessment 

4.b Vulnerability 

verification and 
4.c Prioritization 

of smaller sites 5.d Final report 



1.b Plutonium Characterlstlcs ' ' . Thesupport 
Group met to gather information on 
essential material characteristics of 
plutonium in all expected forms and to 
lay the groundwork for the project. 

1.c PlanninUzctmp ' . Thesupport Group 
developed drafts of the Project Plan and 
the Assessment Plan. . 

. The 1.d Working Group 0- 
Support Group communicated with DOE 
e lements  a n d  deve loped a 
comprehensive list of potential Working 
Group participants representing the 
CSOs, operations offices, M&O 
contractors, and expert consultants. 
Working Group designees and 
representatives of several external 
stakeholder organizations were invited to 
the first Working Group meeting, which 
was held on March 28-30, 1994. 

a .  

. Prior to the Working 1.e J3ahty Dry Rum 
Group meeting (March 28-30, 1994), 
small teams of the Support Group 
visited two DOE sites with large 
plutonium holdings to test a draft version 
of the Assessment Plan. 

.. 

. Members of the 1.f Team Quallflcatrons 
Support Group developed qualification 
requirements for Working Group 
Assessment  Team members  
(Attachment 3), including disciplines 
needed for the various teams. Lists of 
Working Group Assessment Team 
members have been developed after a 
review of qualifications of individuals 
who signed up to serve on these teams, 
other individuals from the DOE complex, 
and independent expert consultants 
needed for these teams. The list o f .  
Working Group Assessment Team 
members for each team is provided in 
Attachment 4. 

. .  . 

1 4  p- . The Support Group 
is currently collecting and reviewing 
historical occurrences involving 
plutonium processing, handling, and 

04/25/94 

1 .h 

1 .i 

operations from the Occurrence 
R e p o r t i n g  a n d  P r o c e s s i n g  
S y s t e m / S a f e t y  P e r f o r m a n c e  
Measurement System and other DOE 
records and reports. These occurrences 
will be compiled for use by the'working 
Group, Site Assessment Teams, and 
Working Group Assessment Teams. 
This compilation will provide a 
perspective of past problems with 
operations and storage of plutonium. 
The subtask also involves assembly of 
any existing vulnerability or risk studies 
of plutonium sites, facilities, operations 
or storage. 

First Working Group Meeting.. 
Participants in the first Working Group 
meeting were provided with drafts of 
Project Plan and Assessment Plan. 
These drafts were discussed at the 
Working Group meeting on March 28- 
30, 1994. After presentations on these 
plans to the entire Working Group, 
breakout groups conducted in-depth 
evaluations of the plans and made 
revisions. 

Project and Assessment Plans. The 
Support Group reviewed and 
incorporated all Working Group inputs 
into the Project Plan and Assessment 
Plan. These documents were then sent 
to all Working Group participants, DOE 
sites, and operations offices for a final 
review. Comments resulting from the 
final review have been incorporated as 
appropriate. 

3. Tr;uLlltls . .  

The purpose of Task 2 is to identify, select, 
enlist, and train Working 'Group Assessment 
Team members and Site Assessment Team 
leaders in the assessment process. 

2.a * . The Support Group 
will notify all team members: deliver 
training packages (Project Plan, 
Assessment Plan, and Question Set); 
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and establish the schedule and place of 
training. 

. All Working Group 
Assessment Team members and Site 
Assessment Team leaders will assemble 
for a 3-day training session, for "team 
building" and specific assessment 
process training. 

* .  2.b 

The purpose of Task 3 is to perform the 
assessments. 

3.a SXeAsesment Team Assessment. 
The Project and Assessment Plans will be 
sent to each site that has plutonium 
holdings. The site management hill 
assemble an appropriate Site Assessment 
Team consisting of DOE operations office 
and M&O contractor personnel. At the start 
of the Site Assessment Team work, the 
Working Group Assessment Team leaders 
will meet with the respective Site 
Assessment Team to review the scope and 
organization of the site assessment process. 
The Site Assessment Teams will complete 
the responses to the Question Set (which is 
part of the Assessment Methodology) and 
analyze their plutonium operations and 
storage for potential ES&H vulnerabilities. 
Electronic templates may be used for 
standardized reporting of question set 
responses and vulnerabilities. The Site 
Assessment Teams will complete their initial 
assessment ' by drafting Site Assessment 
Team reports (see outline in following 
column). 

ES&H vulnerabilities identified by the Site 
Assessment Teams are expected to be in a 
form that is sufficiently complete to allow the 
Working Group Assessment Teams to 
identify, validate, and organize vulnerabilities 
(Task 3.b) using the Vulnerability 
Assessment Process described in 
Attachment 5. The data from the Site 
Assessment Team Assessment will be 
entered into a data base using off-the-shelf 
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PC software and formats provided by the 
Support Group. 

Each Site Assessment Team will complete 
its report after the Working Group 
Assessment Team visits the site and 
reviews, verifies, and validates the site's draft 
report. 

and Validatm. Working 
3.b Workina Group Assessment Team 

Group Assessment Teams, having been 
trained under Task 2, will schedule 
visit@) to each site. The Site 
Assessment Team will present its draft 

. rep-ort to the Working Group 
Assessment Team which will review the 
draft report. Both teams will engage in 
discussions of the plutonium operations 

- and storage conditions and participate in 
a walkdown of the storage and 
operations facilities. The Working Group 
Assessment Team will review and 
prepare Vulnerability Assessment Forms 
and prepare a draft report (see outline 
below). These will be discussed with 

. .  
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the Site Assessment Team and site 
management during an exit meeting. 

3.c g . Some 
DOE sites have been identified as 
having small quantities of plutonium that 
are not in sealed-source forms. These 
sites will complete the 'Question Set 
from the Assessment Plan, but are not 
initially expected to be subject to a site 
visit. The length of responses and the 
level of detail for smaller sites should be 
commensurate with the quantity and 
form of materials, barrier/containment 
integrity, safety analyses and history, 
and the site's evaluation of potential 
ES&H vulnerabilities. The Support 
Group will review the responses and 
make determinations concerning the 
adequacy of the site response and the 
need for a site visit. Those DOE sites 
initially identified as having only out-of- 
scope material will be sent a letter 
asking that this ,information be 
confirmed. 

04/25/94 

k 4 :  Analysis 

The purpose of Task 4 is to compile the field 
data from Task 3, summarize and integrate 
the results, remove potential team bias, use 
consistent bases and terminology across all 
sites, characterize and prioritize potential 
ES&H vulnerabilities, and present the results 
to the Working Group. 

4.a Rat-. The Support Group 
and Working Group Assessment Team 
leaders will assemble all field data (Site 
Assessment Team reports, Working 
Group Assessment Team reports, 
Vulnerability Assessment Forms, self- 
assessment reports of sites not visited, 
historical data, prior studies, and the 
database) and prepare for the second 
Working Group meeting. 

, 

* .  . .  4.b Wnerabtlity Charactermtion and 
Summay. The Support Group and 
Working Group Assessment Team 
leaders will review all vulnerabilities to 
remove team bias (that is, tendencies of 
a team' to judge vulnerabilities either 
more or less severely than the average 
of all teams). Vulnerabilities will then be 
character ized using cons i s t en t  
terminology. 

The Support Group will develop and use 
a relational database to organize, store, 
analyze, and report data and information 
collected from the sites. The database 
will be created in standard, off-the-shelf 
PC software. Data and information will 
be extracted from the Site Assessment 
Team reports, Working Group 
Assessment Team reports, and 
Vulnerability Assessment Forms, and 
will be entered into the database 
following the site visits. 

' . The Support Group will 4.c Prioritlzatlan 
rank the vulnerabilities and provide 
narrative discussions of the rationale 
used. The results of prioritization will be 
presented and discussed at the Second 
Working Group meeting (4.d). 

. * .  
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4.d 3emnd Workin0 Group Meeting. 
Working Group Assessment Team 
leaders will present the results of each 
site visit. A Support Group member will 
present the results of the site 
assessments of all other plutonium sites 
not visited by teams. The Working 
Group will review the adequacy of the 
assessments and the ,vulnerability 
characterization and prioritization and 
identify individuals to prepare the report. 

5: R e m  

The purpose of Task 5 is to summarize and 
organize the results of .Task 4 and then draft 
the Plutonium ES&H Vulnerability 
Assessment Report. 

5.a Data Collection and Or gmkath. The 
Support Group will prepare the results of 
Task 4 in suitable forms for 
communication (i.e., bar charts, pie 
charts, text boxes, other graphics, and 
narratives). 

. The Support Group 5.b Report W r i w  
(assisted by other Working Group 
members and expert consultants) will 
assemble the draft final report using the 
outline shown below. 

.. 
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. A draft of the 5.c Daft Fkport Oistrlbutlon 
final report and results will be sent to 
Working Group participants for review 

. .  

, and comment. 

5.d . The Support Group will 
revise the draft final report to resolve 
comments and will issue the final report 
of the Plutonium ES&H Vulnerability 
Assessment Project. 

. EH and the 5.e Management R r m  
Support Group will conduct briefings for 
DOE managers, as appropriate. 

. .  

3.3 Responsibilities 

The responsibilities for this project have 
been divided among four elements, as 
described below. 

1. 

2. 

3. 

The Working Group is a DOE-wide 
group of designated Headquarters, 
operations offices, and M&O contractor 
personnel and expert consultants. The 
Working Group guides the conduct of 
the project, including review of the draft 
planning documents, the vulnerability 
assessments, the vulnerability 
prioritization, and the final report. 

The Support Group is a subset of the 
Working Group. The Support Group is 
responsible for preparing drafts of the 
planning documents, conducting the 
day-to-day operations of the project, 
and preparing the draft final report. 

The Site Assessment Teams consist of 
M&O contractor and DOE operations 
off ice personnel. The Site Assessment 
Teams are responsible for performing 
site assessments, responding to the 
questions provided by the .Working 
Group in the Assessment Plan, 
presenting this information to the 
Working Group Assessment Teams, 
assisting in the identification and 
characterization of plutonium ' holdings 
and vulnerabilities at the site, and 
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preparing the Site Assessment Team 
self-assessment reports. 

4. The Working Group Assessment Teams 
consist of technical experts from the 
Working Group and additional expert 
consultants. The Working Group 
Assessment Teams are responsible for 
verification and validation of information 
in the Site Assessment Team reports, 
independent assessment of ES&H 
vulnerabilities, and preparation of the 
Working Group Assessment Team 
reports. 

Figure 3-2 is provided to assist readers in 
understanding the relationships of these 
elements. 

3.4 Classified Information Security 

A goal of this project is to present as much 
information as possible for each site in an 
unclassified form. Some information for 
some sites is currently classified. If it is 
necessary to present such information, it will 
be contained in classified appendices or 
attachments to the reports. The handling of 
c lass i f ied informat ion and s i te  
accommodation for classified work are 
described in Attachment 6. 

The Working Group' meetings are 
unclassified, and no discussion or 
presentation will disclose or reveal classified 
information. 

3.5 Schedule 

The project schedule is shown in Figure 3-3. 
While this schedule is firm, changes will be 
considered on a case-by-case basis only. 

The respective Working Group Assessment 
Team leaders and Support Group staff will 
attend the start of the Site Assessment 
Team work at each site to review the scope 
and methodology of the project. For each 
site, the Site Assessment Team report (Task 
3.a) is due in draft form 1 week before the 
start of the Working Group Assessment 
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Team visit for preliminary review by Working 
Group Assessment Team members. 

3.6 Department Coordination 

The DOE Working Group process is a 
crosscutting approach for identifying issues 
important to the entire Department complex. 
It is based on the principle of mutual 
cooperation among multiple DOE 
Headquarters program and operations 
offices, M&O contractors, national 
laboratories, expert consultants, and external 
stakeholder representatives. It requires 
significant senior management attention, 
commitment from responsible DOE and M&O 
organizations, and an openness to share 
information. 

The Working Group process is committed to 
identifying and assessing weaknesses and 
vulnerabilities at DOE sites, which will 
provide the basis for'corrective actions. The 
Working Group process also demonstrates 
that the Department can marshal 
tremendous technical expertise when its 
elements work together as a team, and that 
it is possible to rapidly assemble valuable 
and credible information in a manner that is 
useful to decision makers and the public. 

At specific project stages, program off ice 
Directors and other senior Departmental staff 
will be briefed by Support Group and 
management representatives. This will 
minimize "surprises" and will facilitate ' the 
formulation of action plans by the program 
off ices responsible for corrective action. This 
Project Plan includes provisions for this level 
of communication and briefing. 

One of the goals of this project is to involve 
external stakeholders. These groups include 
other government agencies, the Congress, 
the states, and public interest groups. In 
accordance with DOE policy and the desire 
for a consistent approach, DOE will provide 
guidelines for stakeholder involvement and 
participation during the course of this project. 
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Act  lvlt 10s 

Scop Meeting 
2115-2/17 

Prepare Draft b 3E3 
-Project Plan 
.Assessment Plan 
.Training Pian (Pild Discussions) 
Wwklna Qroup Meeting - .  

3 R 8 - W  
Ihsue: 4/15 
.Project Plan 
.Assessment Plan 
'Training Package 
ream Training 

4/18 - 4/22 
-0s Alamos Trainlng 

Site Reports (See Sec. 3.5 for Site 
hssessmenl Team Work and Report 
Schedule Requirement) 

3uestlon Set Responses ty Sies not 
nitially scheduled for visit 
Site Visit and Assessment Reports: 
Team 1: NBUANL-E (5/16 - W3) 

Team2 LLNVLBL (5/16-6/3) 

Team3 MD(5/16-613) 
ORNL (6/13 - 7/1) 

Team4 PX (5I31 -7/1) 

Team 5: RF (kit31 - 7/1) 

Team 6 LANL (a6 - 7/1) 

Team 7: SR (5/31-7/1) 

Team 8: RL (W6 - 7/1) 

Team 9: ANL-W/ INEL (5/23 - 6/13) 
SNL (5/13-7/1) 

/ulnerabililies Result and Prioritization 
dealing - Support Grouflearn 
.eadem (7/11 - 8/12) 

IraR Report Preparatim 

Norking Group Meeting 

Summary Final Report Prepration 

/d. I1 & 111 (7E5 - &22) 

(W3 - 8/25) 

(8E6 - Q/5) 
3eview by Sites and DOE 
(9/7 - 911 6) 
'inal Report (9119 - QnO) 
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Figure 3-3 
Plutonium ES&H Vulnerability Assessment Project Schedule 
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AlTACHMENT 1: Proiect ScoDe 

To establish a foundation for decision 
making regarding the safe management of 
its plutonium, DOE needs a comprehensive 
understanding of the environment, safety, 
and health issues surrounding its entire 
inventory of plutonium outside of intact 
nuclear weapons.. While not all plutonium in 
storage is surplus, this vulnerability 
assessment will serve as the information 
base to support the larger Nuclear Materials 
Disposition Project, which is mandated to 
develop options, make recommendations, 
and implement decisions for the safe 
management of surplus fissile materials. 

DOE Plutonium 

Table A-1 summarizes project scope in 
terms of general plutonium categories held 
by DOE. In this context, the term 
"plutonium" includes all isotopes of plutonium 
and the isotopes of other transuranic 
elements, such as Americium, Curium, 
Neptunium or Californium, or U-233 as a 
decay product that are co-mingled (i.e., 
intermixed or in-grown) or co-located with 
plutonium materials in the same facility. 
Pu-238 and Pu-239 have substantially 
different properties, for example, a different 
spectrum of hazards. Distinctions will be 
made, as necessary, when identifying 
associated ES&H vulnerabilities. The 
"Remarks" column of Table A-1 either 
clarifies what is included in the stated 
"Category" or justifies why a category is out 
of scope. 

By Secretarial directive, intact nuclear 
weapons (and therefore nuclear explosive 
assemblies) are excluded from the scope of 
this Project. 

Very low-irradiated reactor fuel containing 
plutonium was assessed as part of the DOE 
Spent Fuel Working Group project in late 
1993. However, this fuel was not assessed 
for plutonium ES&H vulnerabilities, so it is 
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included in the scope of this assessment. 
Other irradiated fuel covered in the spent 
fuel assessment is excluded here. 
Unirradiated plutonium-bearing fuel is 
included in this assessment. 

Exclusion of Plutonium Mot in DOE 
Custody 

DoD-controlled plutonium materials are 
outside the scope of this project. A very 
small fraction of plutonium (outside of spent 
fuel) is in the custody of licensees of the 
Nuclear Regulatory Commission or 
"agreement states." Much of this material is 
in the form of sealed sources. The ES&H 
responsibility for such plutonium rests with 
the licensee, with oversight by the NRC or 
the agreement state. Plutonium is also in 
the custody of government agencies, such 
as NIST, EPA, and the military, and is held 
under an NRC license. These plutonium 
materials are excluded from the scope of this 
project. 

Other Scope Considerations 

This project will evaluate Department of 
Energy sites possessing plutonium. These 
sites are listed in Attachment 2. Based on 
the initial estimates of plutonium holdings 
and the forms and conditions of these 
materials, a subset of the DOE sites has 
been selected by the Support Group for 
Working Group Assessment Team site visits. 
These sites are listed in the box on the 
following page. 

All sites having plutonium in scope as 
defined in Table A-1 will undertake the self- 
assessment process, respond . to the 
Question Set, and prepare a draft Site 
Assessment Team report. Sites other than 
those initially selected may warrant a site 
visit, based on the vulnerability self- 
assessment in the Site Assessment Team 
report. The Support Group and DOE 
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management will review these sites on a 
case-by-case .basis. Sites initially identified 
as having only out-of-scope plutonium as 
defined in Table A-1 will be asked to confirm 
that information. , .  

Safeguards and security are not considered 
to be within the project scope except to the 
extent that they might' affect ES&H 
vulnerabilities. 

Waste 

There are three categories of waste 
materials that may. bntain plutonium: 

High-level Waste, 
Low-level Waste, and 
Transuranic Waste. 

The vulnerability assessment of waste 
materials will differ considerably from the 
assessment of bulk plutonium due to +the, 
waste's, chemical and physical forms, 
dilution, packaging, confinement, etc. 
Further, these waste forms are the subject of 
other DOE programs, including analysis and 
characterization, disposal, and packaging. 
From the perspective of weapon usable 
material, waste contains very small amounts 
of fissile material in very dilute and 
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nonrecoverable forms. For these reasons, 
the categories of high-level waste, low-level 
waste, and transuranic waste, as described 
in Table A-1 , are excluded from the scope of 
this project, unless these materials are co- 
located in the plutonium facilities that are 
subject to this assessment. 

. - . -  
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Table A-1 
Plutonium Categories 

a I I 
Category 

Process hold-up Category includes Pu in ventilation systems, 
process vessels, piping, materials removed from 
the Nuclear Material Management and Safeguards 
Svstem (NMMSSL etc. 

Metal In Category also includes alloys 
Oxide In Category includes mixed oxides with other 

Very low irradiated and unirradiated In Category includes ZPPR fuel 
reactor fuel, targets 

Weapons components, pits In Category includes weapons components in DOE 

actinides 

custody 
~ ~~~ ~~ 

Scrap/residues/compounds In Category includes Pu nitride, Pu carbides, slag 

Solutions In Category includes producthesidue solutions, lab 

and crucibles, ash, graphite, etc. 

samples, etc. 
Sealed sources in DOE custody 
High-level waste Out Category includes calcined and liquid material 

TRU & low-level wastes 

In Category includes all sealed sources 

meeting DOE Waste Management Definition 
Category includes material packaged and declared 
LLW or TRU waste and material in burial sites. 
However, LLW or TRU co-located in plutonium 
facilities subject to this assessment are in-scope 

Category out-of-scope; other DOE programs are 

Category out-of-scope; other DOE programs are 
addressing this material 
Category out-of-scope; the licensee has ES&H 

This category was covered in the spent nuclear 
fuel vulnerability assessment 

Out 

Materials in facilities accepted for 
D&D by EM addressing this material . 

Materials in areas subject to funded 
environmental restoration programs 
Materials in NRC or agreement 
state licensee custody responsibility 

Irradiated spent fuel and targets 

Out 

Out 

Out 

Out 

Category includes undetermined areas/locations, lout I unrecognizable forms 
Expended in nuclear device tests 

I 

Intact nuclear weapons and nuclear 
explosive assemblies in DOE 
Custody 11 Out 1 Secretarial charter specifies this category out-of- 

scope 



A7TACHMENT 2: DOE Site List 

The following table lists DOE sites 
possessing plutonium and the Operations 
Offices corresponding to those sites (shown 
in bold). This list was prepared based on 
information contained' in the Nuclear Material 
Management ' and Safeguards System 
(NMMSS) database, and confirmation by 
telephone with the respective sites. 

Based on the kind, quantity, form or 
configuration of the plutonium possessed, 
and the potential for ES&H vulnerabilities, 
several sites have been identified by the 
Support Group to require a Site Assessment 
Team report and a Working Group 
Assessment Team visit. 

Other listed sites are believed to possess 
either out-of-scope plutonium, or plutonium 
having a lower potential for ES&H 
vulnerabilities, for example, sites possessing 
sealed sources, only. Operations off ices will 
identify any additional sites which hold 
plutonium. The Support Group will provide 
copies of the Project Plan and Assessment 
Plan to such sites and request the sites to 
provide responses to the Question Set for 
each facility possessing plutonium. 

Facilities that complete Question Set 
questions Q-1 and Q-2 and determine that 
all their plutonium is out-of-scope, as 
defined in Table A-1 , may return the partially 
completed Question Set to the Support 
Group. Sites with several facilities 
containing out-of-scope plutonium may 
prepare a consolidated list of such facilities 
and provide a brief description of the out-of- 
scope plutonium materials and the gross 
quantities of plutonium contained therein. 
Facilities that complete Question Set 
questions Q-1 and Q-2 and determine that 
their plutonium is in-scope, must complete 
the entire Question Set and return the 
response to the Support Group. Responses 
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are due to the Support Group by May 30, 
1994. 

Question Set responses will be reviewed by 
the Support Group to confirm in-scope/out- 
of-scope determinations, the potential for 
ES&H vulnerabilities, or the need for a Site 
Assessment Team report and a Working 
Group Assessment Team visit. Adjustments 
to the level of assessment will be identified 
by the Support Group on a site by site basis, 
as necessary. 
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Q-Set 8t 
visit 

Albuquerque 
Los Alamos National Laboratory J 
Sandia National Laboratories, Albuquerque J 
Sandia National Laboratories, California 
EG&G Mound Applied Technologies, Inc. J 
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Q-Set 

J 
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Westinghouse Hanford, Defense Operations 

Battelle Memorial Institute, Pacific NW Laboratory 

Idaho 

EG&G Idaho, Inc., INEL 

West valley Demonstration Project 

Westinghouse Idaho Nuclear Co., ICPP 

Schenectady 
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Q-Set & Q-Set 
Visit 

J 
J 

J 
J 
J 

3 

EG&G Rocky Flats 

Pittsburgh Naval Reactors Off ice 

B&W Naval Nuclear Fuels 

Westinghouse, Bettis Atomic Power Laboratory ~ 

Westinghouse, Bettis Atomic Power, Idaho 

Pittsburgh 
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AlTACHMENT 3: Assessment Team Member Qualification Criteria 

The criteria presented 
selecting members of 
Teams and Working 
Teams. 

here will be used for 
the Site Assessment 
Group Assessment 

Assessment Teams 
(M&O contractor and operations office 
personnel) 

Best knowledge in: 
0 Operations, maintenance, radiological 

protection, occupational safety and 
health, process safety management, 
configuration management associated 
with plutonium, and plutonium storage 
and operations 

0 Site or lab inventory of plutonium 
materials 

0 Operations and storage facilities' 
authorization, safety, and operational 
bases 

Group A s s e s a m  
(Selected Working Group members, 
DOE staff, and expert consultants) 

Specialized knowledge in: 
a Plutonium chemistry and processing 
0 Plutonium storage 
0 Storage designs and analysis 
0 Safety systems design and analysis 
0 Seismic and structural analysis 
0 Criticality safety 
0 Natural phenomena hazard analysis 
0 Corrosion and aging analyses 
0 Accident analysis 
0 Vulnerability analysis 
0 National, international, industry, and 

government standards on plutonium 
storage and handling 

0 Plutonium transportation and hazards 
analysis 

0 Field experience with the above 
technical issues 

0 Health physics 

0 Accident and risk analyses 

a Limiting conditions for operation and 
administrative controls 

0 Operational history and occurrences 

a Operations and storage facilities' ES&H 
considerations, including: 
- design basis, including natural 

phenomena hazard considerations 
- conditions of plutonium materials 

and associated confinements, 
safety systems, and structures - accident prevention and mitigation 

- aging-related degradation 
- other related technical information 
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ATTACHMENT 4: Working Group Assessment Teams 

Attachment 4 is a tentative list of team members as of April 25, 1994. 

hBM ## 1 Argonne National Laboratory-East (ANL-E) 
New Brunswick Laboratory (NBL) 

Draft Site Assessment Team Report- . May 16, 1994 
Working Group Assessment Team Site Visit- May 23, 1994 

June 3,1994 Site Assessment Team Report- 
Draft Working Group Assessment Team Report- June 3, 1994 

I 

Pete Rodrick, DOUEH-14, Team Leader 303-966-5973, 303-966-7890 F 
Burt Rothleder, DOE/EH-64, Deputy Team Leader 301 -903-3726, 301 -903-9523 F 
John Walden, Independent Consultant, 51 0-443-2057 [Pu Techno/ogy, Process Safety] 
Billy Lee, Battelle, 61 4-424-4064, 61 4-424-3404 F [Crifica/iM 
Bert Wheeler, INEL, 208-522-5732, 208-522-5732 F [Operafions Maintenance] 
Henry Peterson, INEL, 208-526-8657, 208-526-9982 F [Healfh Physics] 
Clinton Bastin, DOE/NE, 301 -903-5259, 301 -903-341 9 F [Safety Ana/ysis] 
Bruce Moran, ORNUMM, 61 5-576-8269, 61 5-574-51 69 F [Safeguards Securifyj 

ANL-E: 

NBL: 

Ray Wolson, 708-252-4471, 708-252-7433 F 
Steve Ludwig, 708-252-2233, 708-252-2361 F 
Margaret Lachman, 708-252-2492, 708-252-6256 F 

Gro-Assessment T F  - 
- Julie Sellers, INEL, 208-526-8263, 208-526-2930 F [Adminisfrafive Suppofl 
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IEAM ## 2 Lawrence Livermore National Laboratory (LLNL) 
Lawrence Berkeley Laboratory (LBL) 

Draft Site Assessment Team Report- May 16, 1994 ’. 
Working Group Assessment Team Site Visit- May 23, 1994 
Site Assessment Team Report- . June 3, 1994 
Draft Working Group Assessment Team Report- June 3, 1994 

- 
t 

- 
- 
- 
- 
- 
- 
- 
- 
- 

Marty Seitz, DOUEM-64, Team Leader 301 2427-1 564, 301 -427-1 839 F 
Lisa Chan, DOUDP-40, Deputy Team Leader 202-586-9637, 202-586-1 21 7 F 
Jack Ryan, PDI, 509-376-3566, 509-376-3861 F [Pu Technology, Process Safety] 
Rick Stachowiak, ORNVMM, 61 5-574-9979, 61 5-241 -2023 F [CriticaliM 
Dan Guzy, DOUEH-12, 301 -903-2428, 301 -903-2329 F [Seismic] 
Diane Durban, WHC/DP-22,301-903-2992, 301 -903-5821 F [Operations Maintenance] 
Robert Jones, DOEIDP-24, 301 -903-451 5, 301 -903-9471 F [Operations Maintenance] 
Bryce Rich, EG&G, 208-523-8025, 208-523-8247 F [Health Physics] 
Calvin Lai, DOUEH-12, 301 -903-6357, 301 -903-2329 F [Safefy Analysis] 
Obie Amacker, PNL, 509.1372-41 33, 509-372-4431 F [Safeguards Security] 

Site Contact - LLNL: Brent Ives, 51 0-423-2636, 51 0-423-1 685 F 
Dawn Wechsler, 51 0-422-2547, 51 0-422-2832 F 

LBL: Ted de Castro, 51 0-486-5256, 51 0-486-7304 F 
Ken Rivera, 51 0-486-6343, 51 0-486-471 0 F 

Workhg GroupAssessmentTeam Coordinator - ’ 

- 
I ‘  

Colleen Yelle, Scientech, 301 -428-9583, 301 -428-31 04 F [Adminisfrafive Suppoq 
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IEAM #3 Mound 

Draft Site Assessment Team Report- 
Working Group Assessment Team Site Visit- 
Site Assessment Team Report- 
Draft Working Group Assessment Team Report- 

Oak Ridge National Laboratory (ORNL) 

Draft Site Assessment Team Report- 
Working Group Assessment Team Site Visit- 
Site Assessment Team Report- 
Draft Working Group Assessment Team Report- 

May 16, 1994 
May 23, 1994 
June 3, 1994 
June 3, 1994 

June 13, 1994 
June 20, 1994 
July 1, 1994 
July 1, 1994 

Allen Gunter, DOUSR, Team Leader 803-952-4536, 803-952-4002 F 
Richard W. Miller, INEL, Deputy Team Leader 208-526-9956, 208-526-2930 F 
Ron Borisch, WHC, 509-372-3382, 509-372-3402 F [Pu Technology, Process Safeefyl 
Michael Todosow, BNL, 51 6-282-2445, 51 6-282-7650 F [CrificaliM 
William White, DOUDP-22, 301 -903-5522, 301 -903-5621 F [Operafions Maintenance] 
James Shuler, DOE/DP-9, 301 -903-5513, 301 -903-6623 F [Health Physics] 
Joe Saloio, OGDEN, 505-881 -9228, 505-881 -9357 F [Safefy Analysis] 
Robert Marshall, OGDEN, 303-843-621 0, 303-843-621 5 F [Safeguards Securitu] 

Con- - Mound: Wayne Amos, 51 3-865-3058, 51 3-865-3485 F 
Tim Fraser, 51 3-865-3748, 51 3-865-421 9 F 
Calvin Hopper, 61 5-576-861 7, 61 5-576-351 3 F 
Garland Prow, 61 5-576-9293, 61 5-576-781 3 F 

ORNL: 

Group As-t Team Coor- - 
- . Paula Olson, INEL, 208-526-2287, 208-526-2930 F [Adminisfrafive Suppofl 
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iEAM # 4  Pantex 

Draft Site Assessment Team Report- 
Working Group Assessment Team Site Visit- 
Site Assessment Team Report- 
Draft Working Group Assessment Team Report- 

June 6,1994 
June 13, 1994 
July 1, 1994 
July 1, 1994 

Dave Templeton, DOURL, Team Leader 509-373-2966, 509-373-0695 F 
Herb Berman, Scientech, Deputy Team Leader 303-278-4338, 303-278-0092 F 
Chuck Goergen,WSRC/DP-22,301-903-2753,301-903-5821 F [Pu Technology, Process 
Safety] 
Jor-shan Choi, LLNL, 51 0-423-8032, 51 0-423-2854 F [Criticalifyl 
Richard Rahl, INEL, 208-526-0371, 208-526-6974 F [Seismic) 
Leo Defferding, PNL, 509-372-41 70, 509-372-441 1 F [Operations Maintenance] 
Laverne Dingman, LATO-RFO, 303-966-4080, 303-966-4993 F [Operations 
Maintenance] 
Wayne Britz, Battelle, 301 -320-31 10, 301 -320-6379 F [Healfh Physics] 
Lee Hyder, WSRC, 803-644-5424, 803-644-5051 F [Safefy Analysis] 
David Bennett, SNL, 301 -428-9583, 301 -428-31 04 F [Safeguards Security] 

Pantex: Robb Wright, 806-477-6299, 806-477-6298 F 
Hector Chavez, 806-477-31 48, 806-477-31 41 F 
Steven S. Payne, 505-845-6300, 505-845-6431 F 

Group Assessment Tern Coordinator - 
- Jan Ulrich, INEL 208-526-7909, 208-526-791 0 F [Administrative Suppofl 
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EAMAL5 Rocky Flats 

Draft Site Assessment Team Report- 
Working Group Assessment Team Site Visit- 
Site Assessment Team Report- 
Draft Working Group Assessment Team Report- 

June 6, 1994 
June 13, 1994 
July 1, 1994 
July 1, 1994 

Charles Gilbert, DOUDP-9, Team Leader 301 -903-501 2, 301 -903-6623 F , 

Rowland Felt, WINCO, Deputy Team Leader 208-526-3409, 208-526-0665 F 
Bob Hanvey, Sonalyst, 803-641 -6705, 803-641 -4886 F [Pu Technology, Process Safeetu] 
Mark Bronson, LLNL, 51 0-422-3061, 51 0-422-31 65 F [Pu Technology, Process SafeM 
Hans Ludewig,: BNL, 51 6-282-2624, 51 6-282-5730 F [CriticaliM 
Hans Dahlke, INEL, 208-526-9777, 208-526-6974 F [Seismic] 
Clyde Alley, Mason & Hanger, 806-378-1 543,806-378-1 529 F -[Opemtions Maintenance] 
Pat Ward, Scientech, 301 -428-9583, 301 -428-31 04 F [Operations Maintenance] 
Tracy Ikenberry, PNL, 509-375-2338, 509-375-6943 F [Health Physics] 
Peter Cybulskis, PNL, 61 4-424-7509, 61 4-424-3404 F [Safety Analysis] 
Larry Forsythe, DOUNE, 301 -903-461 0, 301 -903-4765 F [Safety Analysis] 
Jack McClure, OGDEN, 303-843-621 0, 303-843-621 5 F [Safeguards Securia 
Venkataraman Pasupathi, Battelle/OR, 61 5-220-401 9, 61 5-482-7964 F [Waste] 

e Con- - Rocky Flats: Jeff Kerridge, 303-966-2648, 303-966-5857 F 
Steven Browdy, 303-966-771 9, 303-966-5706 F 

Group Asses- Coordinator_ - 
- Debby Myler, INEL, 208-526-1 441, 208-526-2930 F [Administrative Suppofl 
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I E A M  # 6 Los Alamos National Laboratory (LANL) 

Draft Site Assessment Team Report- 
Working Group Assessment Team Site Visit- 
Site Assessment Team Report- 
Draft Working Group Assessment Team Report- 

June 6, 1994 
June 13, 1994 
July 1, 1994 
July 1, 1994 

Fred Witmer, DOWDP-35, Team Leader 301 -903-501 2, 301 -903-6623 F 
Harold Burton, Scientech, Deputy Team Leader 301 -428-9583, 301 -428-31 04 F 
Don Chung, Scientech, 301 -428-9583,301-428-3104 F [Pu Technology] Process Safety] 
Jack Ryan, PDI, 509-376-3566, 509-376-3861 F [Pu Technology, Process Safefyj 
Ronald Knief, OGDEN, 505-881 -9228, 505-881 -9357 F [Crificalifyl 
Greg Miller, INEL, 208-526-5626, 208-526-6974 F [Seismic] 
George Reddick, WHC, 509-376-2307, 509-376-7382 F [Operafions Maintenance] 
Charlie Jones, Scientech, 301 -468-6425, 301 -428-31 04 F [Operafions Maintenance] 
Jeff Kotsch, Scientech, 301 -468-6425, 301 -468-0883 F [Health Physics] 
Dick Chitwood, DOE/NE, 301 -903-5254, 301 -903-5434 F [Safety Analysis] 
Greg Rasmussen, INEL, 208-526-231 9, 208-526-2930 F [Safeguards Securiful 
Jay Davis, INEL, 208-526-1 348, 208-526-7840 F [Wasfe] 

Site C o m  - LANL: K. Pillay, 505-667-2556, 505-667-7966 F 
Patricia Berglund, 505-665-5049, 505-665-4504 F 
Steven S. Payne, 505-845-6300, 505-845-6431 F 

Workha Group A s s e s m t  Tern C o o r d i m  - 
JaNae Shanahan, INEL, 208-526-7903, 208-526-791 0 F [Adminisfrafive SuppodJ 
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Savannah River Site (SRS) 

Draft Site Assessment Team Report- 
Working Group Assessment Team Site Visit- 
Site Assessment Team Report- 
Draft Working Group Assessment Team Report- 

- 

June 6, 1994 
June 13, 1994 
July 1, 1994 
July 1, 1994 

Mike Zamorski, DOE/AL, Team Leader 505-845-4094, 505-845-6867 F 
AI Williams, SAIC, Deputy Team Leader 301 -353-8228, 301 -428-0145 F 
Dave Horrell, LANL, 505-665-7630, 505-665-8002 F [Pu Technology, Process Safefyj 
Beth Conrad, MH Chew/FtF-DOE, 303-966-3007, 303-966-8053 F [Pu Technology, 
Process Safetyj 
Chet Everline, Scientech, 61 9-755-4535, 61 9-755-4336 F [CriticaliM 
Roger Brewer, LANL, 505-667-7752, 505-665-4970 F [Criticalityl 
Mark Russell, INEL, 208-526-1 608, 208-526-6974 F [Seismic] 
Larry Leach, Scientech, 208-523-9552, 208-523-9380 F [Operations Maintenance] 
William Zielenbach, Battelle, 61 4-424-5466, 61 4-424-3954 F [Operations Maintenance] 
James Durham, PNL, 509-375-2705, 509-375-6936 F [Health Physics] 
Charles Bell, LANL, 505-667-9402, 505-665-4322 F [Safety Analysis] 
William Hogle, PNL, 301 -846-4269, 301 -846-4269 F [Safety Analysis] 
Richard Cross, PNL, 509-372-4472, 509-372-4487 F [Safeguards Securityj 
Danny Smith, Scientech, 202-488-1 464, 202-488-1 964 F [Waste] 

Savannah River: Edward Moore, 803-725-2603, 803-725-2978 F 
Don Bridges, 803-725-5530, 803-725-1 372 F 

Group Assessment Te;lm Coordinatnr - 
Barbara Kneece, Asta Engineering, 301 -428-9583, 301 -428-31 04 F [Administrative 
SUPPOrq 
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IEAM # 8 Richland (RL) 

Draft Site Assessment Team Report- 
Working Group Assessment Team Site Visit- 
Site Assessment Team Report- 
Draft Working Group Assessment Team Report- 

June 6, 1994 
June 13, 1994 
July 1 ,‘I 994 
July 1, 1994 

William Rask, DOURF, Team Leader 303-966-2648, 303-966-5857 F 
Tony Muscatello, LATO/RF, Deputy Team Leader 303-966-5994, 303-966-4933 F 
George Raymond, Lamb Associates, 505-881 -31 96, 505-884-7689 F [Pu Technology, 
Process Safefyj 
Dimitrios Cokinos, BNL, 51 6-282-21 46 [Criticality] 
Alam Mozumder, DOUDP-35, 301 -903-4287, 301 -903-6623, F [Seismic] 
Barry Cochran, DOUOR, 61 5-576-4296, 61 5-576-781 3 F [Operations Maintenance] 
Nazir Khalil, DOUSR, 803-725-9855, 803-725-1 372 F [Operations Maintenance] 
Sam Aoki, INEL, 208-526-0583, 208-526-6249 F, [Healfh Physics] 
Peter Kohut, BNL, 51 6-282-4982, 51 6-282-5730 F [Safety Analysis] 
Dick Sutton, OGDEN, 303-935-6505, 303-935-6575 F [Safeguards Securifyj 
George Becker, WSRC, 803-725-551 6, 803-725-2978 F [Waste] 

Site Cor&& Lou uillen, 509-376-4762, 509-376-0695 F - Richland: 
Rich F Szempruch, 509-373-1 468, 509-373-4274 F 
Deborah Dickman, 509-372-4432, 509-372-4431 F 

Gro-- Coordinator - 
1 ,  

- Freadie Frost, EG&G, 301 -81 6-7789, 301 -81 6-7767 F [Administrative Suppofl 

‘ .  . .  , 
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m# 9 ANL-W/INEL 

Draft Site Assessment Team Report- 
Working Group Assessment Team Site Visit- 
Site Assessment Team Report- 
Draft Working Group Assessment Team Report- 

SNL 

Draft Site Assessment Team Report- 
Working Group Assessment Team Site Visit- 
Site Assessment Team Report- 
Draft Working Group Assessment Team Report- 

May 23, 1994 
May 30, 1994 
June 6, 1994 
June 6,1994 

June 13, 1994 
June 20, 1994 
June 27, 1994 
June 27, 1994 

Tom Hull, DOUEH-11, Team Leader 301 -428-9583, 301 -428-31 04 F 
Milton Haas, WHC/EM-60, Deputy Team Leader 202-484-0903, 202-484-0875 F 
Richard Davis, BNL, 51 6-282-4950, 51 6-282-5730 F [Pu Technology, Process Safety] 
Andrew Pritchard, Battelle/PNL, 509-376-8590, 509-372-441 1 F [CritkaliM 
Merle Jackson, WINCO, 208-526-5263, 208-526-1 372 F [Operations Maintenance] 
Ray Cooperstein, DOUDP-22, 301 -903-5353, 301 -903-5821 F [Operations 
Main f enance] 
Carl Cooper, INEL, 208-526-91 83, 208-526-2930 F [Safety Analysis] 
James Nations, MM/OR, 61 5-576-2445, 61 5-576-51 69 F [Safeguards SecuriM 
Casper Sun, BNL, 51 6-282-3469, 51 6-282-581 0 F [Health Physics] 

9 corn - ANL-W: 

SNL: 

INEL: 

Doug Crawford, 208-533-7456, 208-533-7863 F 
Ernie Hughes, 208-533-7446, 208-533-7422 F 
Terri Lovato, 505-845-8791, 505-845-8952 F 
Jon Peschong, 508-845-4687, 508-845-4671 F 
Steven S. Payne, 505-845-6300, 505-845-6431 F 
Darrell Hinckley, 208-526-01 73, 208-526-1 148 F 

Group Asses- - 
Cindie Jensen, INEL, 208-526-91 44, 208-526-2930 F [Administrative Suppofl 
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AlTACHMENT 5: Vulnerabilitv Assessment Process 

The vulnerability assessment process shown 
in Figure A-1 examines materials at risk, the 
packaging and barriers used to protect the 
materials, adverse conditions/events that can 
lead to containment or barrier failure, 
compensatory measures that can prevent or 
mitigate the effects of releases or exposures, 
and finally the impact or consequences on 
the worker, the public, and the environment. 
Information will be gathered by several 
methods, including the following: 

(1) Site response to the Question Set for 
each category of information, 

(2) Facility walkdowns, and 
(3) Tabletop discussions based on 

issues stemming from the site 
response and walkdowns. 

Inventory and material information consists 
of both inventory validations and a review of 
material characteristics associated with each 
form of plutonium currently onsite. 
Information for physical barriers will also be 
collected. Adverse conditions resulting in 
internal and external events (natural and 
humanmade) and compensatory measures 
and plans will be examined to determine the 
consequences on the worker, the public, and 
the environment. 

The methodology is a qualitative approach 
that relies on the experience and expertise of 
the Site Assessment Teams in making 
judgments regarding the likelihood and 
severity of containment or barrier failures, 
relevant historical experience, and the 
frequency of adverse events/conditions. The 
implications or consequences of those 
events are then determined. The Question 
Set is geared toward collecting the 
necessary data on materials, barriers, and 
adverse conditions. The Site Assessment 
Teams are also being asked to use the 
Question Set to identify consequences and 
vulnerabilities. Both Site and Working Group 

04/25/94 

Assessment Teams will then use historical 
data, tabletop discussion topics, and the 
Question Set answers to review and develop 
a comprehensive understanding of the 
consequences and potential vulnerabilities 
resulting from current plutonium storage and 
handling operations. Vulnerabilities identified 
as a result of this process will be 
documented on Vulnerability Assessment 
Forms. 

The Working Group Assessment Plan 
contains a more detailed explanation of the 
methodology and implementing procedures 
for conducting this assessment. 

Page A5 - 1 



Question 1 
Facility 

Figure A l l  
ES&H VULNERABILITY ASSESSMENT APPROACH 

Question 2 

Holdings and 

7 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

Glovebox (Barrier) 

Material 

.@ 
Packaging (Barrier) I 

'&acility Building (Barrier) 

n 
I I w Ventilation 

(Barrier) 

E Site Boundary (Distance Barrier*) 

Question 3 

Physical 
Barriers 

Question 4 

Adverse 
Conditions 

Question 5 

Events 

1 t t 
Question 6 

Compensatory 
Measures 

*UYV..".. , , 
Identification of ES&H I Vulnerabilities 

Environment 
Worker 
Public 

Qiipctinn 7 I - Consequences -w 

I Prevent ive/Mi tig ative 



A'KACHMENT 6: Classified Information Security 

1 

Some information about materials and 
processes needed for the Plutonium ES&H 

1 ' Vulnerability Assessment may be classified. 
3 It is anticipated that general summaries will 
4 be compiled in an unclassified form. It is the 

goal of this project to present and report as 
* much information as possible for each site in 

7 an unclassified form. This will apply 
1 primarily to the Site Assessment Team . reports, Working Group Assessment Team 

reports, and the Final Report. Any classified 
information will be reviewed for 
declassification: If it cannot be declassified, 
it will be segregated in classified appendices. 

. The Working Group meetings will be 
unclassified. Personnel from sites with 
classified descriptions and data will be 
required to prepare for the second Working 
Group meeting by properly separating and 
identifying unclassified and classified 
information about their site. No 
presentations or discussions at these 
meetings can divulge or reveal classified 
information. 

5'. 

To allow complete access to all technical 
security areas of classified sites, Support 
Team and Working Group Assessment Team 
members must have current Q clearances. 

For Working Group Assessment Team visits 
to classified sites, the site will provide 
safeguards and security administrative 
support. This includes secure work 
environments and equipment for all meetings 
and team work areas and secure handcarry 
between security areas. Areas approved for 
classified work should be identified during 

I the site orientation. 

Administrative support provisions must 
include access to authorized classifiers to 
ensure that written material leaving the site 
is unclassified. If information must be 
presewed for segregated classified 
appendices, arrangements to transfer the 

I .. 
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classified material to a DOE-HQ classified 
area will be made. 

The scope of site administrative support 
includes the following: 

(3) 

(4) 

Secure work areadwork areas 
outside security zones 
Access to unclassified and secure 
equipment (personal computers, laser 
printers, copiers; etc.) 
Unclassified and classified document 
storage (approved repository) 
Classification/declassification support 
(authorized classifier) 
Site classified documents (SARs, 
etc., only if necessary) 
Handcarry/transport of classified 
documents and notes 
Mail channels to DOE-HQ 
Germantown 
Marking and handling of documents 
and notes 
Personnel accessbadging 
Telephone availability (including 
secure telephone) 

The goal is to provide classified work support 
such that classified documents, notes, and 
discussions can be revised and interpreted 
as unclassified so as to not impede the work 
of the Working Group Assessment Team. 

Appropriate DOE Security Requirements will 
apply to all activities of the Plutonium ES&H 
Vulnerability Assessment Project. 
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PREFACE 

This Assessment Plan is an implementing 
document for the Secretary's Initiative to 
evaluate the Department's environment, 
safety, and health (ES&H) vulnerabilities 
stemming from plutonium operations and 
storage. A Project Plan that describes 
essential features of the initiative and the 
role of this Working Group Assessment Plan 
has been prepared. The user of this 
Assessment Plan should be familiar with 
details of the Project Plan. The principal 
users of this plan are the Site Assessment 
Teams and the Working Group Assessment 
Teams, which are responsible for identifying 
and characterizing vulnerabilities. This 
assessment will serve as the information 
base for identifying interim corrective actions 
and options for the safe management of 
fissile materials. 

OBJECTIVE 

The first objective of this plan is to provide 
Site Assessment Teams with a systematic, 
effective, and efficient methodology to 
assess vulnerabilities associated with 
plutonium operations and storage. 

The second objective of this plan is to 
provide Working Group Assessment Teams 
with an effective methodology to verify and 
validate information supplied by the "Site 
Assessment Teams,' and to identiiy if there 
are any additional vulnerabilities, and then 
prioritize and dowment all vulnerabilities. 
The methodology developed can be applied 
uniformly at all sites by both the Site 
Assessment Teams and Working Group 
Assessment Teams. This methodology 
serves to minimize disparate interpretations, 
ensure common terminology among the 
reports, and facilitate the efforts of the 
Working Group to summarize and prioritiTe 
the vulnerabilities for the final report to the 
Secretary. 

OVERVIEW 

The Site Ass- consists of 
management and operations. (M&O) 
contractor and operations off ice personnel 
selected for their knowledge about plutonium 
storage and operations at the site. The Site 
Assessment Team prepares the draft Site 
Assessment Team report, which is made 
available to the Working Group Assessment 
Team prior to its arrival at the site. 



The IAhkhg nrclrrp Asmsment Team 
consists of members of the Working Group 
for the Plutonium ES&H Vulnerability 
Assessment Project and expert consultants. 
Expert consultants are selected for their 
experience in areas important to ES&H 
protection In plutonium storage and 
operations. 

. .  External Stakehaider Or- are 
intended to be involved in the Working 
Group process. Their participation will be 
coordinated by the Nuclear Materials 
Disposition Project. 

ROLES AND RESPONSlBIUTlES 

The Site Assessment Team will accomplish 
the following activities. 

0 Organize itself under the direction of 
Site Assessment Team co-leaders (one 
Federal employee and one M&O 
contractor representative) who serve as 
the points of contact with the Working 
Group Assessment Team leader and 
deputy leader. 

0 Prepare response to the Question Set 
for its site on all plutonium holdings 
within the scope of this project. 

NOTE: Tne teftn 'holdings' is used to indicate 
that the scope encompasses more than plutonium 
material types inventoried on the accountability 
books. 

0 Ensure completion of its draft report, 
including completed Vulnerability 
Assessment Forms, before the Working 
Group Assessment Team arrives on- 
site. 

0 Ensure that on-site training and logistics 
for the Working Group Assessment 
Team are arranged. 

0 Assign technical discipline leads for 
interaction with their counterparts on the 
Working Group Assessment Team. 

0 Accompany counterparts from the 
Working Group Assessment Team 
during facility walkdowns and participate 
in tabletop discussions with Working 
Group Assessment Team members. 

Before a Working Group Assessment Team 
visits a designated site, it will coordinate with 
the Site Assessment Team on logistics, 
counterparts, schedules, etc. The Working 
Group Assessment Team will accomplish the 
following activities during the site visit. 

0 

0 

0 

0 

0 

Review the results of other relevant 
assessments (e.g., Tomsk-II, chemical 
vulnerability assessment, DOE 
plutonium storage safety assessment, 
and others) as they relate to the 
Plutonium ES&H Vulnerabil ity 
Assessment Project, and include 
relevant findings in the current 
assessment where appropriate. 

Review the site's response to the 
Question Set on facility conditions and 
missions, plutonium holdings, material 
and packaging conditions, physical 
barriers, adverse conditions, events, 
compensatory measures, and ES&H 
vulnerabilities. 

Evaluate the responses (data) via 
independent verification, exploratory 
discussions, direct observation of 
facilities (walkdowns), interviews with 
knowledgeable personnel, and review of 
documents and programs. 

Evaluate (and validate as necessary) the 
site's list of issues and exercise the 
methodology presented in this document 
to  identi fy and characterize 
vulnerabilities. 

Write a draft Working Group 
Assessment Team report and provide it 
to the Site Assessment Team for factual 
accuracy review and comment. 

Page 2 



0 Communicate identified vulnerabilities to 
other site Working Group Assessment 
Teams as appropriate. 

0 Brief external stakeholders during site 
entrance meetings. 

SITE ASSESSMENT TEAM PROCESS 

Organization and Training 

Management at each site to be visited 
should select two individuals to act as co- 
leaders (one Federal employee and one 
M&O contractor representative) for the Site 
Assessment Team. The co-leaders will be 
responsible for the overall conduct of ,the 
Site Assessment Team activities, whiFh 
include performing the self-assessment, 
coordinating the Question Set responses for 
all facilities, drafting the Site Assessment 
Team report, and coordinating all 
requirements and logistics to support the 
Working Group Assessment Team visit. 
Both facility and operations management for 
facilities to be visited should support this 
effort. 

The Site Assessment Team leaders should 
arrange and organize their teams to best 
accommodate their needs. Smaller sites 
with a limited number of facilities may best 
be organized with one Site Assessment 
Team. Larger sites with many facilities may 
find it helpful to develop facility Assessment 
Subteams that will take on the 
responsibilities of performing the 
self-assessment, writing their sections of the 
final report, and acting as the technical leads 
and hosts for the Working Group 
Assessment Team. For larger sites, the Site 
Assessment Team leaders should expect the 
Working Group Assessment Team to break 
into two or more smaller subteams that will 
work in parallel during the site visit. 
Sufficient office and conference space 
should be made available to support parallel 
efforts. 

co-leaders, who attended training in 
Colorado on April 18-22, 1994. This training 
included details on the vulnerability 
assessment methodology and process: 
plutonium technical training, including 
historical events review; and segments in 
team building. It is incumbent on the 
co-leaders to take this training back to their 
sites and ensure that all Site Assessment 
Team members have a thorough 
understanding of the process and 
procedures to ensure a successful 
assessment. At the start of the Site 
Assessment Team work, the Working Group 
Assessment Team leaders will meet with the 
respective Site Assessment Team to review 
the scope and organization of the site 
assessment process. 

Protocol 

The Site Assessment Team should conduct 
a detailed and thorough review of all 
conditions or events that could lead to 
vulnerabilities for the worker, environment, or 
public. It should be emphasized to all 
participants that this is not a compliance 
audit or fault-finding effort. Success in 
identifying vulnerabilities requires a complete 
and open exchange of information between 
the Working Group Assessment Team, the 
DOE operations office staff, and the M&O 
contractor personnel. Key aspects of a 
successful self-assessment include those 
listed below. 

0 

0 

0 
Training of the Site Assessment Team is the 
responsibility of the Site Assessment Team 

A thorough and complete review of 
materials ahd facility conditions, and 
concerns .- about those -materials and 
conditions. Unknown or uncharacterized 
conditions. that may exist should be 
clearly identified. 

Documentation of these concerns in 
responses to the Question Set 
(Attachment 1) and on Vulnerability 
Assessment Forms (Attachment 2). 

Hosting an entrance meeting with the 
Working Group Assessment Team, Site 
Assessment Team, and site 



management. The Site Assessment 
Team should also provide summary 
facility briefings, including mission 
description, holdings, and Question Set 
responses. 

0 Candid verbal communications among 
all parties, with secure settings provided 
for classified discussions. 

0 Arrangement for facility discussions and 
walkdowns. 

0 Identification of technical-administrative 
contacts to support the Working Group 
Assessment Team. 

0 A classifier to review all Working Group 
Assessment Team documentation and 
ensure that all Working Group 
Assessment Team members are aware 
of site security requirements. 

0 Factual review of the Working Group 
Assessment Team report. 

0 Recognition by all parties that the 
vulnerability assessment is an integral 
part of the Department's activities to 
ensure the safety of workers, the public, 
and the environment, and that all 
personnel involved in the activity share 
that common goal. 

Procedure 

The Site Assessment Team should have the 
expertise and information needed to 
complete responses to the Question Set. 
This procedure briefly describes how the 
Question Set is completed and how 
vulnerabilities that may result from plutonium 
storagehandling are identified. 

The Site Assessment Team leaders will be 
trained in the methodology prior to initiating 
their assessment. They will select team 
members with appropriate experience, 
expertise, and clearances. In addition, at the 
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start of the Site Assessment Team work the 
Working Group Assessment Team leaders 
will meet with the respective Site 
Assessment Team to review the scope and 
organization of the site assessment process. 

. .  
D 3 Or- of the- 

The Site Assessment Team leaders will 
develop a detailed plan to ensure that all 
plutonium holdings within the scope of this 
assessment are included. This plan should 
include the identification of facilities and the 
breakdown of processlstorage areas into 
aggregates that would have similar 
vulnerabilities. Knowledge of the site, 
facilities, material holdings, and packaging 
are required to organize the assessment. 

The purpose of aggregating process/storage 
areas is to assist the Site Assessment Team 
in completing the Question Set so that the 
answers and data are organized along the 
lines of vulnerability identification. When the 
Question Set is completed in such a manner, 
the vulnerabilities will be clearly supported by 
the data in the answers. Additionally, similar 
vulnerabilities will be grouped, thereby 
avoiding duplication, and dissimilar 
vulnerabilities will be separated. 

For example, if a building contained a liquid 
processing line, vaults, and gloveboxes, it 
might be appropriate to organize that 
assessment in three aggregates. However, 
if there were two distinct vaults, one inerted 
and the other with an air atmosphere, or if 
the confinement systems were very different, 
more aggregates might be appropriate. 
Similarly, if two distinct types of materials 
and/or packages were located in the 
gloveboxes, additional aggregates might be 
appropriate. 

The purpose of Question 1 is to organize the 
assessment and gather appropriate 
documents. Questions 2 through 7 will then 
be completed for each aggregate identified. 
The purpose of Question 2 is to identify the 
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types of material and appropriate information 
about its packaging. 'Tables A1 , A2, and A3 
provide keys to assist in package and 
material definitions. Multiple barriers 
incorporated into a package should be 
identified. This information will be entered 
into a database and can be compared with 
information on materiawpackaging conditions 
to identify possible deteriorated conditions. 

The purpose of Question 3 is to identify 
barriers that may prevent material or 
radiation from affecting workers, the public, 
or the environment. A sketch may be 
appropriate to identify and explain all 
barriers. The identification of barriers by 
their codes (see Table A4) will be captured 
in a database for crosscut evaluations. 

D 4. An- of Past or Cwent A d v w  

The purpose of Question 4 is to identify 
those adverse conditions that might result in 
vulnerabilities associated with the material 
aggregates from Questions 1, 2 and 3. 
Several adverse conditions are usually 
associated with the materiavpackage and 
barrier combinations. For example, a 
glovebox that was originally in use as a 
processing line may have deteriorated as a 
storage area. It is reasonable to expect 
adverse conditions, such as inadequate 
preventive maintenance (large backlog of 
work orders) and equipment failures (out of 
service), when the facility's mission changed. 

Site Assessment Team members may be 
able to identify adverse conditions 
associated with the materiavpackages based 
on their knowledge of deficiencies in similar 
materiavpackages (noted in the training 
materials). 

The purpose of Question 5 is to identify 
events that may result from adverse 
conditions identified in Question 4. In 
general, such events can result in 
consequences to workers. Question 5 also 
identifies events that have been analyzed for 
the materiWpackages, barriers, and adverse 

conditions identified in Questions 2.3, and 4, 
which represent the most bounding condition 
for acalysis of public health and safety 
and/or environmental releases. 

Several such events may be evaluated to 
identify vulnerabilities. For example, a 
facility storing a vessel of plutonium 
compound in liquid form that has not been 
maintained is subject to leakage from flanges 
or valve stem packing. Such spills and their 
cleanup could expose workers. A number of 
bounding accident analyses are usually 
performed in the Safety Analysis Report 
(SAR) for the facility. Reviewing these 
analyses for the material/packaging and 
barriers will assist the team in identifying 
possible vulnerabilities. 

The purpose of Question 6 is to evaluate 
compensatory measures applied within the 
facility to prevent and/or mitigate events that 
could result in vulnerabilities. Generally, 
there are many preventive measures, usually 
administrative. All applicable items should 
be identified. Current and past deficiencies 
in administrative compensatory measures 
should be noted. Safety features designed 
to mitigate accidents should be noted and 
any deficiencies in these systems identified. 
If such systems are out of service on a 

frequent basis, this should also be noted. - 
The purpose of Question 7 is to identify the 
consequences of events described in 
Question 5 for which compensatory 
measures might be inadequate. If a 
consequence is identified, a vulnerability 
exists and a Vulnerability Assessment Form 
must be completed. Consequences wt 7h 
require more than three indenendent events 
to occur can be considered to be highly 
unlikely. In these cases, a VAF need not be 
completed. However, common mode failures 
need to be recognized. 

The purpose of Question 8 is to allow the 
Site Assessment Team the opportunity to 
summarize and prioritize the overall 
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vulnerabilities from plutonium holdings. This 
question also prompts the Site Assessment 
Team to identify potential corrective actions. 

The Site Assessment Team writes the Site 
Assessment Team report and provides the 
draft version to the Working Group . 
Assessment Team one week prior to its 
arrival. Attachment 3 provides an outline for 
the Site Assessment Team report. The DOE 
site management organization should 
approve the Site Assessment Team report. 
However, due to the time constraints placed 
on the project, site managers may wish to 
delegate this responsibility to the Site 
Assessment Team co-leaders. 

WORKING GROUP ASSESSMENT TEAM 
PROCESS 

Site Visit Agenda 

Each Working Group Assessment Team 
should develop a site visit agenda specific to 
the needs of the site and the assessment 
team. A proposed agenda for the site visit 
(Attachment 4) is provided for guidance. 

Sites with large holdings, such as Rocky 
Flats, Savannah River, Los Alamos, and 
Hanford, need larger Working Group 
Assessment Teams that can subdivide into 
smaller subteams and work in parallel, taking 
several days to accomplish all elements. 
Sites with small holdings may use small 
teams. Starting with the proposed agenda, 
each Team Leader will develop a site- 
specific agenda. This agenda should be 
developed as early as possible so that both 
the Site and the Working Group Assessment 
Teams are familiar with what is planned and 
expected. The agenda should be developed 
in coordination with site contacts. 

Protocol 

The Working Group Assessment Team 
review should include a complete and open 
exchange of information between the Site 
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Assessment Team, the DOE operations 
office staff, and M&O contractor personnel. 
Key aspects of successful communication 
include those listed below. 

0 

0 

0 

0 

0 

0 

0 

A preliminary Working Group meeting 
with representatives of the M&O 
contractor, operations off ice, and 
program office to review the scope, 
Project Plan, and Assessment Plan, and 
to provide assessment process training. 

Entrance discussions between the 
Working Group and Site Assessment 
Teams, the DOE operations office, and 
the M&O contractor regarding the 
objectives of the assessment and the 
DOE and M&O contractor perspectives 
on facility operations. 

Arrangement for facility discussions and 
facility walkdown. 

Identification of technical and 
administrative contacts (operations office 
and M&O contractor) for the Working 
Group Assessment Team. 

Candid verbal communication among all 
parties. 

Daily meetings (lasting approximately 1 
hour) between the Working Group 
Assessment Team and si te 
management (both operations off ice and 
M&O contractor). These; meetings 
should result in the arrangement and 
scheduling of activities, such as 
intetviews, walkdowns, and technical 
discussions. Published schedules 
should be used and activities should be 
planned to the maximum extent 
practical. 

Agreement at the end of the assessment 
among the M&O contractor, the DOE 
operations office, and the Working 
Group Assessment Team that the 
vulnerabilities identified are factual and 
reflect the best available knowledge. 
The Working Group Assessment Team 
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report will not be finalized and issued 
until factual review by the Site 
Assessment Team is completed. Any 
delay will affect schedules. Therefore, 
schedules should be formalized to the 
extent possible. 

0 Recognition by all parties that the 
vulnerability assessment is an integral 
part of the Department’s activities to 
ensure the safety of the workers, the 
public. and the environment, and that all 
personnel involved in the activity share 
that common goal. 

This study represents a Department-wide 
ES&H vulnerability assessment. All 
Department elements should work together, 
recognizing that their specific roles and 
responsibilities are assigned solely to 
facilitate and manage the work. The Site 
Assessment Team is the primary source of 
vulnerability identification. The Working 
Group Assessment Team provides external 
verification and validation, identifies and 
characterizes additional vulnerabilities not 
recognized by the Site Assessment Team, 
and organizes the information. Technical 
assessments are conducted by all group 
members. All M&O managers, DOE 
operations off ice managers, and Cognizant 
Secretarial Officers (CSOs) are expected to 
interact effectively to produce a 
comprehensive report. 

Procedure 

The procedure to be used by each Working 
Group Assessment Team during its site visit 
is described here. The procedure covers the 
essential functions of the visit: review, 
evaluation, veriiication and validation of Site 
Assessment Team responses to the 
Question Set as well as the identification and 
compilation of consequences and 
vulnerabilities that result from plutonium 
storagehandling. These results will be 
recorded on Vulnerability Assessment Forms 
WAFS), which provide for a formatted and 
consistent dwmentation tool to be used by 
each Assessment Team; - I  

Working G r - U e a n u x i  
a VAF. The procedure begins with 

the first meeting between the Working Group 
Assessment Team and the Site Assessment 
Team (see proposed Agenda in 
Attachment 4). 

Working Group Assessment Team 
membership will include experts in criticality 
safety, seismic analysis, health physics, 
waste management, maintenance and 
operations, safety analysis, security, and 
plutonium chemistry/processing, depending 
on the sitelfacility under consideration. Each 
Working Group Assessment Team will be led 
by a Federal employee. A deputy team 
leader and other team members generally 
will include Federal employees, M&O 
contractors, laboratory personnel, and 
independent consultants. Although each 
member will focus on and be an expert in 
hisher discipline, overlap, crosscutting, and 
synergism are expected to occur. Sites with 
major holdings of plutonium and those with 
multiple buildings containing plutonium will 
be visited by larger teams. Team size will 
vary from 6 to 15 members, depending on 
the challenge of the site. 

All potential credible challenges to the 
environment and to the safety and health of 
workers and the public must be addressed. 
It is the responsibility of the designated Site 
Assessment and Working Group Assessment 
Teams to conduct athorough review, identify 
vulnerabilities and, at the close of the review 
period, defend the vulnerabilities to the 
Working Group. The Working Group will 
review and approve the final vulnerability 
report. 

Specific. steps for the Working C “ ~ p  
Assessment Team are outlined b; N. 
These will be discussed thoroughty ciL ilg 
the team building and team training sessions 
prior to site visits. 

Each Working Group Assessment Team 
member has received training on technical 



aspects, methodology, and team building. 
After the Site Assessment Teams have been 
formed, the respective Working Group 
Assessment Team leaders will meet with 
them to review the scope and organization of 
the site assessment process. 

Working Group Assessment Team members 
will review appropriate background 
information (e.g., Tomsk-ll, chemical 
vulnerability assessment, Site Assessment 
Team draft report, SAR, occurrence reports, 
technical safety appraisals, and ES&H 
studies) as they relate to the Plutonium 
ES&H Vulnerability Assessment Project and 
assemble relevant documentation. 

The Working Group Assessment Team 
leader (or deputy team leader) and Site 
Assessment Team co-leaders will coordinate 
site-specific training required for escorted 
access by Working Group Assessment Team 
members to areas necessary for the review. 

The Site should designate the Site 
Assessment Team co-leaders as points of 
contact for the Working Group Assessment 
Team. 

The Working Group Assessment Team 
leader (or deputy team leader) will ensure 
that team members obtain site-specific 
training, where applicable for large sites, 
prior to the site visit. 

The Working Group Assessment Team 
Leader (or deputy team leader) will define 
the visit strategy, taking into consideration 
personnel expertise and the number of 
facilities to be visited. 

The Working Group Assessment Team 
leader (or deputy team leader) will solicit 
input from Working Group Assessment Team 
members on their suggested assessment 
methods, contacts, and agenda: provide 
feedback: and, coordinate with the Site 
Assessment Team. 

The Working Group Assessment Team 
Leader (or deputy team leader) will verify 
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necessary clearances (e.g., sigma levels) to 
gain access to facilities. 

The Working Group Assessment Team will 
brief site management on the scope and 
purpose of the visit. 

The Working Group Assessment Team will 
be briefed on site plutonium activities and be 
provided with a general overview of facility 
responses to the Question Set. 

Participation of local stakeholders in site 
entrance meetings will be coordinated by the 
Nuclear Materials Disposition Project. 

The Working Group Assessment Team 
members will be trained and qualified on site 
procedures to enter facilities under 
knowledgeable escort if such training has not 
already been completed. 

3. - 
The Site Assessment Team will present its 
report describing the site, operations and 
storage facilities, mission(s) of these 
facilities, and identified vulnerabilities. The 
Site Assessment Team will describe 
activities at plutonium storage and operations 
facilities to provide the Working Group 
Assessment Team with an understanding of 
the complexity, frequency, and volume of 
plutonium movements and other activities 
pertaining to plutonium handling and storage. 

Validation and verification of packaging 
configuration and conditions should be 
conducted when appropriate. If the Working 
Group Assessment Team requires that 
packages be opened or reviews the data 
from past programs for the opening of 
packages, team members should review all 
packaging-related operations and 
procedures and analyze them for 
vulnerabilities. Since observations at one 
site may be applicable to packaging 
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configurations at other sites, a special effort 
should be made to document all important 
configurations and conditions observed 
during inspections of packaging. 

In addition to physical inspections, methods 
that may be used to evaluate packages 
include the review of logs, videos, and 
photographs, and the use of nondestructive 
techniques. If packaging is found to be 
different than the records indicate, this 
difference should be noted. 

Pertinent inspection and repackaging 
activities are currently being conducted at 
Los Alamos National Laboratory, Savannah 
River Site, and Rocky Flats Plant. An 
inventory reduction repackaging activity has 
been completed at Lawrence Livermore 
National Laboratory. Results of this work will 
be used as baseline data points for 
comparison with material and packaging 
conditions that may exist currently or in the 
future at other sites with similar 
material/packaging. A database of the 
materiavpackaging configurations and un- 
packaging observations will be made 
available for reference. 

The Site Assessment Team will provide the 
results of all recent relevant reviews, 
assessments, and self-assessments. The 
Working Group Assessment Team may build 
upon these results if the facility's mission and 
current mode of operations remain within the 
context of those reviews. 

b 4. Review of Draft m e s  tQ 
n Set and Sumrnarv Ch.e&k& 

The Working Group Assessment Team will 
review the Question Set responses and the 
summary checklists prepared by the Site 
Assessment Team. Working Group 
Assessment Team members should discuss 
each response to the Question Set in 
sufficient depth to gain a clear understanding 
of the condition of stored plutonium and 
storage facilities, facility operations, and 
institutional controls. Working Group 
Assessment Team members will pursue 

information to ensure that the Team has a 
thorough basis for its conclusions. However, 
Working Group Assessment Team members 
should remember that this study is not a fault 
finding, -ion or a c w  ' , and 
lines of inquiry should be oriented toward the 
objective of the assessment. Attachment 1 
provides guidance for conducting the 
Question Set review and tabletop 
discussions. 

5. F w h t y W W  e .  

An initial facility walkdown will be conducted 
to familiarize Working Group Assessment 
Team members with the facility layout and 
features, the condition of the facility, and any 
plutonium materials contained therein. 
Facility walkdowns will always be 
accompanied by knowledgeable escorts to 
protect team members from ever changing 
facility conditions. The Working Group 
Assessment Team members may conduct 
additional walkdowns to identify and 
characterize vulnerabilities. Information 
gained during the review of the Site 
Assessment Team report should be used to 
augment the plan for the facility vulnerability 
review described in Step 6. Areas identified 
as potential vulnerabilities should be 
explored fully to document the causes of any 
adverse conditions. Attachment 1, Section 
IV, provides a set of candidate activities to 
be performed by the Working Group 
Assessment Team during the walkdown. 
These activities include interviews with 
cognizant plant personnel. In addition, 
current and past plant operations should be 
reviewed with potential ES&H vulnerabilities 
in mind. The Working Group Assessment 
Team should recognize that walkdowns !;ray 
involve more than one visit to a parti! ar 
facility. 

A facility representative knowledgeable of 
facility conditions and operations should 
always be present during the walkdowns. 
Technicians and operators in the facility 
should be involved in the assessment at 
every opportunity to provide benefit of their 
specialized knowledge of plutonium storage 
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and handling operations. For instance, 
technicians may be asked to explain what 
they know about the stored materials, how 
plutonium operations are performed, and the 
hazards involved. 

Each Working Group Assessment Team 
member should tailor walkdown activities 
according to hisher individual expertise and 
the goal of obtaining all relevant information 
should a Vulnerability Assessment Form 
WAF) be needed. As in previous cases, 
VAFs will be reviewed later by the Working 
Group Assessment Team for completeness, 
accuracy, and defensibility. 

ReyLew and ldentlflcatlan of .. . 

This activity, which is to be conducted by the 
Working Group Assessment Team, consists 
of evaluating and documenting the 
vulnerabilities identified in Step 5. In 
addition, vulnerabilities identified by the 
Working Group Assessment Team will be 
included to complete the site vulnerability 
profile. The methodology for this process is 
presented in Attachment 1. The Vulnerability 
Assessment Form (Attachment 2) will be 
used to document the results. The Site 
Assessment Team may be present during 
this activity but acts only as a source of 
information and clarification. 

In this activity, the Working Group 
Assessment Team formally identifies the 
vulnerabilities associated with plutonium 
storage and operations using the VAFs, the 
Question Sets, and information gathered 
from the tabletop discussions and technical 
discussions. Each vulnerability initiated on 
one of these forms should have an 
acceptable technical basis. An initially 
identified vulnerability may be deleted only if 
full consensus is reached that it is not a 
vulnerability. In all other cases, the 
vulnerability is included in the Working Group 
Assessment Team report. 

Once all vulnerabilities have been identified 
by this process, they will be reviewed with 
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the Site Assessment Team for factual 
accuracy. Consensus is not required. The 
support of the cognizant subject matter 
expert on the Working Group Assessment 
Team and the team leader or deputy team 
leader will be sufficient to include a 
vulnerability in the final Working Group 
Assessment Team report. 

NOTE: Any member of the Site Assessment Team or 
Working Group Assessment Team can initiate a VAF. 

7. s- 

The two teams will reconvene with the 
objectives of: (1) clearing all questions or 
unfinished business needed for the Site 
Assessment Team to finish its report: (2) 
reviewing and condensing vulnerabilities; (3) 
systematically addressing each vulnerability 
for substance and factual accuracy; and (4) 
completing data entry on each remaining 
VAF. 

The Working Group Assessment Team will 
brief site management (DOE operations 
office and M&O contractor) on the 
conclusions reached during its assessment. 

9. W m  G r w  Ass- Team 
ReDort 
The Working Group Assessment Team will 
reconvene (without the Site Assessment 
Team) to draft the Working Group 
Assessment Team report. 

NOTE: Attachment 3 provides an outline and additional 
guidance for the Working Group Assessment Team 
report and an outline for the Site Assessment Team 
report. 
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ATTACHMENT 1: Methodology Process 

Overview 

The objective of this attachment is to 
provide more specific guidance to the 
Working Group Assessment Teams for 
conducting facility walkdown activities and 
tabletop discussions. The purpose of the 
facility walkdown activities and tabletop 
discussions is to assess and validate the 
Site Assessment Team responses to the 
Question Set by way of exploratory 
questioning, independent sampling, direct 
observations of facilities, and review of 
applicable programs. 

Section I provides the overall methodology 
to be used in conducting the plutonium 
ES&H vulnerability assessment. It also 
includes the detailed Question Set to be 
filled out by the Site Assessment Teams. 

Section I1 provides criteria for evaluating 
the responses to the Question Sets. If the 
Working Group Assessment Team finds 
that the Site Assessment Team responses 
to the Questions Set are incomplete or 
unclear, tabletop discussions should be 
held to obtain additional information or 
clarifying responses. 

Section 111 provides a list of tabletop 
discussion topics designed to address 
consequences to workers, the public, and 
the environment resulting from the 
materials, barriers, adverse conditions and 
events, and compensatory measures 
identified by the Site Assessment Team in 
the Question Sets and summary checklists. 
The intent of the tabletop discussions is to 
examine and provoke thought on 
contributing factors and causal factors 
associated with identified consequences. 
The discussion topics were generated from 
a review of historical events and 
Occurrences associated with plutonium 
storage and handling operations in the 
DOE complex. 

Section IV provides guidance criteria for 
facility walkdown activities. At larger sites, 
the Working Group Assessment Teams 
should be divided into parallel groups (two 
to four persons) and walkdown activities 
should be performed in parallel at all 
selected facilities. The general criteria 
provided should be used to guide the 
walkdown activities since it is impractical 
for all Working Group Assessment Team 
subject matter experts to visit all facilities. 

'If a concem is identified within a facility 
and the subject matter expert is not on that 
particular tour, every effort should be made 
to discuss the concern with the expert. If 
necessary, the subject matter expert can 
perform a follow-up review of the 
concemhssue. 

1. Vulnerability Assessment 
Methodology 

The methodology (Figure A-1 ) examines 
materials at risk, the barriers used to 
protect the materials, adverse 
conditions/events that can lead to barrier 
failure, compensatory measures used to 
respondreact to the failures, and the 
impact or consequences on the 
environment, the worker, or the public. 
Figure A-2 illustrates more detailed 
examples of possible combination of 
materials, packaging, and physical barriers. 
Information will be gathered by several 
methods, including the following: 

0 Site response to a specific Question 
Set for each ,category of information 
(Question Set is attached): 

0 Tabletop discussions; and 

0 Facility walkdowns. 

Inventory and material information consists 
of both inventory validations and a review 
of material characteristics associated with 
each chemical form of plutonium currently 



processed or stored on site. Information 
for physical barriers will also be collected. 
Adverse conditiondevents from internal as 
well as external events (natural and 
human-made) and compensatory actions 
and plans will be examined to determine 
the consequences on the environment, the 
worker, and the public. Information data 
elements for this methodology ate included 
in Figure A-3, which is part of Questions 3, 
4, and 5 of the Question Set. 

The methodology is a qualitative approach 
that relies on the experience and expertise 
of the Site Assessment Teams in making 
determinations regarding the likelihood of 
barrier failures, relevant historical 
experience, and the frequency of adverse 
conditions/events. The implications or 
consequences of those events are then 
determined. The Question Set is geared 
toward collecting the necessary data on 
materials, barriers, and adverse 
conditions/events. The Site Assessment 
Teams are also asked to use the Question 
Set and checklist to identify consequences 
and vulnerabilities. The Working Group 
Assessment Teams will then use historical 
data, tabletop discussion topics, and the 
Question Set and checklist to review and 
develop a more comprehensive 
understanding of the consequences and 
potential vulnerabilities resulting from 
current plutonium storage and handling 
operations. Vulnerabilities identified as a 
result of this process will be documented 
on Vulnerability Assessment Forms 
(Attachment 3). The Site Assessment 
Teams will complete Vulnerability 
Assessment Forms (VAFs) as part of 
Question 7. The identification of a 
vulnerability on a VAF is not intended to ’ 

replace occurrence reporting in accordance 
with DOE 5000.38. 
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Figure A-3 
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QUESTION SET 0 Aggregate materials and facilities 
where appropriate. 

The purpose of this Question Set is to 
provide a common approach for identifying 
ES&H vulnerabilities at the various DOE 
plutonium storage and handling 
facilitieslsites. Site Assessment Teams will 
prepare responses to this Question Set and 
will identify and document vulnerabilities in 
their respective Site Assessment Team 
reports. 

For each facility, the Question Set requires 
a summary description of the facility, the 
facility's plutonium holdings, how the 
holdings are packaged, and the physical 
barriers around the packages. The Site 
Assessment Team is asked to make an 
assessment of potential adverse conditions 
that are applicable to the material, 
packaging, barriers, and facilities. Once 
adverse conditions have been identified, 
the Site Assessment Team will identify 
potential events/concems that may result 
from those adverse conditions and will 
describe compensatory measures (both 
preventive and mitigative) and potential 
consequences. While tables included in 
the Question Set have been designed for 
ease of preparation (checklists), the Site 
Assessment Team is encouraged to 
include adequate engineering judgment in 
its descriptive narrative, particularly 
identifying likely and realistic scenarios. 

s 

General guidance for the preparation of the 
Question Set is outlined here. 

0 Responses will be made on a 
Wordperfect 5.1 text file, using the 
supplied computer file template. 
Limit narrative to 1-2 pages per 
narrative question and include 
references. 
Do not be restricted by the size of the 
tables. They are expandable and 
allow for more than one line per item. 

0 

0 

04/25/94 

Guidance on specific questions is provided 
below. 

For Q2, if packaging beyond what is 
visible is not known, state that fact. 

Q2A is provided for classified 
information. Such information will be 
made available to the Working Group 
Assessment Team in the proper 
secure setting and will remain at the 
site. 

Q1 through Q7 will be completed for 
each facility at the site. Facilities are 
defined as buildings or functional areas 
covered within a Safety Analysis 
Report (SAR). A Question Set should 
be completed for each function within 
a facility. 

Q8 will be completed by site 
management (operations off ice and 
M&O contractor). 

Page A I  - 6  



SITE: 

DOE HEADQUARTERS PROGRAM SPONSOR 

FACILITY (Building or Location): 

FUNCTION: 

FACILIlY AGE DESIGN LIFE 

Question 1: Facility 

Provide a summary description of the facility, including description of processes, simplified 
procesdmaterial flow diagrams, operations, and storage where applicable. Also address the 
following in the descriptions. 

0 

0 

0 

0 

0 

0 

0 

Design mission, interim mission, current use. 

Include historical information on Unusual Occurrence Reports, Unreviewed Safety Questions, 
Occurrence Reports, Defense Nuclear Facility Safety Board concerns, and other regulatory 
concerns. Attach documentation on this historical information. 

List pertinent ES&H documentation, such as SAR, EA, EIS, and Basis for Interim Operations, 
and the date of publication for this facility. 

Identify important facility design features (Le., seismic, fire protection, ventilation, atmosphere 
control, shielding, etc.). 

Identify uncertainties in the design basis and current configuration for facility features (e.g., 
seismic design basis, foreign material in ventilation systems or drains, safety systems whose 
operability has uncertainty). 

Describe the location of the facility on the site and the distance to the site boundary. 

Identify general aggregation areas of plutonium within the facility (e.g., glovebox, vault, cell, 
room, tank, pad, burial ground, and holdup locations) and include a simplified sketch of the 
containment barriers present. 



SITE: FACILITY (Building or Location): 

FUNCTION: 
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SITE: FACILITY (Building or Location): 
' FUNCTION: . ,  

Question 2: Holdings DOE Material Manager 

Characterize facility plutonium' holdings by completing the appropriate blocks in the table below. 
Use a separate line entry for each packaging type with a common grade of plutonium. Identify the 
range of age for each packaging type. 

Material Grade of Packaging Types3 Range of Age (YE.) 
m e  Plutonium2 

Disassembled 
Weapons Components 
(Pits) 

Metal 

Oxide 

Scrap/Residues' I I I 
~ 

Solution' 

Sealed Sources 

TRU Waste' 

5 
Holdup (in ducts, 
pipes, etc.)' 

Unirradiated Reactor 
Fuel 

High-level Liquid 
Waste 

Other (specify) 

. I  . : 
, ..  : . . . .  . 



SITE: 

1 

2 

3 

4 
5 Holdup has no packaging. Identify location of holdup. 

Include htopes of transuranic elements that are co-mingled (i.e., intermixed or grown in) 01 co-located in the facility, 
such as Neptunium, Americium, Curium, Californium, or U-233 as a decay product. 
Using the information on grades of plutonium In Table Al, enter the code letter in the Mock to identify the plutonium 
grade of each material type. 
Using the list of packdging types in Table A2, enter the code number or numbers in the adjacent Mock that identify 
the packaging type(s) for each material lype. 
For SaapFiesidues, Solution, TRU Waste, and Holdup, add the code letters as defined in Table A3. 

FACILITY (Building or Location): 

FU NCTl 0 N: 
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SITE: FACILITY (Building or Location): 

FUNCTION: 

-~ 

Oxide 

Material Type Grade of Plutonium 

Disassembled Weapons 
Components (Pits) 

Metal 
. .  

~~ 

Scrap/Residues 

Total Mass Pu (kg) Number of Packages 

~- 

Solution 

Sealed Sources 

TRU Waste 

Holdup 

Unirradiated Reactor Fuel 

High-level Liquid Waste 

1 
Cumulative Inventory 
Difference 

I I I 
1 1 I 

3 Other (specify) 



SITE FACILITY (Building or Location): 
FUNCTION: 

1 IdenUry probable location. 
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TABLE A1 - Grades of Plutonium 
Typical Isotopic Composition, wt.% 

If significant amounts of transplutonium elements (TPE) are present with the plutonium, use codes 
for both plutonium and the TPE (e.g., RAm means Reactor Grade plutonium with significant 
amounts of americium). A dash (-) means the isotope may be present, but only in very small 
amounts. 



TABLE A2 - P 

Tanks T 

Woodenlcrateslboxes W 

Shipping Containers X 

:kaging Types and Codes 

Mltarlll Subcoda 
1 

0 
1 
2 
3 

unknown 
food-packlrim seal 
slip lid 
screw lid 

unknown 
polymylem 
PVC 

0 
1 
2 
3 I ~ ~ ~ ~ ( s a r a n m p )  

1 
unknown I aluminum 

0 
1 

0 
1 
2 
3 
4 
5 
6 
7 I uns&idunsealed 

I 
0 unknown 
1 screw-lid 
2 
3 glass-metal seal 

sealed viaWcapsules 

0 
1 
2 
3 
4 
5 I other plastic - unsealed 

I 

unknown 
welded 
knlfe-edge seal (Le., confht) 
elastomeric seal (O-ring) 
compr&on seal (swagdock, etc.) 
scrw lid 
UnSpecifiWSealed 

unknown 
polyethylene-sealed 
Pdyethylene-UnSealed 
polyethylene-unknown 
dhe r  plastic - sealed 

graphite 
magnesium oxide 
unknown crucible 

0 
1 
2 
3 

unknown 
suspected to be metal 
Suspected to be plastic 
suspected to be ceramic 

unknown 
55-gallon 
30-galbn 
< 30-gallon 
< S-galbn 
unspecified 
add V if vented fl 4 5 

unknown 
Raschig ring filled 
geometrically favorable 
other 

unknown 
metal burial box 
cardboard 
wooden 
fiberglass 
misc./unspecified 

0 
1 

unknown 
standard 
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TABLE A3 - Code Letter Definitions for Question 2 

Material Type Form 

Scrap/Residue Pyrochemicai Salts 

Code 

PS 

I I 

I Filters I F  ll 
Incinerator Ash 

Reduction Residues 

Dissolver Heel 

Ceramics 

II I C  II I Combustibles 

A 

R 

DH 

CR 

TRU Waste 

Holdup 

I I  Non-Pu Metal Scrap MS 

Organic OR 

Other OT 

Same as Sciap/Residue or U 
Unknown 

Same as Scrap/Residue or U 
Unknown 



SITE: FACILITY (Building or Location): 

FUNCTION: 

Question 3: Physical Barriers DOE Material Manager 

Characterize facility physical barriers by completing the appropriate blocks in the table below. 
Complete a separate table for each material aggregation. 

Material Aggregation (list material types included from Question 2) 

Bmieis. 

1 

2 

3 

Worker 
Environment 
and Public 
Protection 

4 

5 



SITE: 

04125134 Page A1 - 17 

FACILITY (Building or Location): 

.FUNCTION: 



TABLE A4 

List of Physical Banier Types for Question 3 

WB-1 Glovebox 
WB-2 Transfer System 

WB-4 Filter 
WB-5 Vault 
WB-6 Room 
WB-7 Canyon 
WB-8 Hot Cell 
WB-9 cell 
WB-10 Burial Ground 
WB-11 Piping 
WB-12 None 
WB-13 Confinement 
WB-14 Shielding 
WB-15 Distance 
WB-16 Respiratory Protection 
WB-17 Remote Handling 
WB-18 Other - Specify 

WB-3 Duct 

EB-1 Facility Boundaty/Building 
EB-2 HVAC/Confinement 
EB-3 LiquidContainment 
EB-4 Site Boundary 
EB-5 Bunkers 
EB-6 Trench 

EB-6.1 Backfilled 
EB-6.2 Enclosed 
EB-6.3 Open 
EB-6.4 Other - Specify 

EB-7 Storage Vault 
EB-8 Canyons 
EB-9 Pad 
EB-10 Caisson 
EB-il Pond 
EB-12 Other - Specify 

1 
2 

Banier between plutonium and worker, 
Last banier W e e n  plutonium and public and environment. 



SITE: 

Adverse Condition 

J n - f a m  

0 Inadvertent Transfers 
0 Aging 
0 Organic Nitric Acid Reaction 
0 Equipment Failure 
0 Change in Mission 

Other Co-Located Hazards 
0 Corrosion 

Inadequate Configuration Knowledge 
0 Combustible Loading 
0 Inadequate Seals 
0 Potential Water Sources 
0 Inadequate Drains 
0 Inadequacy of Design Basis (e.g., seismic, fire, wind, etc.) 
0 Inadequate Preventive Maintenance 
tl Administrative Controls 
0 Other - Specify 

FACILITY (Building or Location): 

FU NCTl 0 N : 

' tl Pressurization 
0 Pyrophoricity 
0 Radioactivity 
0 Chemical Reactivity 
0 Am Buildup 
tl Hydrogen Buildup 
0 Radiolysis 
0 Volumetric Expansion 
0 Oxidation 

Other - Specify 

U 



1 An existing situation that gives rise to a potential event or concern. 
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SITE: 

M-FaCility 
0 Fire 
0 Explosion 
0 Worker Exposure 

0 External 
0 Internal 

0 Contamination 
0 Flooding 
0 Leakage/Spills 
0 Other Accidents - Specify 
0 Human Error 

FACILITY (Building or Location): 

FUNCTION: 

Maten'al 
0 Criticality 
0 Fissile Material Release 
0 Breach of Container 
0 Fire 

Fvent; 

r 

0 Other-Specify 

External 
0 Aircraft Crash 
0 Vehicle Accident 
0 Explosion 
0 Adjacent Facility Accident 
0 Power Failure 
0 InstitutionaVRegulatory Requirements 
0 Personnel Radiation Exposure 
0 Ex-facility Fire 
0 Other-Specify - 
0 Earthquake Damage 
0 Wind Damage 
0 Flood Damage 
0 Erosion Damage 
0 SnowlAsh Loading Damage 
0 Extreme Temperature Damage 
0 Other-Specify 
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SITE: 

04/25/94 

FACILIlY (Building or Location): . 

FUNCTION: 
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SITE: 

Question 6: Compensatory Measure 

FACILITY (Building or Location): 
FUNCTION: 

compensatory measures at the facility prevent andlor mitigate the adverse conditions and events 
identified in Questions 4 and 5. Check the applicable items in the table below and reference 
documents describing the compensatory measures. Identify any uncertainties or concerns in the 
checked compensatory measures. 

Compensatory Measures 

Preventive 

0 Procedures: ops., maint., surveillance 
0 Material -Limits 
0 Training 
0 Quality Assurance 
0 Conduct of Operations 
0 Authorization Basis 

(safety analysis, BIOS) 
0 Surveillance 
0 Organization 
0 Structure 
0 Management Involvement 
0 Staffing 
0 Lessons Learned 
0 Configuration Control of Design 
0 Preventive Maintenance 
0 Monitoring 
0 Trending (Performance indicator) 
0 TestingNerification of Integrity 
0 Regulatory Requirements 
0 Records 
0 Personnel Exposure 
0 Equipment 
0 Waste Inventory 
OQA 

0 Personnel Reliability Assurance Program 
0 Other - Specify 

Mitiaative 
0 Emergency Preparedness 
0 Emergency Management 
0 Emergency Planning 
0 Emergency Procedures 
0 Emergency Response 
0 Safely Systems 
OAlarm Systems 
0 Other - Specify 

c 



SITE: 
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FACILITY (Building or Location): 

FUNCTION: 



SITE: FACILITY (Building or Location): 
FUNCTION: 

Question 7: Consequences 

For each event identified in Question 5, and taking into account compensatory measures described in Question 6, identify potential consequences 
to the worker. environment, or public. If a vulnerability exists, record a Y and complete the VAF. If a vulnerability does not .exist, record an N and 
explain below. 

EVENT 

Explanation: 

04/25/94 





SITE: 

Question 8: Overall Site Summary 

Based on the Site Assessment Team report, provide an overall assessment of the site ES&H 
vulnerabilities. 

The response to this question should address each of the elements listed below, and should not 
exceed 2 pages in length. 

0 

0 

0 

0 

A desaiption of the site's most important ES&H concerns related to plutonium storage, 
handling, processing, and/or shipping. 

A description of which plutonium activities pose the highest risk to the environment, worker, 
and public at your site. 

A discussion of current planned actions to minimize worker exposure, reduce environmental 
risks, and protect the public at and near your site. 

Provide any noteworthy programs or practices related to plutonium storage, handling, 
processes, and/or shipping. 
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II. Question Set Review Items for Site 
and Working Group Assessment 
Teams 

The criteria presented here can be used 
jointly by both the Site and Working Group 
Assessment Teams. 

1. 

2. 

3. 

4. 

Are the responses to the Question Set 
complete? What information, if any, is 
still needed from the Site Assessment 
Team? Have all the elements 
identified in each question been 
considerWdiscussed? Have the 
holding quantities been clearly 
identified? Have known plutonium 
holdings in excess of the Nuclear 
Materials Management Safeguards 
System (NMMSS) inventory been 
quantified? 

Are any of the responses unclear or 
confusing? What information, if any, is 
needed from the Site Assessment 
Team or facility personnel to clarify the 
responses? 

Review the Site Assessment Team's 
ranking of adverse conditions/events or 
concerns provided in response to the 
Question Set. By way of discussion 
with the Site Assessment Team, 
determine the logic or method used as 
a basis for determining qualitative 
relative rankings. Is the logic or 
method consistent? For example, did 
the Site Assessment Team identify 
numerous recent handling accidents 
but rank handling events as having a 
low likelihood of occurrence? 

Are there any other disparities within 
the Site Assessment Team's 
responses to the Question Set? What 
information is needed to resolve any 
disparity? Is the answer to each 
question supported by answers to 
other questions? 

5. 

6. 

7. 

111. 

Are the responses to the Question Set 
supported by observations made by 
the Working Group Assessment Team 
during the facility walkdown? An 
example where this is not the case is 
as follows: Fire detection systems are 
identified as mitigating systems and 
the likelihood of large fires is ranked 
as low. However, during the facility 
tour, the Working Group Assessment 
Team learns that significant portions of 
the heat detection system have been 
out of service for the last several 
months due to equipment problems. 

Are all of the other ES&H 
vulnerabilities identified by the Site 
Assessment Team clearly understood? 
Is it clear why the Site Assessment 
Team considers the vulnerabilities to 
be important? 

' 

Is there enough information provided 
for the identified ES&H vulnerabilities 
to assess their importance. 

Tabletop Discussions 

The following questions should be used by 
the Working Group Assessment Teams to 
help them characterize and gain a better 
understanding of potential ES&H 
vulnerabilities that may result from the 
conditions listed. These constitute just a 
sample of the questions that should be 
addressed during tabletop discussions 
between the Working Group Assessment 
Team, M&O facility manager, and 
operations managers. In many cases, 
cognizant personnel from the DOE 
operations office should also be present for 
discussions on global issues. The question 
numbers used here correspond to those 
used in Figure A-3 to assist the Working 
Groub Assessment Teams in using the 
assessment logic established by the 
Working Group. 



1.1 NMMSS Material 
0 

0 

0 

0 

0 

0 

Could unknowns about the 
quantity of material in 
residues or waste cause limits 
to be exceeded? 
What is the condition of 
materials in tanks in terms of 
homogeneity, concentration 
limits, etc.? What could 
cause changes that might 
result in vulnerabilities? 
Are there questions about 
material-related I 
vulnerabilities, such as fires, 
explosions, etc., that might 
warrant urgent action or 
characterization? 
What is known about 
materials still in process, e.g., 
ion exchange columns, 
dissolvers, etc.? 
Is there a material inspection 
program and what has it 
shown? 
What measures have been 
taken to account for holdup? 

0 Explore potential 
vulnerabilities in facility 
stwctures (such as those 
discussed in Section IV, 
Wal kdown) . 

2 2  Administrative Barriers 
0 

0 

0 

0 

0 

0 

e .  2.0 Uncertalntles Ab- 
Release 

0 
2.1 Physical Barriers 

0 

0 

0 

0 

What packaging materials are 
used, e.g., polyethylene, 
polyvinyl chloride, or other 
organic material? 
What are the conditions of 
packaging? 
What vulnerability could be 
associated with packaging 
and repackaging? 
Is plutonium in places where it 
may not belong and may not 
be accounted for and 
monitored, such as in ducts, 
pipes, or traps? 

04/25/94 

0 

Could material in the facility 
exceed limits analyzed in the 
Safety Analysis Report 
(SAR)? 
What forms of plutonium were 
analyzed in the SAR and what 
is the impact on the source 
term? 
Are there clear lines of 
responsibility and authority in 
the organization? 
Are training programs 
effective in maintaining 
competency in ongoing and 
new missions? 
What are the attitudes toward 
operational limits, e.g., 
criticality limits, Operational 
Safety Requirements (OSRs), 
Limiting Conditions of 
Operation (LCOs), etc.? 
Have the number of Unusual 
Occurrence Reports (UORs) 
increased over the past 5 
years? If so, why? 
What is the history of 
inadvertent and misrouted 
transfers? 
What are the trends in human 
errors? 

.. 
to v u l m  ... 3.0 Adverse Cm.dW'~s and Fvents 

3.1 In-facility 
0 Are there neutron absorbers 

(Raschig rings or dissolved 
chemicals) that might change 
configuration or concentration 
and result in vulnerabilities? 
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0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

What co-located materials 
could increase vulnerabilities 
associated with plutonium? 
Are there constraints that 
prevent the relocation of 
materials to areas with lower 
ES&H vulnerability? 
Have mission changes 
resulted in ES&H 
vulnerabilities, or could they , 
do so? 
What is the status of the 
facility? Is it operating or shut 
down? 
Is there a clear chain of 
responsibility for the stored 
material within DOE? 
Are there requirements for the 
inspection of materials that 
result in ES&H vulnerabilities 
(e.g., unnecessary exposure)? 
Are institutional safety 
margins so conservative that 
other important ES&H 
vulnerabilities are not 
addressed properly? 
Are there requirements for 
'two-man rule' that result in 
greater exposure? 
Are there uncertainties 
connected with mission 
changes that result in ES&H 
vulnerabilities? 
What is the maintenance 
backlog on safety system 
equipment? Is it improving? 
Do you have LCOs for 
equipment out for 
maintenance? 
How often are you in LCO 
conditions? 
How do you know that your 
operability tests are 
adequate? 
Do the drawings reflect the 
true configuration of the 
facility and its systems? 
Are the modifications included 
in drawings?. 

3.2 

0 Have there been any 
equipment-related fires or 
explosions? 

External 
0 Are there regulatory issues 

about the classification of 
materials that increase ES&H 
vulnerabilities? 
Are actions being taken to 
meet hazardous waste 
regulations that increase 
ES&H vulnerabilities? 
Have actions been taken in 
response to oversight 
organization recommendations 
that have increased ES&H 
vulnerabilities? 

0 Have any corrective actions 
been identified or taken as a 
result of additional 
assessments (e.g., Tomsk-ll 
or chemical vulndrability 
assessment)? Are there any 
other recommended 
references? 

0 

0 

3.3 Material 
0 Are there possible 

contaminants in process 
materials that might affect 
spontaneous reactions (e.g., 
Ca, Mg)? 

4.1 Contamination 
0 Have you reduced the square 

footage of surface 
contaminated areas? 

0 Arecontaminated areas 
spreading? 

4 2  Exposure 
0 Have you 

increased/decreased the 
number of high-radiation 
areas? 



0 What is your reportable 

0 What are the exposure 

exposure and contamination 
history? 

trends? 

4.3 Environmental Insult 
0 What environmental releases 

have been reported? 

4.4 Direct Injury 
0 What is the history of work- 

related injuries? 

4.5 Trends 
0 What are the trends for all of 

the above topics during the 
past 5 years? 

4.6 Incidentsmear-Misses 
What is the incident and 
near-miss history. 

0 

5.0 -Measures S u  

0 

0 

0 

0 

0 

0 

04ns/ss 

Is there an emergency planning 
and response program? Is it 
exercised to ensure its 
effectiveness? 
Have you identified likely 
accidents that reflect the current 
status of the facility and developed 
recovery plans? 
Have you identified hazards to 
workers in light of new missions 
and facility status? Are workers 
trained to deal with possible off- 
normal conditions/incidents? 
Are there backups to essential 
safety systems? Is their function 
verified? 
Are operations/activities overly 
dependent on an individual's 
personal knowlddge (i.e., is there 
important information that is not 
documented)? 
Are numerous compensatory 
measures in place to adjust for 

failed or absent safety systems? 
How long will they be in place? 

... 6.0 to 
SeMlritv 
0 Do lock-down procedures ever 

prevent access to resolve an 
adverse condition or prevent 
timely evacuation of a facility? 
What measures have been taken 
to minimize exposures during 
inspections, inventory, and 
material transfers? 
Are weapons allowed in areas with 
plutonium? 
What are the procedures for 
security response within an area? 

0 

0 

0 

IV. Walkdown 

The Working Group Assessment Team will 
determine which of the site's facilities 
require a walkdown based on review of the 
vulnerabilities identified in the Site 
Assessment Team report. Further 
walkdown of additional facilities may occur 
based on information from the tabletop 
sessions and feedback from Working 
Group Assessment Teams at other sites. 

The Working Group Assessment Teams 
should use the following topics as 
guidelines during their walkdown activities. 
The topics should be used as broad 
guidance, not as a checklist or data- 
gathering effort. 

1 .O Material Information 

0 

0 

0 

0 

What types of materials are 
processed or stored in the facility? 
Can you show us some stored or 
in-process material? 
Are the materials compatible with 
the storage environment? 
Do you have any method or 
technology for nonintrusive 
examination of materials and 
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packages (e.g., weighing, x-ray, 
or other radiographic procedures)? 

2.0 Barrier Information 
(In reviewing the following items in 
each facility, look for degradation of 
equipment or inoperative equipment. 
Safety response under both normal 
and abnormal conditions and 
environments is important. Review 
surveillance documentation and 
log books .) 

2.1 Physical Barriers 
0 Air Monitors (fixed head and 

portable) - What are the locations of 
the monitors? - What is the reliability of 
control room alarms? - Are processes monitored 
and controlled with 
instrumentation? - Are those instruments 
calibrated and tested? - What is the confidence 
level that instrumentation 
on inactive process 
systems is functional or 
will be functional when 
called on? - Is the operations 
response to upset 
conditions adequate? 

- Is the criiicality alarm 
system tested according 
to requiiements? 

- Is the system's sensitivity 
adequate? - Is the system audible 
throughout the facility? - Is there a supervisory 
alarm to detect criticality 
alarm failure? 

0 Radiation Sensors - Are area radiation 

0 Criiicality Alarms 

sensors functional and 
tested? 

- Are survey instruments 
and air monitors 
functional, calibrated, and 
strategically placed? - Are the correct (radiation 
type) instruments 
available for the task or 
environment? Are they 
tested and calibrated 
adequately? - Is extremity and whole 
body dosimetry utilized 
appropriately for the task? 

- Are heat sensors and 
indicators available in 
high-heat zones? - Are oxygen sensors and 
indicators utilized in 
confined spaces? - Are humidity sensors and 
indicators utilized in high- 
humidity spaces? - What are the alarm 
frequencies? 

- Have all potential leak 
paths to the environment 
been identified and 
mitigated? - Are criiicality drains 
functional and configured 
to analysis specifications? - Does the ventilation 
system have draining 
capability? 

ducts, drains, and filters 
been identified, 
measured, and mitigated? - Is there a continuing 
inspection or 
measurement program for 
holdup? - Is there a criiicality 
potentialboncem relative 
to holdup? 

0 Other Sensors 

0 Drains 

0 Material Holdup 
- H a s  material holdup in 

I 



- Do stagnant ventilation 
branches exist? 

0 Safety Systems (SS) 
- Are safety systems 

adequate to define the 
safety envelope? - Is there redundancy to 
safety system equipment? - What is the reliability of 
safety systems and their 
backups? - What is the maintenance 
backlog for safety 
systems? What is the 
downtime history? 
Are the reliability goals for 
safety systems adequate 
for the current facility 
mission? 

- 

0 HVACSystems - Do surveillance records 
for pressure zones and 
differentials show that 
they are maintained to 
design specifications? - Are high-eff iciency 
particulate air (HEPA) 
filters tested and replaced 
at the required 
frequency? - Does movement of 
Special: Nuclear Material 
(SNM) cease during 
ventilation upset 
conditions? - How are the HVAC 
systems inspected? How 
often are they inspected? - Are there pathways from 
the HVAC systems to the 
environment? - Are there interlocks on 
the HVAC systems to 
maintain negative 
pressure? 

- Are gloveboxes, gloves, 
and seals adequately 
maintained and inspected 

0 Confinement 

0 

as part of a surveillance 
program? - Are transfer lines doubly 
encased and 
flangeshralves wrapped in 
plastic? 

- Are ventilation ducts, 
plenums, and filters in 
goad condition? - Are doors functional and 
not propped open? - Is the integrity of the 
confinement system 
under adverse/accident 
conditions satisfactory? 

- Are response actions 
defined for confinement 
breech? 

Power - What is the reliability of 
the facility power source? - Is it backed up? - Is it tested and on what 
frequency? - If a battery 
uninterruptable power 
supply (UPS) is utilized, 
what is its design 
availability? 

2.2 Administrative Barriers 
0 Procedures 

- What are the personnel 
protection features. 
(clothing, etc.)? - Do personnel understand 
the importance of health 
protection? 

0 What is the maintenance 
backlog on control room 
equipment? 

0 Is lockouthagout utilized 
appropriately and according to 
procedure? 

0 Criticality - Are criticality safety limits 
(CSLs) posted? - Are inventories within, the 
CSLs? (Spot check 
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gloveboxes containing 
plutonium.) - Are waste storage areas 
covered by CSLs? If not, 
should they be? 

- Are there areas of 
restricted access? Why 
are they restricted? Are 
there provisions for 
emergency access? - Are personnel adequately 

. trained for their assigned 
jobs? 

0 Configuration Control - Is there a configuration 
control program? 

- Are drawings current and 
available for the facility 
and its systems? 

0 Personnel 

.. 3.0 Adverse Candltlans/Events 
(Discussion in this area is aimed at 
determining the presence of ES&H 
vulnerabilities in plutonium process 
equipment, whether the equipment is 
in use or inactive. Also v e r i  material 
and packaging information, especially 
for chemical forms of plutonium stored 
in plastic bags, cans, and drums.) 

3.1 In-facility Adverse 
ConditionsEvents 
0 Inside Gloveboxes - Arethere excess 

combustibles? - Is there evidence of 
degradation of 
confinement barriers 
(e.g., corrosion)? - Are materials neatly 
arranged and well 
labeled? 

0 P r o c e s s h a  - Are safety equipment and 
systems blocked? - Are there areas of 
r e s t r i c t e d a m ?  Why 
are the areas restricted? 

- Are there excess 
combustibles? 

Storage Area - Are the storage racks 
corroded? - Is the storage area clean 
and neat? - Can material be moved in 
or out with relative ease? - what are the 
requirements for 
personnel access? - Are there excess 
com bustibles? 

Hallways - Are there areas of 
restricted access or 
egress? Why are the 
areas restricted?, - Are safety equipment and 
systems blocked? 

Are there engineered or 
surreptitious alarm cutouts or 
bypasses? 
Are status boards functional, 
monitored, and responded to? 
What is the frequency of 
alarm conditions? How long 
does the alarm last and what 
is the human response? - Are the control room 

layout and functionality 
adequate? 

Storage Rack Conditions - Are plutonium storage 
racks securely fabricated 
and mounted? - Is corrosion evident? 

O2 Analyzers 
- Are readings consistent 

with LCOs? - Are the units operable? - Have there been 
recurring problems with 
the atmosphere? 

Gloveboxes - Are the gloveboxes 
serviceable? 



- Have there been 
recurring leaks/releases 
to the room? 
What is the condition of 
the gloves? What are the 
frequency and basis of 
the change out? 

used? 

- 

- Is proper shielding being 

0 Ion Exchange Columns 
What isthe ion exchange 
resin chemical form 
(anion or cation, chloride 
or nitrate, organic or 
inorganic)? 
Is it kept wet at all times? 
Is it protected from strong 
oxidizing agents (e.g., 
concentration HNO, or 
dichromate)? 
What is the plutonium 
holdup on the column? 
Do columns have 
pressure relief valves? 
Are the columns 
protected from elevated 
temperatures (>7OoC)? 

0 Solvent Extraction Systems - Is process equipment that 
contains organic solvents 
protected from elevated 
temperatures? - How is criticality 
controlled? - Are combustible or toxic 
solvents used? - Are leaks and spills of 
concern? 

- Is the operating history 
good? 

0 Tanks - Is there any way to detect 
internal corrosion in tanks 
and pipes? 
Is there a possibility for. 
inadvertent addition of 
incompatible chemicals? 

criticality control method? 

- 

- What is the primary 

What are the design life 
and age of the tank? 
If Raschig rings are used, 
what is their condition? 
Are sight glasses made of 
durable material? 
Are tanks subject to 
frequent leaks/spills? 
Are tank vents 
operational? 
Are stored plutonium 
solutions characterized? 
What is the planned 
response to leaks. and 
spills? 

0 Transfer Systems 
Are Gnveyor systems 
operable and in good 
shape? 
Are there safety problems 
with transfer systems? 
Are pipelines under. 
configuration control? 
Are pipelines subject to 
frequent leaks? 
Is there plutonium holdup 
in pipelines? 
Are vacuum or pressure 
systems working? 

0 Handling EquipmenvCranes - Are they in good 
condition and operable? - Are workers and material 
protected from accidents? 

0 CorrosiorVDegradation - Is the process equipment 
free from obvious 
corrosion and 
degradation? 

0 Flanges (on piping) - Are flanges 
maintainedfiorqued 
regularlfl - Are they subject to 
frequent leaks? - Are flanges shrink- 
wrapped to catch leaks? 

,s 



0 Material Holdup - How much fissile material 
is held up in process 
equipment? - what is the radiation field 
from the holdup? - Are there criticality safety 
considerations? - What is the chemical form 
of the holdup? 

- Are as-built drawings 
current for piping, process 

' systems, equipment, and 
electrical systems? 

- Are materials stored or 
used in potentially severe 
environments? 
Is there a history of 
upsevaccident conditions 
with co-located hazards? 

- Are co-located hazards 
adequately isolated? 

- Are there other energy 
sources that put the 
material in jeopardy? 

- Are there any potential 
interconnections between 
external equipment? - What is the maintenance 
backlog? How reliable is 
external equipment? - What potential hazards 
exist with external 
equipment? - What is the safety 
relationship between 
external equipment and 
the material at risk? 

0 Configuration Control 

0 Ca-located Hazards 

- 

0 External Equipment 

- 32 External Adverse 
Condit ions/Evedts 
0 Other Seismic Systems I ; 

1 - What is the consequence 
of a seismic event on 
water, steam, gases, 

vacuum, and compressed 
air systems? - Are these systems 
protected or their 
consequences mitigated? 
What, are the leak paths 
for contamination 
following a seismic 

- How is glovebox 
overpressurization 
avoided? - Are there chemical 
reactivity concerns 
following a seismic 
event? 

- Are storage arrays, 
shelves, and containers 
seismically qualified? 

-I Have gloveboxes been 
seismically restrained? - Has the facility been 
analyzed and seismically 
upgraded? - . Have the,utilities and 
HVAC syqems been 
analyzed apd seismically 
upgraded? ', 

- 

. event? I 

0 Seismic Qualifications 

3.3 Material-related Adverse 
Conditions/Events 
0 Radiation Levels - Are there area surveys 

showing neutron and 
gamma levels? If there 
are areas of high 
radiation, why? - Are there ducts showing 
high radiation levels? Do 
they affect operations? - what are the radiation 
levels In the walk-in 
storage vault? - What, are the radiation 
levels in the process 
areas? - what are the primary 
sources of the radiation? 

t 
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- Is shielding used for 
high-radiation sources? 

0 Contamination Levels - Are there areas showing 
removable alpha 
contamination? Should 
they be cleaned? - Are there areas showing 
direct (nonremovable) 
contamination? Should 
they be cleaned? 
Is paint or tape used to 

e mask cbntamination? 

- Are there contamination 
areas (on mask)? - Can operators perform 
functions safely? - Are there industrial safety 
concerns with operations 
and maintenance 
activities 

- 
0 Conditions 

0 Material Transfers 
Are there analyzed and 
specified limits on 
material transfers? 
Are engineered barriers in 
place to prevent human 
error in material 
transfers? 
What is the adequacy of 
the 
confinernenVpackaging 
for material transfers? 
what is the assurance of 
source and destination for 
solution transfers? . 

Are there any issues with 
chemical compatibility? 
What are @e engineered 
and administrative 
barriers for criticality in 
liquid systems? 

0 Package Integrity 

doing its job? 

required? 

- Is the package material 

- Is frequent repackaging 

0 Degradation 

- Is the material 
degradingchanging form? - Are the packaging 
materials degrading? - Is there an interaction 
between materials and 
packaging? - Are there time limits for 
storage in plastic bags? 

0 Tape Seals - Are tape seals stili in 
place? 

- Do they need frequent 
replacement? 

0 Drums - Are drum lid clamps in 
place? - Are drum vents needed? - Are drum vents corroded? - What are the drum 
radiation levels? 

0 Thermal Stabilization - Are materials analyzed 
before processing? - Are materials analyzed 
after processing? 
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ATTACHMENT 2 

ES&H VULNERABILITY ASSESSMENT FORM 

Vulnerability # 

Black: Title of Vulnerability. (<20 words) 

Black: Executive Summary. ( 4 0  words) Concise description of the sequence of 
events leading to the vulnerability. 

Black: Describe the ,material, packaging, barrier and facility combinations that 
contribute to the vulnerability. 

BLpck #4: Describe adverse conditions, events, and related concerns that contribute to the 
vulnerability. 

Black: Describe the likelihood of the event which causes this vulnerability and 
consequences which could result. I 



ES&H VULNERABILITY ASSESSMENT FORM 

Vulnerability # 

Black: Describe the timing of corrective actions (ii any). Use the terms immediate 
(imminent ES&H issue), near-term (ES&H issue that may become an imminent hazard 
with further degradation), or longer term (ES&H issues which are being mitigated by 
barriers/compensatory measures). 

Block:’ Additional comments, views, or plans by the site operations office and M&O 
Contractor to mitigate or minimize any potential vulnerability. 

Biack: Database Criteria. (Use identifiers from question set tables.) 

e e 
e e 

e v m :  

e 0 
0 0 

Potential Consequences. 

Environment Worker Safety and Health 

- Ground - Contamination 
- Water - Exposure - Air - Physical Injury 

Public Safety and Health 

- Contamination 
- Exposure 
- Physical Injury 

Signature, Team Member Signature, Team Leader 
i 
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AlTAkHMENT 3: Working Group Assessment Team 
and Site Assessment Team Report Outlines 

GROUP ASSESSMENT TEAM - 
0 

Executive Summary 

List of Facilities Included 

Evaluation of Site Team Report and Site 
Team Vulnerabilities - Facility A - Facility B .... - 
Summary of Additional Vulnerabilities 
Identified by Working Group Assessment 
Team - Facility A - Facility B .... - 

0 Working Group Assessment Team 
Vulnerability Assessment Forms 

0 Site Assessment Team Report 

0 Working Group Assessment Team 
Members 

0 References 

Guidance for Working Group Assessment 
Team Report: 

0 To the extent practicalI all supporting 
material should be typed in Word 
Perfect 5.1. Handwriften information, 
such as relevant tield notes from 
interviews or walkdowns, should be 
retained by the Working Group 
Assessment Team member and the 
Working Group Assessment Team 
leader. All material for the report 
including appendices, should be typed. 

0 Facility and material descriptive 
information should be brief and concise, 
limited to the detail required to support 
assessment conclusions. References 
should be relied on for more detailed 
descriptions (e.g., either the Site 
Assessment Team report or facility 
documentation, such as SARs and 
system or component design 
descriptions). 

The report will provide clearly defined 
technical bases for conclusions and 
identified vulnerabilities. 

0 

0 hW&s or- bv the Warking 
nt T- 

papers! W t  b g  
bv a 

PORI: 
OUTUNE 

0 Executive Summary - Summary by Facility - Site-wide Conclusions 

0 Identification of Facility - Brief Description - Holdings 

0 Discussion by Facility - Summary of Response to Question 
Set - I d e n t i f i c a t i o n  o f  E S & H  
Vulnerabilities 

APPElblblCES 

0 Site Team Membership 
0 Responses to Question Set (each 

facility) 
0 Vulnerability Assessment Forms 
0 References 
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ATACHMENT 4 

Proposed Agenda for Working Group Assessment Teams 

Before Day "0" 
0 Review ORPS report. 
0 
0 Review authorization basis documentation. 
0 Review environmental evaluations. 
0 

0 Identify required security clearances. 
0 
0 

Review .prior assessments (including recent field off ice assessments). 

Assign responsibilities and facility coverage to team members. 

Conduct site-specific training as applicable for each site. 
Coordinate with Site Assessment Team. 

Day "0" (Assembly on day prior to visit, usually Sunday afternoon or evening) 
0 
0 

Team arrives at designated hotel. 
Meeting in hotel. ream Leader is responsible for time and place of meeting.) 
Purpose: to organize site visit and responsibilities. 
1- Leader (or deputy leader) makes introductions with background (if needed). 
2- Leader (or deputy leader) reviews activities of site visit, names, locations. 
3- Leader (or deputy leader) reviews agenda for first on-site day and schedule 

for entire visit. 
4- Leader (or deputy leader) reviews protocol, reviews Assessment Plan, and 

modifies responsibilities as necessary. 
5- Team completes the review of documentation if not available prior to Day 0. 
6- Discussion is held. 

Day 1 (First on-site day) 
In-briefina 
0 Team meets with the host and external stakeholders: host and team make brief 

introduction covering backgrouqd, purpose, activities, and external stakeholders 

Team proceeds through access gates, takes required site-specific training if 
needed, goes to first meeting with the Site Assessment Team. 
Depending on size of site (number of plutonium facilities), host will provide 
overview briefing describing site, mission, history, locations of plutonium facilities, 
logistics (Le., tours, meeting facilities, etc.), overview of facility Question Set 
responses, make-up of Site Assessment Teams, physical security requirements, 
ana other information. 

0 At this point the Working Group Assessment Team may divide into smaller teams 
(/.e., subteams). Subsequent items below may therefore be done in parallel. 

provide their comments. ! 
0 

0 

I 

A s s m t  Team 
Begin procedure. The following items correspond approximately with the procedure. 
0 
0 

0 

0 

Site Assessment Team presents specific facility briefing. 
Site Assessment Team presents summary response to each question in Question 
Set. 
Working Group Assessment Team tours facilities and records additional 
information and potential vulnerabilities. 
Each subteam debriefs Workina GrouP Assessment Team at the end of each day. 

, -  .. e : . '  * 



Day 2 and Subsequent Days 

Note: 

0 

Note: 

Working Group Assessment Team completes facility tour (if not done on Day 1). 
Site Assessment Team presents ES&H concerns. 
Working Group Assessment Team evaluates concerns and records vulnerabilities 
using Vulnerability Assessment Forms (Attachment 3). 
Summary meeting of the two teams is held to review previous results (especially 
the vulnerabilities) for additional information and factual accuracy. 
Working Group Assessment Team meeting is held at end of day (attended by site 
coordinator). 

The above activities should result in concurrences and/or advisories to the Site 
Assessment Team so the Site Assessment Team report can be finalized. 

Working Group Assessment Team then concentrates on assessment of 
vulnerabilities using the methodology described in the procedure. 
Working Group Assessment Team organizes vulnerabilities and begins assembly 
of report. 
Working Group Assessment Team conducts factual accuracy review with Site 
Assessment Team as required. 
Working Group Assessment Team finishes draft of report (or section for &at 
facility). 

The above process will be repeated as needed to wmpiete reports for each 
faciliiy and then to assemble the final Working Group Assessment Team report. 
At the end of each day’s act’ ities, the Working Group Assessment Team leader 
will assemble the Team for I status meeting to organize the next day’s activities, 

Final Day 
0 Working Group Assessment Team conducts final (Le., exit) briefing with Site 

Assessment Team and site management, including review of draft Working Group 
Assessment Team report. 

0 Working Group Assessment Team departs. 
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Volume II - Appendix A 

A.3 

Guidance for External Stakeholder Involvement and Physical Inspections 
of Plutonium Materials in Storage (Letter May I O ,  1994) 

I 





Department of Energy 
Washington, DC 20585 

May 10, 1994 

MEMORANDUM FOR OPERATIONS OFFICE MANAGERS 

FROM: SARBES ACHARYA, PROJECT LEADER 
PLUTONIUM ES&H VULNERABILITY ASSESSMENT 

SUBJECT: PLUTONIUM ES&H VULNERABILITY ASSESSMENT: GUIDANCE 
FOR EXTERNAL STAKEHOLDER INVOLVEMENT AND PHYSICAL 
INSPECTIONS OF PLUTONIUM MATERIALS IN STORAGE 

This memorandum transmits the final versions of guidance for the Plutonium ES&H 
Vulnerability Assessment Project regarding 1 ) External Stakeholder Involvement, and 2) 
Physical Inspections of plutonium materials in storage. The draft versions of these guidances 
were transmitted to you on May 5, 1994 for your review and comment. 

There were no comments received on the guidance for stakeholder involvement 
(Attachment 1). Therefore, the final version of this guidance is the same as before. This 
guidance states that the Operations Off ices will coordinate all external stakeholder 
involvement and be responsible for notification, communications and logistical arrangements, 
and sets a minimum level of involvement. While each site already has policies and practices 
for local stakeholder involvement, implementation of the attached framework will provide 
consistency across sites for the minimum level of involvement of stakeholders, while allowing 
flexibility for additional involvement if desired. 

The comments received on guidance for physical inspections (Attachment 2) were related to 
ES&H, safeguards and security, and material/container integrity considerations for conducting 
actual inspections. An informal comment correctly recognized that the inspection of materials 
in containers with impaired integrity may lead to container failure, resulting in release of 
plutonium and leading to facility and worker contamination. These comments have been 
incorporated in the revised text of Attachment 2. 

Your site public affairs officer may contact me at (301) 428-9583 or Mary Freeman of DOE 
Public Affairs Office at (202) 586-6868 and Craig Lobdell of DOE Congressional, 
Intergovernmental and International Affairs Office at (202) 586-2779 if they need any further 
clarification. 

' 

Dr. Sarbes Acharya 
c/o Scientech, Inc. 
20030 Century Boulevard, Suite 210 
Germantown, Maryland 20874 
Telephone: (301) 428-9583 
Fax: (301) 428-31 04 

I 



cc: Area Office Managers 
Field Off ice Managers 
M&O Contractors 
Tara O'TooIe, EH-1 
Charles Curtis, S-3 
WGAT Team Leaders 
SAT Team Leaders 
Mary Freeman, CA-1 
Craig Lobdeli, CI-1 
Tom Rollow, EH-10 
Andy Marchese, EH-12 
Advisory Group Members 
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Attachment 1 

PLUTONIUM VULNERABILITY ASSESSMENT PROJECT 
GUIDANCE FOR EXTERNAL STAKEHOLDER INVOLVEMENT 

The following points are offered to Operations Offices as guidance for the involvement of 
external stakeholders in the Plutonium Vulnerability Assessment Project. This guidance 
should represent a minimum level of the opportunity for external stakeholder involvement. 

1, The Operations Off ices will coordinate all external stakeholder involvement, and be 
responsible for notification, communications and logistical arrangements. All 
communications with stakeholders will be through a point of contact designated by the 
Operations Office to assure consistent and accurate information and to provide for 
classification review (if necessary). The Operations Off ice should also coordinate their 
efforts with the DOE Headquarters Offices of Public Affairs (contact: Mary Freeman at 
202-586-6868) and Congressional, Intergovernmental and International Affairs 
(contact Craig Lobdell at 202-586-2779). 

2. Stakeholders will be notified of and provided the opportunity to attend the formal and 
unclassified in-briefing and out-briefing meetings between Operations Off ice 
management, M&O site management, the Site Assessment Team and the Working 
Group Assessment Team. The agenda for each meeting will allocate time for 
stakeholder participation. The Operations Off ice may provide a facilitator for 
stakeholder participation in the meetings. 

3. Depending on the site, there may be several levels of external stakeholder 
involvement. The following categories of stakeholders may wish to participate: 

(a) State or federal regulatory agencies. 

Some personnel may have a Q clearance, and the Operations Office 
may provide for additional site opportunities for these individuals. 

(b) Citizen or public interest organizations or groups, and interested 
individuals. 

(c) The press. 

The Operations Office will be responsible for defining any further involvement or 
participation of citizen/public interest groups or the press beyond the formal in-briefing 
and out-briefing meetings. 

4. To provide for clear communication and to prevent !misunderstanding, it is requested 
that the stakeholder issues be characterized in writing at or after the entrance meeting 
for the Assessment Teams and site management. Efforts should be made to limit 
issues to the scope and process of the Plutonium ES&H Vulnerability Assessment 
Project as outlined in the Project and Assessment Plans. 
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5. The Site Assessment Team and the Working Group Assessment Team will consider 
stakeholder comments and concerns. It is not intended that separate responses will 
be prepared for stakeholder issues by the assessment teams, but this can be decided 
on a case by case basis, and site protocol should dictate the course of action. 

6. Technical information about the Project needed for any communication with 
stakeholders should. be provided by the designated site point of contact, working in 
coordination with the local public affairs staff. 
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Attachment 2 

PLUTONIUM VULNERABILITY ASSESSMENT PROJECT 
GUIDANCE FOR PHYSICAL INSPECTIONS OF 

PLUTONIUM MATERIALS IN STORAGE 

Operations Office managers, the M&O contractor and the Site Assessment Team should 
consider the following additional guidelines in preparing their answers to the Question Set. 
The objective of this study is to perform a comprehensive assessment of the ES&H 
vulnerabilities. To ensure the credibility of the study, this assessment should rely, to the 
maximum extent practical, on physical inspection of the material in its existing packaging or 
containers (e.g., cans, bottles, tanks, etc.) combined with appropriate records and data to 
formulate sound conclusions. The assessment should consider a 5 to 10 year extension of 
current configurations, or make appropriate conservative assumptions about the minimum time 
that material will remain in its current configuration. Further: 

1. 

2. 

3. 

4. 

5. 

6. 

Information about physical and chemical conditions of the materials and packaging 
should be current, preferably within the last year, since rapid degradation has been 
observed in some material packages. 

The scope and rigor of MC&A inspections should be evaluated to determine if they can 
be relied upon to provide detection of degraded materials, containers or systems. It is 
not clear that such inspections currently provide adequate assurance of detection of 
ES&H vulnerabilities. 

If inspections hqve not occurred, or are judged to be not reliable for the requisite 
information, sampling inspections of potentially vulnerable containers could be 
considered. If inspections are done prior to the Working Group Assessment Team 
visit, samples should be available for evaluation during the visit. 

ES&H, safeguards and security, and material/container integrity considerations must 
prevail in considering whether to conduct physical inspections. If physical inspections 
are to be performed, all requirements must be followed, including establishment of 
appropriate safety envelopes, procedures, training, worker exposure limits (consistent 
with AURA principles), and planning for emergency response. 

The Site Assessment Team Report should document the basis for any results or 
conclusions about material and package conditions. 

If actual inspections can be performed, the results should be documented. 

If inspections cannot be performed, then a technical basis for continued storage 
under current conditions, and/or a conclusion that currently there are no actual 
or potential vulnerabilities, should be documented. 

The assessment schedule should be a consideration in deciding whether to conduct 
physical inspections, or to describe uncertainties about material and container 
conditions as an ES&H vulnerability with appropriate conservative assumptions. 
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A.4 

Guidance for Vulnerability Screening Criteria; Vulnerability Evaluation and 
Prioritization Process; and Vulnerability Quantification for Prioritization 
(Letter June 3, 1994) 





Department of Energy 
Washington, DC 20585 

June 3, 1994 

MEMORANDUM FOR WORKING GROUP ASSESSMENT TEAM LEADERS AND SITE 

FROM: 

SUBJECT: 

ASSESSMENT TEAM LEADERS 

SARBES ACHARYA, PROJECT LEADER 
PLUTONIUM ES&H VULNERABILITY ASSESSMENT 

PLUTONIUM ES&H VULNERABILITY ASSESSMENT: GUIDANCE 
FOR: VULNERABILITY SCREENING CRITERIA; VULNERABILITY 
EVALUATION AND PRIORITIZATION PROCESS; AND 
VULNERABILITY QUANTIFICATION FOR PRIORITIZATION 

Please find enclosed the following documents for your use during Plutonium ES&H 
Vulnerability Assessment. These are: 

1. 
2. 
3. 

Screening Criteria for Plutonium ES&H Vulnerability Assessment 
Evaluation/Prioritization of ES&H Vulnerabilities 
Guidelines for Estimating Radiological Dose and Environmental Contamination as 
Measures of Vulnerability Severity 

Please note that Document 1 is identical to the one separately transmitted to you on May 
18, 1994. It is enclosed here for consolidation only. Drafts of Documents 2 and 3 were 
transmitted to you and others on May 19, 1994 for comment. The Project Support Group 
reviewed all comments received and is preparing response to them for record. Comments 
which necessitated changes to the drafts have been incorporated in the enclosed final 
versions. 

Document 3 is an analytical back-up for Document 2. It has been implemented as a 
computer software which is also enclosed for your use. 

You may contact me a t  (301) 428-9583 or write to me at the following address if you 
have any questions. 

Dr. Sarbes Acharya 
c/o Scientech, Inc. 
20030 Century Boulevard, Suite 21 0 
Germantown, Maryland 20874 
Telephone: (301) 428-9583 
Fax: (301 ) 428-31 04 

Enclosures: Documents 1, 2, 3, and computer software on diskette as stated above 

cc w/o diskette: 
Advisory Group Members 
Area Office Managers 
Field Office Managers 
M&O Contractors 
T. O'Toole, EH-1 

P. Brush, EH-2 

A. Marchese, EH-12 
J. Fitzgerald, EH-30  
H. Pettengill, EH-40 

T. Rollow, EH-10 





Screening Criteria for Plutonium ES&H Vulnerability Assessment 
. .  

Directions; Use the following Screening Criteria to identlfy adverse conditions which could result 
in potential vulnerabilities for plutonium storage or operations. Preserving plutonium material in 
its intended state and emplacement of various barriers to ip release form a part of a "defense in 
depth" system for preventing and mitigating consequences to workers, the public, and the 
environment. Any defect in the material state or barriers should be considered to be a potential 
vulnerability and the remainder of the "system," the potential events and compensatory measures, 
should be conservatively evaluated to determine if a vulnerability exists. 

Criteria are developed based on a zero defect or zero tolerance standard in order to rigorously 
evaluate the potential for vulnerability. If a criterion is not met, the assessment will conservatively 
evaluate the capability of redundant and multiple barriers to prevent or mitigate consequences. The 
severity of the vulnerability will depend on the inyentory of the material at risk and the postulated 
scenario for the event which results in the vulnerability. 

In all cases, a facility should apply its own criteria if there is a defensible technical basis for the 
criteria. This set of criteria should not be considered to be all-inclusive and the expert members of 
the assessment teams should review the list for applicability and completeness. 

J 

1.0 Materials - There must be no change, indication of an impending change or inference of a 
change from observations with similar materials (when direct observation of the assessed material 
may not be practical) in the chemical or physical form of the material. 

Criticality safety must have been analyzed and allowance made for any possible c h g e s  in the 
physical or chemical form of the material or in the storage array. 

Disassemb led Weapons Co muonents PI 'tQ - Unacceptable conditions include: failed tube seals, 
failed joints or welds, and unanalyzed alterations in storage arrays. 

Plutonium Metal - Unacceptable conditions include: oxidation of metal as evidenced by the 
presence of removable quantities of plutonium oxide, presence of plastic or organics in the 
proximity of metal, water vapor or hydrogen in contact with the metal, and measurable weight gain 
(>0.5%)or volume change or increase in neutron generation rate. 

Plutoniu m h  'de - Unacceptable conditions include: any presence of moisture or water in contact 
with the oxide, piastic or organics exposeid to oxide powder, unstabilized oxide, and unknown 
conditiordcharactexization of the oxide. 

ScraD/Residues - Unacceptable conditions include: high radiation fields from Molten Salt 
Extraction salts, corrosive gas generation and high neutron radiation fields by plutonium fluorides 
and sand, slag and crucibles (including meacted Ca metal and 0, acid fumes andor hydrogen 
generation in ion exchange resins and wet combustibles (particularly if gases can collect), high 
radiation fields from americium buildup in higher plutonium concentration residues, water 
absorption, hydrogen generation, and corrosion by pyrochemical salts, reactive metals or materials 
in pyrochemical salts, strong nitric acid in contact with leaded rubber gloves, potential for the 
presence of RCRA regulated material mixed with scrap/residues, exposure of ion exchange resins 
to heat (>70'C) or >9a nitric acid, drying out of ion exchange resins in columns (e half full of 
water or very dilute (-0.333 nitric acid), plastic in contact with contaminated scrap/residues, 
combustibles with residual nitric acid present and presence of pyrophoric plutonium hydride. 
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Solutions - Unacceptable conditions include: leakage of liquids, corrosive gas release from acid 
solutions. corrosion and embrittlement of containers. hydrogen generation from radiolysis in 
unvented or uninerted containers, combinations of combustible organics and oxidizers which could 
be expected to explode and disperse radioactive materials, and potential for sludge formation in low 
acidity high plutonium concentration solutions because of radiolytic destruction of acid (c. .Age in 
criticality margin). 

Sealed Sources - Unacceptable conditions include: loss of integrity of the container, missing 
quality control documentation, and missing inventory. 

Unirradiated Reactor Fuel - Unacceptable conditions include: breached cladding, cladding 
weakened by corrosion, and unanalyzed alterations in storage arrays. 

Holdup - Unacceptable conditions include: unaddressed radiation fields or criticality safety 
concerns (uncharacterized material), blockage of ventilation or drainage paths, and radiolysis or 
corrosion of fiiters. 

High Level Liquid Waste - Not in scope. 

TRU Waste - Not in scope unless co-located, then similar to scrap/residues. 

Other - SD e c ~  - Facilities which identrfy materials in this category should develop criteria for 
unacceptable conditions. 

2.0 Barriers 

PackarrinP Barn 'eQ - Unacceptable conditions include: evidence of deterioration or degradation as 
indicated by corrosion, discoloration caused by thermal or radiolytic attack, cracking or other 
phenomena; evidence that the physical integrity of.the package is challenged by deformation due to 
pressurization (bulging, seam splitting, rupture); direct contact between the material and organic 
packaging for time in excess of one year (unless a longer time can be justified by specific 
packaging inspection data); innermost packaging is unhown, (unless justification of acceptability 
documented, i.e., frequent surveillance); barriers intended for temporary storage which have 
exceeded design life; atmosphere not controlled within the package (including packages without 
verifiable sealing); and atmosphere outside the container different than that required within the 
container. 

Barriers for Worker Protecti 'on - Unacceptableconditions include. a workplace where respiratory 
protection is routinely required for worker activities, areas or rooms which are contaminated and 
entry is either not allowed or severely restkted (Le., entries have routinely required respiratory 
protection); a confinement system (e.g., glovebox and ventilation system) exhibiting failures as 
evidenced by documented contaminaton incidents; seals which leak contaminated material or allow 
contaminants into controlled atmosphere storage areas; equipment (Le., seals, gloves, valves fire 
suppression system) which is a banier to release not maintained; vital monitoring system ( . heat 
detection, criticality monitoring, continuous air monitors) which is not properly maintaineu give 
false alarms, rotation of personnel to meet radiation exposure limits: areas of high radiation i .*io0 
6); personnel exposure levels exceed the recommended guideline limits; radiation increasing 
due to daughter product in-growth (e.g., Am-241) or neutron level increase due to oxidation to 
levels above a shielding design bask  transfer or remote handling systems which require significant 
exposure to maintain, gloveboxes, ducts, or other equipment with significant plutonium buildup 
( M O  grams). 
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Barriers for Public and En vironmentd Protectioq - Unacceptable conditions include: actual or 
postulated (under acceptable analytical methods) releases to the environment: exposure to the public 
under design basis accident conditions: unverified design or construction to satisfy seismic criteria; 
inoperable or untested frre detectionhppression systems; liquid containment or W A C  
confiement systems which are not maintained functional or verified for operability. 

V 1 - Many administrative controls serve as "barriers" rather than as 
compensatory measures. The following administrative controls should be considered in the 
assessment. in so far as they impact the ES&H vulnerabilities. 

1. 

2. 

3.  

4. 

5. 

6. 

7. 

8. 

9. 

10. 

Configuration control program which provides certified documentation and controls the 
operability status of all safety systems. 

An emergency preparedness program for thefacility. 

A training program which provides training and qualification on facility hazards, safety 
equipment and alarm response procedures. 

A conduct of operations program which assures controlled operations. 

The facility will have an authorization basis developed from a Design Basis Accident 
Analysis. This authorization should establish operational and safety requirements and limits. 

A quality assurance program should be in place to assure operations are conducted to 
specifications. 

A preventative maintenance program to assure operability of systems. 

A staffing policy to ensure organization staffing, resources, and communications to deal with 
process hazards and mitigation of staff turnover. 

A facility hazards analyses which provides established safety and procedural requirements for 
worker, public, and environmental protection. 

A Material Control and Accountability and Security program to assure that material remains in 
its intended location. 

During the training program, presentation information was provided for evaluating most of the 
important administrative controls which constitute a majority of the Compensatory Measures 
(Question 6). Also during the training program, additional information was handed out on 
examples of preventive administrative controls. 
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Evaluation/Prioritization of ES&H Vulnerabilities 

Background: Screening Criteria are used to identify adverse conditions resulting in potential 
vulnerabilities for plutonium storage or operations. Screening criteria are based on a zero defect or 
zero tolerance standard in order to evaluate the maximum potential for vulnerability. 

Preserving plutonium material in its intended state and emplacement of various barriers to its release 
form a part of a "defense in depth" system for preventing and mitigating consequences to workers, 
the public, and the environment. Any defect in the material state or barriers should be considered to 
be a potential vulnerability, and the remainder of the "system," the potential events and compensatory 
measures. should be conservatively evaluated to detexmine if a vulnerability exists. The severity of 
the vulnerability will depend on the inventory of the material at risk and the postulated scenario for 
the event. 

QuantitatiA estimates will generally have large uncertainties for radiological dose or environmental 
contamination from radioactive material release that may be associated with an identified 
vulnerability. Time constraints on this project do not allow performing quantitative estimates of these 
uncertainties. Therefore, a simplified, consistent and conservative method to allow 
evaluatiodprioritization of vulnerabilities is required. 

Directions: Since this vulnerability assessment is intended to be used only for baseline information 
for developing options for safe managemers of the plutonium holdings, scoping estimates of dose and 
environmental contamination using conservative assumptions and bounding experimental data will be 
appropriate. These estimates will also require site-specific data to be obtained by the Working Group 
Assessment Teams. The required site-specific data are identified in Attachment A. The WGATs will 
record the data in a specific database format associated with the Vulnerability Assessment Form 
WAF). The WGATs will also perform the analysis as a part of the verificatiodvalidation effort 
using the guidance provided in Attachment A. This will be done following review Ythe response to 
VAF questions. WGAT's may request assistance of the Support Group in performing the analysis if 
there is uncertainty about the assumptions. 

It should be recognized that this effort will likely result in estimates from the upper end of the 
uncertainty range. With this perspective, input values from Safety Analysis Reports (SARs)  for 
various parameters in the dose or environmental contamination calculation chain will be checked to 
assure that consistency is assured in the way the values are obtained for this assessment process. If 
any non-conservative values are identified, they will be adjusted by more uniform consehative values 
for this analysis, the rekons documented, and added to the database. The resulting "adjusted" 
release, dose, or exposure will be used as a ComDarative measure of "severity" of the vulnerability. 
See the Attachment A guidelines for estimating radiological dose and environmental contamination for 
this vulnerability comparison. Following the conservative quantitative evaluation, the measure of 
severity will be compared to the reference levels stated below to group the vulnerabilities into high, 
medium, and low categories. 

/ 
/' 

The categories are defined as follows: 
0 

e Worker Safety and Health (including co-located worker) 

-High- Death, disability, exposure, or wntamlnatl * 'on leading to potential 
short-term radiological health effects; dose greater than 50 rem 
CEDE. 
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-Medium- Lost-time injury, exposure above highest annual regulatory limits for 
routine operations: dose greater than 5 rem CEDE. 

-Low- Reportable injury, bodily contamination. or exposure above expected 
annual value for routine operations. 

e Public Safety and Health 

-High- Exposure above offsite emergency response levels; dose greater than 1 
rem CEDE. 

-Medium- Exposure above highest annual regulatory li.miG for routine 
operations; dose greater than 100 mrem CEDE. 

-Low- Exposure does not exceed limits but may require notification of 
public. 

0 Environmental Damage 

-High- Event results in offsite measurable contamination above background. 

-Medium- Event results in only onsite measurable contamination outside of 
Radiological Control Area. 

-Low- Event results in onsite measurable contamination which may not 
require cleanup. 

The likelihood will be determined based upon the following criteria: 

-High- Condition currently exists or event is likely to occur within two years. 

-Medium- Event is not likely to occur immediately but is likely to occur within a 
two- to five-year time frame. 

-LOW- Event is not likely to occur within the next five years but is likely to 
occur within the expected life of the facility. 

Those vulnerabilities that fall within the HH, HM, MH, MM, HL, and LH combinations of severity 
and likelihood will be subject to further simple verification. Other combinations (LL, LM, and ML), 
representing lower hazard and lower likelihood, will be identified for completeness. The 
vulnerabilities can be logically grouped by type of vulnerability as well as categorized for corrective 
action. Examples of such groupings are: 

0 Material which is degrading due to package degradation and requires expedited 
management action, such as temporary repackaging, in less than a year. 

Packages which are suspected to be degrading due to design life considerations which 
require repackaging within five years. 



e Barriers which are ineffective for protecting the environment and should be modified 
within five years. 

A DOE sitewide matrix will be prepared for the Working Group by the support group. This matrix 
will be subject of discussion and verification in the second Working Group meeting. The Working 
Group will approve the final evaluationlprioritization and categorizations for summary report 
preparation. 



Attachment A 

Guidelines for Estimating Radiological Dose and Environmental 
Contamination as Measures of Vulnerability Severity 

Quantitative estimdes of radiological dose and environmental contamination that may be associated 
with an identified vulnerability generally will have large uncertainties. Time constraints on this 
project do not allow us to perform quantitative estimates of the central values of dose and 
environmental contamination or address upcertainties in their estimates. However, since this 
vulnerability assessment is intended to prdvide baseline information for developing options for safe 
management of the Department’s plutonium inventory, scoping estimates of dose and environmental 
contamination using conservative assumptions and bounding experimental data in the calculation chain 
will be appropriate. This would likely capture the contribution from the upper end of the uncertainty 
range. With this perspective, the following steps should be used to estimate the scoping values of the 
dose and environmental contamination for a given vulnerability. 

The Working Group Assessment Teams (WGAT) will be responsible for analysis, comparing to the 
severity categories, and prioritizing the vulnerabilities. This analysis will be coordinated with the Site 
Assessment Team (SAT) Leaders and appropriate personnel to review and concur with the analysis. 

Standard Methods for Estimating Dose and Environmental Contamination 

The following sections describe simple, standard methods for estimating dose to aii individual and 
environmental contamination from a release of radioactive material from a facility. 

A. Material released to the outside of the facility 

1. Dose from inhalation of radioactive material by an individual outside the facility (co- 
located worker or public) is calculated as follows: 

Dose = Ci MAR, (g) f i  SA,(ci/g) x/Q (s/m3) BR (m3/s) CEDEi (redci) (1) 

In the above: 

0 

0 

e 

MAR, is the isotopic material (of kind i) at risk associated with the 
vulnerability under evaluation (g). 

f i  is the conservatively assumed respirable fraction of material at risk 
released to outside of the facility due to adverse conditions (zero 
tolerance) at hazard critical control points (see note at the end). This 
may range from a fraction of a percent to a few percent based on 
scenarios. 

The factor, fi, is the product of the damage ratio (DQ (Le., fraction 
of MAR, damaged from the event), airborne release fraction (MJ, 
respirable fraction (RFJ and leak path fraction (LPFJ appropriate for 
the location of the event (See Tables 1 and 2). 

SA, is the specific activity of the radioisotope i(ci/g). 



B. 

0 

0 

0 

0 

x/Q is the conservatively assumed value of atmospheric dilution factor 
at the location of target individual (i.e.. co-located worker or public) 
(s/m3). Use values from US NRC Regulatorv Guide 1.3 plot 
(attached) for atmospheric stability class F, wind speed 1 ds for'short 
term (0-8 hr) and ground level release. 

BR is the breathing rate of an active individual (3.5 x lo4 m3/s) 

CEDEi is the committed effective dose equivalent due to inhalation of 
unit quantity of radioisotope i (redci inhaled) based on values from 
DOE/EH-0071, Internal Dose Conversion Factors for Calculation of 
Dose to the Public (See Table 3) 

Summation is over all types of radioisotopes, i, present in the release, 

2. Gamma shine dose to an individuai'from immersion in a radioactive cloud outside the 
facility (co-located worker or public) is calculated as follows: . 

Dose = Ci MAR, (g)*fi SAi(ci/g) *x/Q (s/m3) EEDi (rendsec per ci/m3) (2) 

In the above: 

0 

0 

0 

MAR,, SA, and x/Q have the same meanings as before. 

f i  is the conservatively assumed fraction (respirable plus non- 
respirable fractions) of material at risk released to outside. 

The factor, fi, is the product of the damage ratio (DRJ, airborne 
release fraction (ARFJ and leak path fraction (LPFJ appropriate for 
the location of the event. 

EEDi is the external effective dose rate for radioisotope, i, due to 
immersion in contaminated air (rem/sec per cum3) based on values 
from DOEEH-0070, External Dose Rate Conversion Factors for 
Calculation of Dose to the Public (See Table 3). 

Material released to the interior of the facility 

1. Dose from inhalation of radioactive material by an individual worker inside the 
facility is calculated as follows: 

Dose = Ci MA& (g) Fi SA, (ci/g) BR (m3/sec) AT (sec) CEDEi (remlci)/ 
V W )  (3) 

In the above: 

0 

0 

MAR, and SA, have the same meanings as before. 

Fi is the conservatively assumed respirable fraction of material at risk 
released to the atmosphere inside the facility surrounding the worker 
due to adverse wxuiitions (zero tolerance) at hazard critical control 



points (see note at the end). This may range from fraction of a 
percent to tens of percents based on scenarios. 

The factor, Fit is the product of the damage ratio (DRi), airborne 
release fraction ( M i ) ,  respirable fraction (RFi). 

0 V is the volume of air surrounding the worker (such as 3m x 3m x 
3m) in which the release material would be airborne immediately 
following the release (m3) 

0 BR is the worker's breathing rate (3.5 x 10-4m3/s) 

0 AT is the time during which the worker breathes the contaminated 
air without respiratory protection and before being evacuated (s). A 
reasonable minimum value should be assumed. 

0 CEDQ (rem/ci inhaled) is as discussed before 

No credit will be given for exposure interdictions such as diethylene triamine 
penta-acetic acid (DTPA) administration, lung lavage, nasal irrigatin, etc. 

Dose to an in-facility worker from gamma shine or neutrons due to release of 
material inside the facility is not simple to calculates. Attempts should be made for 
inferring such dose from measurement and professional judgment. 

2. 

C. Criticality Events 

All criticality events that are likely to occur within the life of the facility are "high" 
vulnerabilities for interior of facility,. A bounding release of 1019 fissions should be 
assumed for frssion product released to the outside of facility. 

D . Environmental Contamination 

The following equation should be used to calculate the environmental contamination. 
Specific Activity values for different isotopes and the bounding values for ARF and RF for 
this calculation. 

Contamination (dps/m2) = ZMARi (g). fi SAi (ci/g)*;c/Q (s/m3)- v d  (m/s)* (3.7~101~ 
dpdCi) (4) 

In the above: 

0 MARi, fi, SAi, and ;c/Q have the same meaning as in equate (2) 
above. 

0 Vd, is the ground deposition velocity. The value of 0.01 m/s should 
be used. (Reference provided on 8/19/94 USRNC's WASH-1400 
and NLTREG-1150) 

Information that are required for performing the above calculations will be from three sources: 

1) existing Safety Analysis Reports and studies, 
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2) from published standard values, and 

3) from this vulnerability assessment. 
* .  

For each vulnerability identified. the first step is to ahcertain the rVllt.+:js!_~+ ')isk the Damape F -- rtio 
. and building Leak Path Fraction. For worker exposure in each event, the duration of time, AT iat 
worker breathes the contaminated air, the volume of air surrounding the worker at the locatior the 
event will be required. 

The values for Airborne Release Fraction, and ResDirable Fraction, were in the presentation package 
prepared by Jofu Mishima. These values have beeh published in chapter 4 of the "U.S. DOE Safety 
Survey Report, Nov. 1993". and incorporated in the U.S. DOE "Recommended Values and Technical 
Bases for Airborne Release Fractions (ARFs), Airborne Release Rates (ARRs), and Respirable 
Fractions (RFs) at DOE Non-Reactor Nuclear Facilities (draft), DOE-HDBK-0013-93." Bounding 
data from Mishima's presentation on ARF and RFapplicable to plutonium are shown in Table 1. 

Leak path fractions to be used in these scoping calculations are shown in Table 2. 

The Specific Activities. Committed Effective Dose Eauivalent, and External Effective Dose Rates 
came from the following references: 

DOEEH-70, "External Dose Rate Conversion Factors for Calculation of Dose to the Public" 
DOE/EH-71, "Internal Dose Conversion Factors for Calculation of Dose to the Public" 

The values required for selected radionuclides are contained in the materials provided during the 
Plutonium ES&H Vulnerability Assessment team training in Colorado Springs. These values are 
included in Table 3. 

' 

NOTE: In the context of the Plutonium ES&H Vulnerability Assessment, the tenn "hazard critical 
control points means the following: 

1) Hazard Control at Source: Maintaining the plutonium material at risk in its intended 
condition (Le., metal remains as metal, oxide remains in a stable fonn, etc.) is the first 
hazard critical control point. 

2) Hazard Control bv Packanina Material: Maintaining the packaging and containers in their 
intended conditioll (i.e., metai containers remain sealed; intact plastic bags retain 
contamination; plastic bottles do not leak; solution tar& and pipes do not leak; drum 
maintain their integrity; etc.) is the second hazard critical control point. 

3) Hazard Control bv Barriers: Maintaining the barriers in their intended condition (Le., 
gioveboxes and their associated seals continue to contain or confine contamination and 
provide adequate radiation shielding; Raschig Rings and other neutron poisons retain their 
functions: concentration controi is not compromised; HEPA filters perjonn their filtering 
#n&o% ven!iMon system m'm*ns srtfficienr aiflflw; b i v  Cixygen atmcipheres stay below 
intended 0, concentrm'on limits; vaults provide shielding and protection against seismic 
events; b W n g  wails are sufficient to withstand seismic, wind and impact events; sites are far 
enoughflom public access, etc.) is the third hazard m*tid control point. 

4) Hazard Control bv cOm&atorv Measures: Impiemm'ng and maintaining compensatory 
measures (Le., maintaining a high quaiity sqfkty culture and safety basis for facility 
operations: proviciing and ensuring use of appropriate procaiures for configuration controi, 

I 



operations and activities; proper training of personnel on procedures and required job knowledge; 
analyzing for and using criticality safety limits; ensuring comprehensive understanding of 
plutonium-associated operations and activities; adhering to Conduct of Operations principles; 
exercising emergency management plans and procedures; monitoring radiation $el& and personnel ' 

exposures, etc.) form the fourth and last hazard critical control point. 
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Table 1 

Bounding Vades for Airborne Release Fraction (ARF) and Respirable Fraction (RF) 

Conditions for Airborne Release 
Plutonium Metal - Solid 

'Burning Pu metal 

Plutonium Oxides - Powder 
Fxee fall and debris impact on Pu and Pu oxide powders - as a 
result of seismic activity. 

breached by impact 
Free fall spill of Pu oxide powder from 
e 3 meters height (10 fi.) 

Explosive release of Pu oxide blast effect, accelerated air flow, 
parallel to surface, e 0.14 Ml?a (20 psi) 

0.14>E> 0.34 MPa (20 psi-50 psi) 
Venting Pressurized Powders, e 3.4 MPa(5OO psi ) 
Others 
Natural convection of non-reactive Pu compounds, heating to e 
lo00 co 
Natural convection of reactive Pu compounds (except PuF4) , 

Airborne release from free-fall of solid metal pieces and chips 

Falling molten drops/ disturbed surface 

Release of Pu oxide powder from a can after can integrity is 

Mechanical shock-vibration of clump Pu oxide powder 

Explosive release of Pu oxide powder, blast effect 

ARF RF 

0 .  0 
5x10-4 0.5 
10-2 1 

10-2 0.3 

10-3 (a) 0.1 (c) 

3x10-3 (b) 0.6 (d) 

10-3 0.1 
10-1 0.7 

1 1 

10-1 0.5 (e) 

(jx10-3 0.01 

1x10-2 0.001 - - 
heating to e 1000 Co 
Natural convection of PuF4, heating to e 1000 Co 

~ ~~- 

1 n-3 1 n-3 

Note: The above table is adapted from the ARF and RF table published by Jofu Mishima in 
Chapter 4 of "U.S.DOE Safety Survey Report, Nov. 1993", and also incorporated in U.S. DOE 
"Recommended Values and Technical Bases for Airborne Release Fractions (ARFs), Airborne 
Release Rates (ARRs), and Respirable Fractions (RFs) at DOE Non-Reactor Nuclear Facilities" 
(draft), DOE-HDBK-0013-93. For a more complete list of release conditions, the original table 
should be used. 

- .. 

Free fall of aqueous solutions 
Free fall of Pu oxide in slurry form 

(a) changed to 5x10-3; (b) changed to 2x10-3; (c) changed to 0.4; (d) changed to 0.3; 
(e) changed to 0.7; and (f) changed to 0.5 
Above changes were recommended by Dr. Jofu Mishima. 

- v  

2x10-4 03 (f) 
5x10-5 0.8 
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Table 2 

Recommended Values for Leak Path Fraction &PF) 

CONDITION 

No HEPA fiiter, exhaust blower operating 

No HEPA filter, exhaust blower not operating 

HEPA fit& 
single stage 

.HEPA filter I 

multiple stages 

LPF 

0.5 

0.1 

0.01 (filter bypass fraction) 
+ 0.99~10-3 (through fdter) 

3.01 1* 

No fiter bypass 
10-3 through the entire train of filters ** 

*LPF changed to 10-3 

**LPF changed to 10-6 

Both these changes resulted from discussion in the team leaders meeting, August 8-12,1994. 
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Table 3 

Radio-Nuclide 

Inhalation Dose Factors and Air Immersion Dose Rate Factors for Plutonium and Other Isotopes 

Inhalation Dose Factors Air Immersion 
Dose Rate Factors 

Half Life (day) Specific Activity CEDE CEDE EED EED 
W g )  (redci inhaled) (rem& inhated) (redsec per rem/sec per g/m3) 

ci/m3) 

U-233 
Np-237 
Pu-236 
Pu-237 
Pu-238 
Pu-239 
Pu-240 
Pu-241 
Pu-242 
Am-241 
Am-242m 
Cm-242 
Cm-243 
Cm-244 
Cm-245 
Cm-246 
Cm-247 
Cm-248 
Cf-248 
Cf-249 
Cf-250 
Cf-251 
Cf-252 
Cf-253 
Cf-254 

5.81E+07 
7.828+08 
1.04E+03 
4.538 +O 1 
3.20E +04 
8.818+06 
2.398+06 
5.26E + 03 
1.378+08 
1.58E+05 
5.55E+04 
1.63E + 02 
1.04E+04 
6.61E+03 
3.10E +06 
1.73E+06 
5.70E +09 
1.24E+08 
3.338+02 
1.288+05 
4.78E+03 
3.29E +05 
9.64E+02 
1.78E+01 
6.05E+01 

9.64E-03 

5.32E +02 
1.228+04 
1.71E+01 

7.048-04 

6.2OE-02 
2.28E-01 
1.03E+02 
3.948-03 
3.43E+00 
9.72E+00 
3.3 1E + 03 
5.16E+01 
8.09E + 01 

3.07E-01 

4.24E-03 
1.58E+03 
4.09E+00 
1.09E + 02 
1.58E+00 
5.37E + 02 
2.908+04 
8.49E +03 

1.72E-01 

9.278-05 

1.30E+08 
4.90E+08 
1.60E+08 
1.60E +03 
4.60E+08 
5.10E +08 
5.10E+08 
1.00E+07 
4.80E +08 
5.208+08 
5.10E + 08 
1.70E+07 
3.50E+08 
2.70E+08 
5.40E +08 
5.40E+08 
4.90E+08 
1.90E+09 
4.308+07 
5.508+08 
2.20E + 08 
5.608+08 
1.30E+08 
3.00E+06 
2.80E+08 

1.25E+06 
3.45E+05 
8.51E+ 10 
1.948+07 
7.888+09 
3.16E+07 
1.16E+08 
1.03'E +09 
1.89E +06 
1.78E+09 
4.96E+09 
5.62E+ 10 
1.81E+10 
2.18E+ 10 
9.28E+07 
1.668+08 
4.54E +04 
8.06E+06 
6.79E+ 10 
2.258+09 
2.40E+ 10 
8.858+08 
6.988+ 10 
8.698+ 10 
2.388+ 12 

3.80E-05 
3.65E-03 
1.89E-05 
7.64E-03 

1.30E-05 
1.40E-05 

1.37E-05 
0.00E+00 
1.16E-05 
3.01 E-03 
7.54E-05 
1.55E-05 
2.02E-02 
1.33E-05 
1.13E-02 

5.0 1 E-02 
1.11E-05 

9.76E-06 
1.07E-05 
5.20842 
1.36E-05 
1.878-02 
1.198-05 
1.8OE-07 
2.05E-09 

3.67E-07 
2 S7E-06 
1.00E-02 

9.298+01 
2.408-04 
8.07E-07 
3.12E-06 

O.OE-t-o() 
4.58Li-08 
1.03E-02 
7.33E-04 
5.14E-02 
1.04E+00 
1.07E-03 
1.94E-03 
3.41 E-06 
4.64E-06 
4.14E-08 
I .688.02 
2.138-0 I 
1.498-03 
2.95E-02 
6.398-03 
5.228-03 
1.74E-05 

. ,  . -  
!. ..' .. . ' A-8 06/03/94 
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Plutonium Hazards and Consequences by M.G. Seitz 
Plutonium Packaging and Storage Case Studies by J.M. Haschke 
Airborne Release Fraction by D. Bennett 
Airborne Release Fraction, submitted by J. Mishima 
An Overview of Applicable StandarddOrders by J.L. Boccio 
Safety Analysis Report (SAR) Review Process - Findings Related to Plutonium 
Vulnerabilities by J.L. Boccio 
Radiological Hazards of Plutonium and Other Fissile Materials by M. Goldman 
Criticality Safety by T. McLaughlin 
Additional Reading on Criticality Safety 
Nuclear Criticality Safety by L. Lowry 
Fundamental Concepts and Simple Fissioning Systems by T. McLaughlin 
Process Criticality Accident Likelihoods, Consequences and Emergency Planning by T. 
McLaughlin 
Criticality Safety for the Nuclear Material Storage Facility TA-55, PF-41 by J.A. 
Schlesser 
Review of the Rocky Flats Fire by R.E. Felt 
Additional Readings on Plutonium Fires and Accidents 
Ion Exchange Resins and Minor Events by T. Muscatello 
Assessment Methodology and Question Set by T. Muscatello 
Safeguards and Security Assessment for Plutonium Vulnerabilities by 8. Smith 
Database Training by J. Levin 
Team Dynamics by B. Parker 
Interviewing by D. Denier 
Conflict Resolution by J. Loewen 
Forms: Request for Visit Information, Program Feedback 
Draft: Interim Recommendations for Storage of Plutonium Oxide at Department of 
Energy Facilities 
Assessment of Plutonium Storage Safety Issues at Department of Energy Facilities, 
DOE/DP-O123T, January 1994 
Errata Sheets for Project Plan and Assessment Plan 
U.S. DOE Criteria for Storage of Plutonium Metals and Oxides (Draft, March 31, 1994) 
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Red 

LLNULBL 

Attendees List 
Plutonium Vulnerability Assessment Team Training 

April 19-22,1994 

FACILITY NAME AND ADDRESS 

US Department of Energy 
Headquarters, EH-12 
19901 Germantown Rd 
Germantown. MD 20874 
Mason & Hanger 
1 st National Bank 
Suite 420 
Amarillo, TX 79101 
PNL 
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Amos, Wayne, Gray EG&G Mound Applied Technologies, 
Site Team 3/Blue Inc. 

Mound, ORNL PO Box 3000 
Miamisburg, OH 45343 

Aoki, Sam 8 Idaho National Engineering Laboratory 
Health Physics Green US DOE 

Richland 785 DOE Place 
Idaho falls, ID 

Baldwin, Eula Staff EG&G Idaho, Inc. 
Administration & White P.O. Box 1625, MS 3878 
Registration Idaho Falls, ID 83415 

Bastin, Clinton 1 US Depanment of Energy 
Safety Analysis Lt. Blue Headquarters, 

ANL-E/NBL 

Becker, George 8 Westinghouse Savannah River CO 
Waste Green PO Box 61 6, 

Richland Aiken, SC 29801 
Bell, Charles 7 Los Alamos National Laboratory 

Safety Analysis Black Los Alamos National Laboratory 
SRS PO Box 1663 

Los Alamos, NM 87545 

Bennett, David 4 Sandia National Laboratory 
Safeguards & Lt. Green Dept. 641 1, MS 0405 
Security Pantex Albuauerque. NM 871 85 

Berglund, Patricia Gray US Department of Energy 
Site Team 6/Yellow Los Alamos Area Office 

Los Alamos. NM 87544 
I A N L  528 35th Street 

Berman, Herb 4 SCIENTECH, Inc. 
~ 

Deputy Team Leader Lt. Green 1746 Cole Blvd, Suite 225 
Pantex Golden, CO 80901 

Boccio, John L. Staff Brookhaven National Laboratory 
Supoort Group White Upton. NY 11 973 

Borisch, Ron 3 Westinghouse Hanford Co. 
Pu Technology Blue P.O. BOX 1970, R-356 
Process Safety Mound, ORNL Richland, WA 99352 

NAME 

Brewer, R . 
Criticality 

I! 

Acharya, Sarbes 
Speaker 

Black 
SRS 

Alley, Clyde 
Operations & 
Maintenance 

Amacker, Obie 
Safeguards & 
Security 

TEAM #, 
COLOR, & SITE 

White 

5 
Orange 

Rocky Flats 

Los Alamos National Laboratory ' 
PO Box 1663 
Los Alamos, NM 87545 

PHONE 
FAX 

301 428-9583 
301 428-3104 F 

806 378-1543 
806 378-1529 F 

509 3724133 
509 372-4431 F 

~ 

513 865-3058 
51 6 865-3485 F 

208 526-0583 
208 526-6249 F 

208 526-0692 
208 526-9650 F 

301 903-5259 
301 903-3419 F 

803 725-5516 

505 667-9402 
505 6654322F 

505 844-3119 

505 665-5049 
505 665-4504 F 

303 278-4338 
303 278-0092 F 

516 282-7690 
516 282-5730 F 
509 372-3382 
509 372-3402 F 

505 667-7252 
505 665-4370 F 
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clnl O R  It SITF . .  NAME TEAM #, 

Bridges, Donald Gray US Department of Energy 
Site Team 7IBlack Savannah River Operations 

SRS PO Box "A" 
Aiken, SC 29802 

B r i u ,  Wayne 4 Eanelle 
Health Physics Lt. Green 

Pantex 

Bronson, Mark 5 Lawrence Livermore National 
Pu Tech Process Orange Laboratory 
Safety Rocky Flats P.O. Box 808, L-591 

I 

Livermore, CA 94550 
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Cerchione, Connie 
Registration 

Chan, Lisa 
Deputy Team Leader 

~ 

Staff EG&G Idaho. Inc. 
White P.O. Box 1625, MS 3878 

Idaho Falls, ID 83415 
2 US Department of Energy 

Red Headquarters, DP-25 
LLNULBL 1000 Independence Ave. SW. 

Rm-GA045 
Washinqton, DC 20585 

Browdy, Steven 
Site Team r 

Gray 
41Lt. Green 

Pantex 

EG&G Rocky Flats 
510range PO Box 464 

Rocky Gray Flats I Golden, CO 80402 

U S  Ddpanment of Energy 
Amarillo Area Office 
PO Box 30030 
Amarillo. TX 79120 

PHONE 
FAX 

803 725-5530 
803 725-1372 F 

~ ~ 

Chitwood, Dick 
Safety Analysis 

Choi, Jor-Shan 
Criticality 

Chung, Donald 
Pu Technology 
Process Safety 

Cochran, Barry 
Operations & 
Maintenance 

Cokinos, Dimitrios 
Criticality 

Conrad, Beth 
Pu Technology 
Process Safety 

301 320-3110 
301 320-6379 F 

~~~ ~~ ~ ~ 

6 U S  Department of Energy 

Department of Isotopes, Radiation and 
Distribution 
1000 Independence Ave. 
Washington, DC 20585 

Yellow Headquarters, NE-46 
LANL 

4 Lawrence Livermore National 
Lt. Green Laboratory 

Pantex PO Box 808 
Livermore, CA 94550 

20030 Century Blvd. Ste. 210 
6 SCIENTECH, Inc. 

Yellow 
LANL Germantown, MD 20874 

a US Department of Energy 
Green Oak Ridge Operations Office 

Richland P.O. Box 2001 
Oak Ridge, TN 37831 

8 Btookhaven National Lab 
Green Bldg. 4758 

Richland P.O. Box 5000 
Uoton. NY 11 973 

7 US Department of Energy 

P.O. Box 928 
Golden, CO 80402 

Black Rocky Flats Operations 
SRS MH Chew 

510 422-3061 
510 422-3165 F 

303 966-7719 
303 966-5706 F 

Chavet, Hector 
Site Team 

208 526-4638 

.202 586-9637 
202 586-1 21 7 F 

806 477-3148 
806 477-3141 F 

301 903-5254 
301 903-5434 F 

510 423-8032 
5 10 423-2854 F 

301 428-9583 
301 428-3104 F 

615 576-4296 
615 576-7873 F 

516 282-2146 ' 516 282-2613F 

303 966-3007 
~ 303 966-8053F 
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Cooperstein, Ray 
Operations & 
Maintenance 

Crawford, Doug 
Site Team 
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TEAM #, FACILITY NAME AND ADDRESS PHONE 
SITF FAX 

9 US Department of Energy 301 903-5353 
Purple Headquarzers, DP-22 301 903-5821 F 

ANL-WlSNf 19901 Germantown Rd 
Germantown. MD 20874 

Gray Argonne National Laboratory 208 533-7456 
9iPurple West - INEL 208 533-7340 F 

ANL-WISNL PO BOX 2528 
Idaho Falls. ID 83415 

Black PO Box 999 
Cross, Richard 

Safeguards & 
Sscuriw 

509 372-4472 
509 372-4431 F 

CybUlSkiS, Peter 
Safety Analysis 

Dahlke, Hans 
Seismic 

5 Banelle 614 424-7509 
Orange 505 King Avenue 614 424-3404 F 

5 Idaho National Engineering Laboratory 208 526-9777 

Rockv Flats Columbus. OH 43228 

Orange EG&G Idaho, Inc. 208 526-6974 F 
Rocky flats Po BOX 1625, MS 3750 

Idaho Falls, ID 83415-3750 

510 486-5256 
5 10 486-7304 F 

Lawrenca Berkeley Laboratory 
2lRed 1 CycloUon RD, MS 8758-101 
Gray I Serkelev, CA 94720 LLNULBL 

de Cast:o, Ted 
Site Team 

II 

Davis, Richard 
Pu Technology 
Process Safety 

516 282-4950 
51 6 282-5730 F 

9 Brookhaven National Lab 
B M ~ .  130 

Uoton. NY 11973 

Purple 
ANL-WISNL P.O. BOX 5000 

Deff erding, Leo 
Operations & 
iMaintenance 

7 
Black 
SRS 

PNL-Banelle Norrhwest 509 372-4170 
PO eox ,099 509 372-4411 F 

4 
Lt. Green 

Pantex 

SCIENTECH, Inc. 
20030 Century Blvd. Ste. 210 
Germantown, MD 20874 

9 

619 765-4535 
619 755-4338 F 

Denier, Don Staff Idaho National Engineering Laboratory 208 526-2207 
Instructor White EG&G Idaho, Inc. 208 526-9650 F 

P.O. Box 1625, MS 4146 
Idaho Falls. ID 83415 
Banelle, Pacific Northwest Laboratory 509 372-4432 

8IGreen Richland, WA 99352 509 372-4431 F 

4 LATO-RFO, Building T- l30A 303 966-4080 
Richland 

Operations & Lt. Green Rocky Flats 303 966-4993 F 

I Gray 

Dickman, Deborah A. - Site Team 

Dingman, Laverne 

Maintenance Pantex PO Box 4103 
Golden, CO 80401 

Durban, Diane 2 Westinghouse Hanford Co. 301 903-2992 
Operations & Red US Department of Energy 301 903-8627 F 
Maintenance LLNULBL Headquarters, ,DP-22 

1000 Independence Ave. 
Washinaton. DC 20585 

509 375-2705 
509 375-6936 F I PNL 

Durham, James 7 
Health Physics Black 

SRS 
Everline, Chet 

Criticality 
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NAME TEAM #, ' I FACILITY NAME AND ADDRESS 
rnr n R  A SITF 

Rocky Flats 

L - -  
Felt, Rowland 5 Idaho National Engineering Laboratory 

Deputy Team Leader Orange Westinghouse Idaho Nuclear Co. 

Forsythe, Larry 5 US Department of Energy 
Safety Analysis Orange Headquarters, 

Rocky Fiats NE-30 
1000 Independence Ave. 
Washinaton. DC 20585 

Fratier, Tim Gray US Depanment of Energy 
Site Team 3lBlue Dayton Area Office 

MoundlORNL PO Box 66 
Miamisburg, OH 45343-0066 

George, Ray 8 Lamb Associates 
Pu Tech Process Green 6121 Indiana School, NE 
Safety Richland Albuquerque, NM 871 10 

PHONE 
FAX 

208 526-3409 
208 526-0665 F 

301 9G3-5254 
301 903-5434 F 

513 865-3748 
513 865-4219 F 

505 881-3196 
505 884-7689 F 

Gilbert, F. Charles 5 US Department of Energy 
Team Leader Orange Headquaners, DP-9 

Rocky Fiats 19901 Germantown Rd., DP-35 
Germantown, MD 20874 

Goergen, Chuck 4 Office of Nuclear Weapons 
Pu Tech Process Lt. Green Management, DP22 
Safety Pantex US DOE 

19901 Germantown Rd. I 

Germantown, MD 20874 

301 903-6012 
301 903-6623 F 

301 903-2753 
301 903-5821 F 

Guenzler, R 

Guha, Pranab 

Seismic 

Support Group 

GuiIIen, R. L. (Leo) 
Site Team 

Gunter, Allen 
Team Leader 

I 
Haas, Milton ! 

Deputy Team Leader 

1 Idaho National Engineering Laborarory 208 526-1 227 

301 428-9483 
I 7 

Black 
Staff US Deparment of Energy 

19901 Germantown Rd 
Germantown. MD 20874 

White Headquarters, EH-12 301 428-3104 F 

US Deparrment of Energy 

PO BOX 550, MS A6-55 

509 376-4762 Gray 
8/Green Richland Operations Office 509 376-0695 F. 
Richland 

Richland. WA 99352 
3 US Deparrment of Energy 803 952-4536 

Blue Savannan River Operations 803 952-4002 F 
Mound, ORNL PO Box "A" 

Aiken. SC 29802 
9 Westingnouse Hanford Co./ 202 484-0903 

202 484-0875 F Purple US Deparment of Energy 
ANL-W/SNL Headauarrers. EM-60 

1 

. . . . .  . ' 

5 Sonalysz Hanvey, Bob 
Pu Technology Orange 1359 Silverfluff Rd. 
Process Safety Rocky Fiats Suite 026 

Aiken, SC 29803 
I 

803 641-6705 
803 641-4886 F 

Gray US Deparrment of Exr,-y Rinckley, Darrell 
Site Team DOEllD Idaho Operations Office 

785 DOE tlace 
Idaho Falls, ID 83042 

Hogle, William (Mac) 7 PNL ' 

Safety Analysis Black 
SRS 

268 526-0173 
208 526-1 148 F 

301 846-4269 
301 846-4269 F 
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Hughes, Ernie 
Site Team 

Hull, Tom 
Team Leader 

Hyder, Lee 
Safety Analysis 

Ikenberry, Tracy 
Health Physics 

Ives, Brent 
Site Team 

Jackson, Merle 
Operations & 

~~ Maintenance 
Jensen, Cindie 

AdminKoordination 

Jones, Charles * 

Operations & 
Maintenance 

Jones, Robert 
Operations & 
Maintenance 

Kerridge, Jeff 
Site Team 

Khalil, Nazir 
Operations & 
Maintenance 

AdminKoordination 
Kneece, Barbara . 
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~ 

Gray US Department of Energy 208 533-7446 
9/Purple Chicago Operations Office 208 533-7422 F 

ANL-W/SNL Argonne National Laboratory 
ERB-11 Site 
Idaho National Engineering Laboratory- 
West 
Idaho Falls, ID 83415 

US. Department of Energy 301 428-9583 9 
Purple Headquarters, EH-11 301 428-3104 F 

ANL-W/SNL 20030 Century BLvd. #210 
Germantown. MD 20874 

4 Westinghouse Savannah River CO 803 644-5434 
Lt. Green PO Box 616 803 644-5051 F 
Pantex Aiken, SC 29802 

5 PNL 509 375-2338 
Orange 509 375-6943 F 

Rockv Flats 

Gray Lawrence Livermore National 510 423-2636 
2IRed Laboratory 510 423-1685 F 

LLNULBL PO Box 808, L347 
Livermore, CA 94550 
Idaho National Engineering Laboratory 208 526-5263 

208 526-3920 F 

208 526-9144 
208 526-2930 F 

I 9 

ANL-W/SNL 
Purple Westinghouse Idaho Nuclear Co 

9 EG&G Idaho; Inc. . 

Idaho Falls, ID 83415 

Purple INEL 
ANL-WISNL PO BOX 1665 

6 SCIENTECH, Inc. 301 468-6425 
Yellow 20030 Century Blvd. 301 428-3104 F 
LANL Suite 210 

Germantown, MD 20874 
2 US Department of Energy 301 903-4515 

Red Headquarters, DP-24 301 903-9471 F 
LLNULBL 19901 Germantown Rd 

Germantown, MD 20874 
Gray US Department of Energy 303 966-7719 

510range Rocky Flats Operations Office 303 966-5706 F 
Rocky.Flats PO Box 928, Bldg 1 1  1 

Golden, CO 80402 
8 US Department of Energy 803 725-9855 

Green Savannah River Operations 803 725-1372 F 

7 Asta Engineering 301 540-1090 
Richland 

Black 
SRS 

NAME 

Hopper, Calvin 
Site Team 

~ 

Horrell Dave 
Pu Tech Process 
Safety 

TEAM #, 
LamAaIE 

Gray 
3/Blue 

Mound,ORNL 

7 
Black 
SRS 

~- 

FACILITY NAME AND ADDRESS 

Oak Ridge National Laboratory 
Building 601 1 , MS-6370 
Oak Ridge, TN 37831-6370 
Los Alamos National Laboratory 

Los Alamos, NM 87545 
P.O. BOX 1663, MS-E506 

PHONE 
FAX 
615 546-8617 
615 576-3513 F 

505 665-7630 
505 665-8002 F 
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NAME TEAM #, FACILITY NAME AND ADDRESS 
f?nl pR & SlTF .. 

Knief, Ronald 6 OGDEN 
Criticality Yellow 7301-A Indian School Rd. NE 

LANL Albuaueraue. NM 871 10 

Kohut, Peter 8 Erookhaven National Laboratory 
Safety Analysis Green Building 130 

Richland Uoton, NY 11973 
'Kotsch, Jeff 6 SCIENTECH, Inc. 

Health Physics Yellow 20030 Century Elvd. Ste. 210 
LANL Germantown,MD 20874 

Lachman, Margaret Gray New Erunswick Laboratory 
Site Team 1ILt. Blue 9800 South Cass Avenue 

ANL-EMEL Chicago, IL 60439 

Lai, Calvin 2 US Department of Energy 
Safery Analysis Red Headquarters, EH-12 

LLNULBL 

Operations & Black 1585 N. Skyline Drive 
Leach, Larry 7 SCIENTECH, Inc. 

Maintenance SRS Idaho Falls, ID 

Lee, Billy 1 Battelle I 

Criticality Lt. Blue 505 King Ave. Rm. 11-10-076 
ANL-EINEL . Columbus, OH 43201 

Levin, Jack Staff SCIENTECH,lnc. 
Instructor White 20030 Century Elvd. Ste. 210 

Germantown, MD 20874 
Loewen, Janice Staff Idaho National Engineering Laboratory 

Instructor White EG&G Idaho, Inc. 
P.0. Box 1625, MS 3502 
Idaho Falls, ID 83415 

Lovato, Terri Gray Sandia National Laboratories 
Site Team 9/Purple 1515 Eubank SE 

ANL-WISNL MS 1065 
Albuaueraue. NM 871 23 

Ludewig, Hans 5 Erookhaven National Laboratory 
Criticality Orange Eldg. 130 

Rockv Flats Uoton, NY 11973 
Ludwig, Steve Gray US Department of Energy 

Site Team 1Lt. Blue Chicago Operations Office 
ANL-UNEL Argonne Area Office 

9800 South Cass Ave. 
Chicago, IL 60439 

Marshall, Robert 3 OGDEN 
Blue 17217 Rimrock Drive 

Mound, ORNL Golden, CO 80401 
Safeguards & 

. Security 
Mattson, Roger staff SCIENTECH, Inc. 

Support Group White 1746 Cole Blvd., #225 
Golden, CO 80401 

McClure, Jack 5 OGDEN 
Safeguards & Orange 1543 W. 103rd Place 
Security Rocky Flats Northglenn, CO 80221 

McLaughlin, T.P. White Los Alamos National Lab 
Speaker PO Box 1863 

Los Alamos, NM 37544 
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PHONE 
FAX 

505 881-9228 
505 881-9357 F 

51 6 282-49852 
51 6 282-5730 F 

301 468-6425 
301 468-0883 F 

708 252-2492 
708 252-6256 F 

301 903-6357 
301 903-2329 F 

208 523-9552 
208 523-9380 F 

614 424-4064 
614 424-3404 F 

301 468-6425 
301 468-0083 F 

208 526-8846 

505 845-8791 
505 844-8952F 

516 282-2624 * 

516 282-5730 F 

303 843-6210 
303 843-6515 F 

303 278-4338 
303 278-0092 F 

303 843-6210 
303 843-6415 F 

505 667-7628 
505 665-4970 F 
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NAME TEAM #, FACILITY NAME AND ADDRESS PHONE 
m i - .  R, SITF FAX 

Mound, ORNL 

Miller, Richard 3 Idaho National Engineering Laboratory ‘208 526-9957 
Deputy Team Leader Blue EG&G Idaho, Inc. 208 526-2930 F 

PO Box 1625, MS 3870 
Idaho Falls, ID 83415 

Miller, Greg 6 Idaho National Engineering Laboratory 208 526-0360 
208 526-6974 F Seismic Yellow 

Lo LANL 
Moore, Edwin Gray Westinghouse Savannah River 803 725-2603 

803 725-2978 F Site Team 7/Black PO Box 616 
SRS Aiken, SC ‘29801 

Moran, Bruce 1 Martin Marietta Energy Systems 6’15 576-8269 
SafeguaJds & Lt. Blue PO Box 2009, MS 8206 615 574-5169F 
Security ANL-E/NBL Oak Ridge, TN 37831-8206 

Seismic Green 
Mozumder, M. Alam 8 US Department of Energy 301 903-4287 . 

Headquarters, DP-35 301 903-6623 F 
Aichland 19901 Germantown Rd 

Germantown, MD 20874 

303 966-5994 
303 966-4933 F 

Muscatello, Tony 8 LATO/RF, Building T-130-A 
PO Box 4013 Deputy Team Leader Green 

Richland Golden, CO 80401 

Myler, Debby 5 EG&G Idaho, Inc. 208 526-1441 
Admin/Coordination Orange INEL 208 526-2930 F 

Rocky Fiats PO Box 1665 
Idaho Falls, ID 83415 

Nations, James I 9 Oak Ridge National Laboratory 615 576-2445 
Safeguards & Purple Martin Marietta Energy Systems 61 5 576-51 69 F 
Security ANL-W/SNL PO BOX 2009 

Oak Ridge,TN 37831 -8206 

Niyogi, P. K. Staff US Department of Energy 301 428-9583 
White Headquarters, EH-12 301 428-3104 F Support Group 

19901 Germantown Rd 
Germantown, MD 20874 

Obenchain, Carl Staff Idaho National Engineering Laboratory 208 526-9696 
208 526-2930 F. Support Group White EG&G Idaho, Inc. 

P.O. Box 1625 
Idaho Falls, ID 83415 

Olson, Paula 3 EG&G Idaho, Inc. 208 526-2287 
Admin/Coordination Blue INEL 208 526-2930 F 

Mound, ORNL PO Box 1665 
Idaho Falls, ID 83415 

Parker, Bryan Staff Idaho National Engineering Laboratory 208 526-6575 
Instructor White EG&G Idaho, Inc. 208 526-9650 F 

P.O. Box 1625, MS 3820 
Idaho Fails, ID 83415-3820 

Pasupathi, Venkataraman 5 Banelle/ORNL 615 220-4019 
Waste Oran e 61 5 482-7964 F 

Rocky hats 

Payne, Steven Gray US Department of Energy 505 845-6300 
Site Team AL Coordinator Albuquerque Operations Office 505 845-6431 F 

PO Box 5400 
Albuoueraue, NM 871 85-5400 

Peschong, Jon Gray US Department of Energy 505 845-4687 
Site Team 9/Black Kirtland Area Office 505 8454671 F 

ANL-WISNL 



April 21, 1994 Page 8 of 10 

NAME TEAM #, 
Cnl OR. PI SlTF 

FACILITY NAME AND ADDRESS PHONE 
. , .. 

Peterson, Loren 
Administration 

Staff Idaho National Engineering Laboratory 208 526-41 79 
White EG&G Idaho, Inc. 208 526-9650 F 

P.O. Box 1625, MS 3878 
Idaho Falls, ID 83415 

208 526-8657 
208 526-9982 F 

Peterson, Henry 
Health Physics 

1 Idaho National Engineering Laboratory, 
Lt. Blue EG&G Idaho 

AN L-E/N BL PO Box 1625, MS 21 10 
Idaho Falls, ID 83415 

Piltay, K. (Sam) 
Site Team 

Prichard, Andrew 
Criticality 

615 576-9293 
61 5 576-781 3 F 

Gray Los Alamos National Lab 505 667-2556 
505 667-7966 F 6/Yellow MS E-500, NMT/DO 

LANL Los Alamos, NM 87544 

Purple P.O. Box 999 509 372-4411 F 
509 372-4137 9 Battelle/PNL 

ANL-W/SNL Richland, WA 99352 

208 526-0371 
208 526-6974 F 

Proco, Garland 
Site Team 

Rahl, Richard 
Seismic i 

Rask, William 
Team Leader 

Rasmussen, Greg 
Safeguards & 
Security 

Reddick, George 
Operations & 
Maintenance 

303 966-2648 
303 966-5857 F 

Gray US department of Energy 
3/Blue Oak Ridge Operations Office 

Oak Ridge, TN 37831-6370 
Mound, ORNL PO Box 2001 

4 Idaho National Engineering Laboratory 
Lt. Green 
Pantex 

Green Rocky Flats Operations Office 
8 US Department of Energy 

Richland P.O. Box 928 
Golden. CO 80402 

6 Idaho National Engineering Laboratory 
Yellow 
LANL 

' 6  Westinghouse Hanford Co. 
Yellow PO Box 1970, MSIN 
LANL Richland, WA 99352 

208 526-2319 

-~ ~~~~ 

Rich, Bryce 2 
Health Physics Red 

LLNULBL 
Rivera, Ken Gray 

Site Team 2/Red 
LLNULBL 

Rodrik, Pete 1 
Team Leader Lt. Blue 

ANL-E/NBL 

Rothleder, Burton 1 
Deputy Team Leader Lt. Blue 

ANL-E/NBL 

Russell, Mark 7- 
Seismic Black 

SRS 
Ryan, Jack 2 

Pu Tech Process Red 
Safety LLNULBL 

509 378-2326 
509 376-2307 
509 376-7382 

~ ~~ 

EG&G Inc. 208 523-8025 
501 Broadway 208 523-8247 F 
Idaho Falls, ID 83402-3635 
US Department of Energy 
Berkeley Site Office 5 10 486-7304 F 

510 486-5256 

1 Cyclotron RD, MS 8758-101 
Berkelev, CA 94720 
DOE-Rocky Flats Plant 303 966-5973 
P.O. BOX 928, EH-14 303- 966-7890 F 
Golden, CO 80439 
US Department of Energy 301 903-3726 
Headquarters, EH-64 301 903-9523 F 
19901 Germantown Rd. 
Germantown, MD 20874 
Idaho National Engineering Laboratory 208 526-1 608 

Pacific Northwest Laboratory 509 376-3566 
1326 Broadview 509 372-3861 F 
Richland, WA 99352 (Home) 

(Secretary at 
Battellel 

509 967-2162 
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NAME I TEAM#, I FACILITY NAME AND ADDRESS I - 
PHONE 

I SlTF FAX 

Saloio, Joe 3 OGDEN 505 881-9228 
Safety Analysis Blue 505 881-9357 F 

Mound, ORNL 

2 US Department of Energy 301 427-1568 Seitz, Martin 
Team Leader Red Headquarters, EM-64, Rm. 278 301 427-1839 F 

LLNULBL Washington, DC 20585-0002 

'Sellers, Julie 1 EG&G Idaho, Inc. 208 526-8263 . 

208 526-2930 F Admin/Coordnation Lt. Blue INEL 
ANL-WNBL PO 80x 1665 

I Idaho Falls, ID 83415 

Shanahan, JaNae 6 EG&G Idaho, Inc. 208 526.7903 
Admin/Coordination Yellow INEL 208 526-7910 F 

I LANL PO Box 1665 
Idaho Falls, ID 83415 

Shuler, James 3 US Department of Energy 301 903-5513 
Health Physics Blue Headquarrers, DP-35 301 903-6623 F 

Mound, ORNL' 19901 Germantown Rd 
Germantown. MD 20874 

Smith, Danny 7 SCIENTECH, lnc. 202 488-1464 
Black 600 Maryland Avenue, #240 202 488-1964 F Waste 
SRS Washington, DC 20024 

Smith, Brian Staff PNL 509 372-4209 
Spea ker/lnstructor White PO Box 999 509 3724378F 

Richland, WA 99352 

Stachowiak, R. V. (Rick) 2 Martin Marietta Energy Systems 615 574-9979 
Criticality Red P.O. Box 2009 61 5 241-2023 F 

LLNULBL Oak Ridge, TN 37831-8241 

516 282-3469 
Health Physics Purple 51 6 282-581 0 F 

5 16 345-3789 F 

Sun, Casper 9 Brookhaven National Laboratory 

AN L-W/S N L 

Sutton, Dick Jr. 8 OGDEN 303 935-6505 
Safeguards & Green 303 935-6575 F 
Security Richland 

Szempruch, Rich Gray Westinghouse Hanford Co. 509 373-1468 
Site Team 8/Green PO BOX 1970, MSIN TR-18 509 373-4274 F 

l 4  Lt. Green Richland Operations Office 509 376-0695 F 

Richland -TRichland, WA 99352 
US Department of Energy 509 373-2966 Templeton, Dave 

Team Leader 

Todosow, Michael 
Criticality 

3 Brookhaven National Laboratory 
Blue Building 475 B 

Mound, ORNL Upton, NY 11973 
516 282-2445 
51 6 282-7640 F 

~~ ~~~ 

Ulrich, Jan 4 EG&G Idaho, Inc. 208 526-7969 
Admin/Coordination Lt. Green INEL 208 526-7910 F 

Pantex PO Box 1665 
Idaho Falls, ID 83415 

Walden, John 1 Independent Consultant ' 510 443-2057 
Pu Tech Process Lt. Blue 719 Catalina St. 
Safety ANL-E/NBL Livermore, CA 94550 

Ward, Patrick * 5 SCIENTECH, Inc. 301 428-9583 

1 Operations & Orange 20030 Century Blvd. Ste. 210 301 428-3104 F 
Maintenance Rocky Flats Germantown, MD 20874 
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- 
NAME 

Wechsler, Dawn 
Site Team 

Wheeler, Bert 
Operations & 
Maintenance 

White, William 
Operations at 
Maintenance 1 

, 
,TEAM #, 

I 
i Gray 

2:Red i! LLNULBL 
I'i 

ANL-E/NBL 

3 : i  
Blue 

' Mound, ORNL 

Idaho National Engineering Laboratory 

4150 W 17th Street 
Idaho Falls, ID 83402 

Consultant, WINCO 

US Department of Energy , 

Headquarters, DP-22 
19901 Germantown Rd 
Germantown, MD 20874 
US Department of Energy 
Headquarters, EH-10 
19901 Germantown Rd . 
Germantown, MD 20874 
SAlC 

Germantown, MD 20874 
20201 Century Blvd., 3rd R. 

US Department of Energy 
Headquarters, DP-35 
19901 Germantown Rd 
Germantown, MD 20874 
Argonne National Laboratory 
East 
9700 South Cass Ave. 
Chicago, IL 60439 
Mason & Hanger 
Pantex Plant 
Building 12-1 27 
PO Box 30020 
Amarillo, TX 79177 

PNL 
Hanford 

FACILITY NAME AND ADDRESS I PHONE 

208 522-5732 
208 522-5732 F 

301 903-5522 
301 903-5821 F 

202 586-2407 
202 586-6010 F 

301 353-8228- 
301 428-0145 F 

301 309-5012 
301 903-6623 F 

708 252-4471 
708 252-7433 F 

806 477-6299 
806 477-6298 F 

509 327-4439 

I FAX 

i 
i 
I 
I 
I 

Williams, Alan K. I Deputy Team Leader : 
i 

Williams, Mark 
Speaker 

Witmer, Fred E. 
Team Leader 

Wolson, Ray 
Site Team 

Wright, Robert 
Site Team 

Wright, Ronald 

510 423-2547 I 510 423-2832 F 
US Department of Energy 
LLNL Site Office 

Livermore. CA 94550 
PO BOX 808, L-573 

1 

White 

7 
Black 
SRS 
6 

Yellow 
LANL 

Gray 
1lLt. Blue 

AN L-E/N BL 

Gray 
4/Lt. Green 

Pantex 

YeIle, Colleen 
AdrninlCoordination 

Zamorski, Mike 
Team Leader 

Box 99 
Richland, WA 

2 SCIENTECH, Inc. 301 428-9583 
Red 20030 Century Blvd. Ste. 210 301 428-3104 F 

LLNULBL Germantown, MD 20874 
7 US Department of Energy 505 845-4094 

Black Kirtland Area Office 505 845-6867 F 
SRS P.O. Box 5400 

Albuaueraue, NM 871 85-5400 
Zielenbach, Wm. 

Operations & 
Maintenance 

7 
Black 
SRS 

Battelle 
505 King Avenue 
Columbus, OH 43201 

614 424-5466 
614 424-3954 F 

~ ~~ 

Held at the Radisson, Colorado Springs 

. I  . I  
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DEPARTMENT OF ENERGY 
PLUTONIUM ES&H VULNERABILITY ASSESSMENT 

ASSESSMENT TEAM TRAINING 

April 19-21, 1994 
Colorado Springs, Colorado 

INTRODUCTION 

Mark Williams 



, PLUTONIUM EVENTS 

0 Rocky Flats - Deferred inspections (April 1993). - Oxidized metal (January 1994) - Leaks (1990 - Present) 

0 LosAIamos - Failed,&an (December 1992) - I Contamination' , . I  (Novembef-1993) 

. .  ' I  < 0 Savannah River L .  

*- 

- Oxidized metal (February 1994) 
FB Lhre bulged* cans '(December 'i993) 

I ,  

0 Consequences - . Impacts on operations 3 -  - Affects safety envelope 



2 

HOW WE GOT HERE 
. 

0 Recognition 

DOE-wide plutonium storage uncertainties 
Stored, entrained in process, solution, metal, oxide 
w/moisture 

0 . . Nuclear .Materials Disposition Project Initiated 

Started 1/94 % ,  

Long-term disposition 

0 Decision making 

Need for baseline ES&H assessment 
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0 

0 

0 

QOE TODAY 

Large quantity of plutonium 

- 43 Sites - . Very large number of containers 

Many Uncertainties 

Material form and packaging (oxidation, deterioration of 
package) 
Vessel/container integrity -_  (leaks, breached cans, pressurized 
cans) 
Recent DP plutonium storage assessment 

Operations are in transition 

Short term storage - longer term 



DOE SITES INITIALLY SELECTED FOR VISIT - 

Argonne National Laboratory - East 
Argonne National Laboratory - West 
Hanford 
Idaho National Engineering Laboratory 
Lawrence Berkeley Laboratory 
Lawrence Livermore Laboratory - West 
Los Alamos National Laboratory 
Mound 
New Brunswick 
Oak Ridge 
Pantex‘ 
Rocky Flats Plant 
Sandia National Laboratories 
Savannah River Site 
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WHERE ARE WE GOING 

0 Safe interim storage 

. - Under Secretary’s Materials Disposition Project 

0 Start with ES&H view today 

- ’  All DOE plutonium . .  



ASSESSMENT TEAM OBJECTIVES 
6 

0 Characterize ES&H vulnerabilities across DOE 

- Approach 

0 Identify and prioritize issues 

- Vu I nera b i I it y priori t izat io n 

0 Report to DOE management 

- Team reports - Final report (9/94) - Present results 

, 
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8 
* -  ASSESSMENT TEAM PROFILE 

Team Leader (DOE) 
Deputy Team Leader 
Plutonium process safety 
Criticality safety 
Structural and seismic safety 
Operations and maintenance 
Health physics 
Safety analysis 
Safeguards and security 
Waste management 
Administrative support 



ASSESSMENT TEAM TRAINING 

0 Team building 

I . 0 ProjectJassessment plans 

0 Plutonium specific training 

0 
. .  



io 

TRAINING PARTlCl PANTS 

0 Six teams having 11 members 

0 

0 

Three teams having 10 members 

Two Site Assessment Co-Team Leaders per site 

. 0 Participants 

- DOE personnel - M&O contractors - Laboratories - Consultants 

0 Teammake-up ' 

- Color coded badges for identification 
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0 

a 

0 

SUMMARY 

Secretarial Directives - .Full participation by DOE complex 
Involve external stakeholders 
Funding 

Scope' - All isotopes and forms of plutonium 
Under DOE custody or control 

Except plutonium in intact nuclear weapons 

Nature of study - Factw;PD, not fawgi-finding, not compliance or oversight 
audit 
Accent on material/bacility conditions & inspections 
Objectivity 
Communication 
Openness 
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DEPARTMENT OF ENERGY 
PLUTONIUM ES&H VULNERABILITY ASSESSMENT 

ASSESSMENT TEAM TRAINING 

April 19-21, 1994 
Colorado Springs, Colorado 

TEAM TRAINING OBJECTIVE AND AGENDA 

Sarbes Acharya 



1 

i., . 
/. I . 
-’ \ , 

ASSESSMENT TEAM TRAINING OBJECTIVE 

0 Team members will be able to work as teams to conduct facility 
assessments in an effective manner 

0 They will have a clear understanding of - the purpose of the study - the methodology and evaluation guidelines 
- their roles and responsibilities 

They will have the necessary technical knowledge 0 

0 Assessment teams will be capable of identifying plutonium ES&H 
vulnerabilities * 



I 
. i  . -  

2 
*. 

QUALITY 

0 Quality in the vulnerability assessment is essential 

0 Results will cause program offices and sites to undertake action: 

- 
- Could cost hundreds of millions 

Could divert resources from other ES&H problems 

0 Team must be sure: 

- Facts are irrefutable - - There is consensus on guidelines 
Then conclusions will be self-evident 
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PLUTONIUM VULNERABILITY ASSESSMENT 
AGENDA FOR TEAM BUlLDlNG/TEAM TRAINING 

RADISSON HOTEL, COLORADO SPRINGS, COLORADO 

MONDAY. APRIL 18 

7:OOPM-S:OOPM . REGISTRATION IN THE FIRESIDE AREA OF LOBBY I 

TUESDAY. APRll 19 
7:00-8:00 REGISTRATION 

8:00-8:30 INTRODUCTION 

8:30-9:00 AGENDA 

9:OO-lot45 WG PROCESS/PROJECT PLAN 

10:00-12:00 TEAM BREAKOUTS 

12:OO-1 :OO LUNCH 

1 :00-3:00 TEAM BREAKOUTS 

3:00-5:00 ASSESSMENT METHODOLGY 

WEDNESDAY. APRIL 24 

8:00-9:00 HISTORY-1 (ALL) 

9:OO-12:OO TEAM BREAKOUTS 

12:OO-1 :OO LUNCH 

1 :oo-4:00 TEAM BREAKOUTS 
4:OO-5:OO PACKAGING CASE STUDIES 

6:00-5:30 RADIOLOGICAL HAZARDS 

THURSDAY. APRIL 21  

8:00-9:00 SAFEGUARDS AND SECURITY 

9:00-12:00 TEAM BREAKOUTS 

12:OO-1 :OO LUNCH 

1 :00-5:00 TEAM BREAKOUTS 

5:00-5:30 CLOSEOUT 

M. WILLIAMS 

S. ACHARYA 

P. WARD 

STAFF 

ACADEMY ROOM 

ACADEMY ROOM 

ACADEMY ROOM 

BREAKOUT RMS 

LOCATED OUTSIDE THE ACADEMY ROOM 

STAFF 

A. MUSCATELLO 

T. MCLAUGHLIN 

STAFF 

STAFF 

J. MART2 

M. GOLDMAN 

B. SMITH 

STAFF 

STAFF 

WILLIAMS/ 
ACHARYA 

BREAKOUT RMS 

ACAOEMY ROOM 

ACADEMY ROOM 

BREAKOUT RMS 

BREAKOUT RMS 

ACADEMY ROOM 

ACADEMY ROOM 

ACADEMY ROOM 

BREAKOUT RMS 

BREAKOUi't VlS 

ACADEMY ROOM 



Tuesday, April 19,1994 .- - s q - .  " * . '  TRAININGCLASSSCHEDULE 

8:30 - 9:00 . 

9:00 - 9:301 

1 
1 

Agenda - S. Acharya 

Worktog Group Pcocesa and Project P h  - P. Ward 

Academy 

Academy 

9:30 - 10:W 

T a m  Dynamicr - 
B. Pukcr 

11:W - 11:30 

Ts-1 (continued) 
Team Dynpmics - 
B. Parker 

Acodmry 

DA 
Database - 
J. Levin 

Tmer lU . 

PU-1 Plutonium 
Properties - 
A. Murcatcllo 

Tower ll 

PU-2 
Plutonium 
Barrien - 
FeltlJackaon 

Tmer m 
HIST-2 
Fires and MrlJor 
Events - 
FeWJachon 

Twer lU 

Ts-3 
conNct 
Resolution - 
J. .Loewen 

Tower Z 

Ts-2 
Inteniewing - . 
D. Denier 

Tower ll 

PU-1 
Plutonium 
bpatles- 
A. Muacrtello 

Twer ll 

PU-2 
Plutonium 
BPfiiers- 
FeWJackson 

Tower lll 

Ts-3 
conflict 
Resolution - 
J. Loewen 

Tmer Z 

TS-1 
TS-2 
Ts-3 
m-1 
HIST-2 
m - 3  
SA 
DA 

I 
Term Skill# - Tum Dynamic8 

Tum Skill# - Conflict Resolution 

Fins rad hlrjor Eve- 
Ion Exchango Winr and Minor EvmU 
Plutonium Staadudr and Safety M y &  
Dl!lbU8 

T m S W  - 
criticality Safety 

P P I  
PU-2 
PU-3 
PU-4 
PU-5 
Pub 
sas 
MErH 

Xutonium Propeaiea 
Plutonium brrien 
Plutonium HIwdJCowqwncea 
Plutonium Stongc 
Aixbom Releaso Fnctionr 
Radiological Iiazud~ 
Safeguards rad Security 
hument Methodology, Question Set rad Guideliner 



TRAINING CLASS SCHEDULE Wednesday, A p i i l 2 0 , l W  

11 8:W - 8:30 I HIST-1 History - CritkaKty Wety - T. McLaugblin 
A c a d q  

8:30 - 9:W 
. .  

. .  

HIST-3 Ion 
Fm and Major Exch R a i d  

Minor Events - 
A. Muacatello 

Tower II Tower Ill 

PU-2 Plutonium 
Plutonium BfUTkS- 
Propelties - FeWJachon 

TowerII . 
Tower UI 

HIST-2 
ExchResinsl FiresmdhQJor 
m o r  Events - Events - 

FcltlJachon 
Tower llI Tower II 

Ts2 
Intavkwhg - 

A c d m y  ' 

Resolution - D. Denier 

Tmer Z 

3:W - 3:30 

Tsl 
Te~mDpnrmiCr- 
B. Parker 

Acrdmry. 

Tsl (continued) 
T a m  Dynmnkn - 
B. Parkw 

Acodmry 

Pu-5 Airborne 
R d a K  
Fnctbnb- 
J. Mihimr 

Tow8r Ill 

Pu-1 
plutonium . 
hpcrtrcr- 
A. MUW~!CUO 

Tm8r Ill 

TA-2 
In- - 
D. D a k  

Acodrmy ' 

Packaging m d  Storrye t h e  sbudks - J. H ~ h k d J .  Mutz 

Ts-1 
Ts-2 
Ts-3 
HIST-1 
HIST-2 
m - 3  
SA 
DA 

PU-1 
Pu-2 
PU-3 
Pu4 
Pu-5 
PU-6 
SBS 
MRm 

I 



;. i ,  TRAINING CLASS SCHEDULE Thursday, April 21,1994 

9:00 - 990 Pu-3 

consequences - Iirzprds and 

seitz 
Tower Z 

Ts-3. 
conflict. 
R ~ ~ l ~ t i o n  - 
J..LOeWen 

Tower II 

HIST-3 IOU 
. Exch Rlesinsl 
Minor Events - 
A. Muscatello 

Academy 

PU-5 Airborne 
Release . 

J. Mishima 
Rocky II 

Fractions - 
DA 
Database - 
J. Levin 

Tower m 990 - 10:00 

1000 - 1090 SA Standards 
and hfety 
AnaIysis - 
J. Bocci0 

Tower ZU 

HIST-2 

Events - Fires and Major 

FeWJackson 
Rocky II 

PU-3 
Hazards and 
consequences - 
Seitz 

Tower Z 

Ts-2 
Interviiwiq - 
D. Denier 

Academy 1090 - 11:00 
11:OO - 1190 PU-5 Airborne 

RelePJe 
F ~ ~ O I I S  - 
J. Mishima 

Tower Z 

SA Stpn&ds 
and Safety 
Analysis 
J. Boccio 

Tower Zll 

DA 
Database - 
J. Levin 

Tower II 

HIST-2 
Fires and 
Major Events - 
FeWJackson 

Rocky II 
1190 - 1200 

. . . . . . . .  . . . .  . .  ~, .I:, ...... .:. ;. . 
i,.:'. ~ ..:. .... 1. .... . : y., . . . . . . . .  : :;..,:. . . . . . . . .  .......... i 

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

Pu-3 . 

consequences - 
. seitz 

Ha7.a~ds and .-- *. 

Tower 

SA Standards 
and Safety 

J. Boccio 
Analysis - 

Tower ZU 

HIST-3 IOU 
Exch Resins/ 
Minor Events - 
A. Muscatello 

Rocky II 

PU-5 Airborne 
Release 
Fractions - 
J. Mishima 

Tower Z 

1:00- 130 Ts-2 , I ' I  . 
Interviewing-, 

0 D. Denier 
190 - 200 Academy 

2:00 - 230 
. .F 

. .  
2 3 0  - 3:00 

3:00-3:30 DA ' 

database-- 

330 - 400 Tower I .  
- J . M ,  

400 - 430 Te~m Plnnning F 

Tmer Z 

440 - 500  

:5:00 - 590 ' C b h t  - , 

8 Academy 

DA I 

Database- - , ,  

i. .Levin 
Tower Z 

Ts-3 

Resolution - .;conflict 

J. Loewen 
Tower II 

SA Stmdards 
and Safety 

J. Boccio 
Analysis - 

Tower ZLl 

HIST-3 IOU 
Exch Resins/ 
Minor Events - 
A. Muscatello 

Rocky II 

PU-5 Airborne 
Release 
FIX&IU - 

. J. Mishima 
A c d w  

PU-3 
Hazards and 

Seitz 
consequences - 

Rocky II 

SA Standards 
and Safety 
Analysis - 
J. Boccio 

Tower Zll 

Team PlaMing 
Rocky II 

Team Planning 
Tower ZU 

TeamPlpMing 
Academy 

I I 

'1 . . 

T S 1  
Ts2 
Ts-3 
HIST-1 
HIST-2 
HIST-3 
SA 
DA 

PU-1 
PU-2 
PU-3 
PU-4 
PU-5 
PU-6 
S&S 
METH 

Plutonium Properties 
Plutonium Burien 
Plutonium €IazuddConrequencer 
Plutonium Storage 
m o m  Release Fmctioar 
Radiological H~mrdr 

Aascssmcnt Methodology, @ d o n  Set md Guidelincr 
SlfCgUardrMd security 
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PLUTONIUM ES&H VULNERABILITY PROJECT 

0 

0 

Objective - - Identify and prioritize ES&H vulnerabilities 
Create information base for interim corrective actions and safe 
management options 

Special Instructions - All forms and isotopes of plutonium under DOE'S custody and 
control 
Use of existing studies as applicable 
CSO, Operations off ice, M&O contractor participation 
External stakeholder involvement 
September 30,1994 

. .  
i Customer . '  - Secretary - Und-er Secretary's Nuclear Materials Disposition Project 

0 Responsi bility 
- EH haslead 



*ES&H VULNERABILITY 

". 
increased radiation exposure of the workers, release of 
radioactive - materials to the environment, or radiation exposure of 
the public." 

conditions or weaknesses that may lead to unnecessary or 

i ,  



Table A-1 
Plutonium Categories 

I 

Category 

Process hold-up 

Metal 

Oxide 

Very low irradiated and 

Weapons components, pits 
~~ ~~~~ ~ 

Scrap/residues/compounds 

Solutions 

Sealed sources in DOE custody 

High-level waste 

TRU & low-level wastes 

Materials in facilities accepted for 
D&D by EM 

Materials in areas subject to 
funded environmental restoration 
programs 

Materials in NRC or agreement 
state licensee custody 
~ 

Irradiated spent fuel and targets 

Expended in nuclear device tests 

Intact nuclear weapons and 
nuclear explosive assemblies in 
DOE Custodv 

Scope I Remarks 
1 

In Category includes Pu in ventilation systems, 
process vessels, piping, materials removed from 
the Nuclear Material Management and 

In Category also includes alloys 

In 

In Category includes ZPPR fuel 

Category includes mixed oxides with other 
actinides 

In Category includes weapons components in DOE 
custody 

Category includes Pu nitride, Pu carbides, Slag 
and crucibles, ash, graphite, etc. 

Category includes product/residue solutions, lab 
sam~les, etc. 

Category includes sealed sources as per Iut 1 Category includes calcined and liquid material 

DOE/ANSI standard , ’ ~ 

meeting DOE Waste Management Definition 

Category includes material packaged and 
declared LLW or TRU waste and material in 
burial sites. However, LLW or TRU co-located 
in plutonium facilities subject to this assessment 
are in-scope 

.. 

outi 

out 

Category out-of-scope; other DOE programs are 
addressing this material 

Category out-of-scope; other DOE programs are 
addressing this material 

Category out-of-scope; the licensee has ES&H 
responsibility 

This category was covered in the spent nuclear 

out 

out 
fuel vulnerability assessment 

out Category includes undetermined areas/locations, 
unrecognizable forms 

out Secretarial charter specifies this category out-of- 
scope 



Albuquerque 
Los Alamos National Laboratory 
Sandia National Laboratories, Albuquerque 
EG&G Mound Applied Technologies, Inc. 
Inhalation Toxicology Research Institute 
Mason & Hanger-Silas Mason, Pantex 
Martin Marietta, Pinellas 
'Allied-Signal Aerospace, Kansas City 

Argonne National Laboratory - Illinois (East) 
Argonne National Laboratory - Idaho (west) 
New Brunswick Laboratory 
Fermi National Accelerator Laboratory 
Ames Laboratory, Iowa 
Princeton Plasma Laboratory, 
Brookhaven National Laboratory 

Westinghouse Savannah River Co. 

Oak Ridge Associated Universities 
Martin Marietta, Portsmouth GDP , 

Martin Marietta Energy Systems, K-25 
Martin Marietta Energy Systems, Y-12 
Martin Marietta Energy Systems, ORNL 

Westing house Hanford, Defense Operations 
Battelle Memorial Institute, Pacific NW Laboratory 

EG&G Idaho, Inc., INEL 
West Valley Demonstration Project 

Chicago 
-- *' 

Savannah River 

Oak Ridge 

Nchland 

dah0 



Schenectady 
GE, Knolls Atomic Power Laboratory, Niskayuna 
GE, Knolls Atomic Power Laboratory, Kesselring 

Rocketdyne, Rockwell International, Santa Susana 
Sandia National Laboratories, Uvermore 
Stanford Linear Accelerator Center. 
Lawrence Berkeley Laboratory 
Lawrence Livermore National Laboratory - California 
Lawrence Livermore National Laboratory - Nevada 

Nevada Test Site 
EG&G, Inc., Las Vegas 
EG&G, Inc., Santa Barbara 

EG&G Rocky Flats 

Pittsburgh Naval Reactors Office 
B&W Naval Nuclear Fuels 
Westinghouse, Bettis Atomic Power Laboratory 

Oakland 

. .  

Nevada 

Rocky Flats 

Pittsburgh 



Figure 3-1 
PLUTONIUM ES&H VULNERABILITY ASSESSMENT PROJECT 

WORK BREAKDOWN STRUCTURE 

Task 1 Task 2 
Planning Training i 

1.a Project 
organization t 2.a Team 

rnem bershi p t 
I .b Plutonium 2.b Team 
characteristics training 

1.c Planning 
meetings 

1 .d Working Group 
organization 

8 .  

I Assessment Plans 
I 

-3.a Site 
Assessment 
Teams assessment 

-3.b Working Group 
assessment team 
verification and 
validation 

Y.: 

- 3.c Assessments f w 
of smaller sites F ... 

<.: 
<,:, 

;: 

Task 4 Task 5 
Analysis Reporting 

I 

-4.a Data 
assembly 

- 4.b Vulnerability 
characterization 
andsummary - 

- 4.c Prioritization 

- 5.a Data 
collection and 
organization 

- 5.b Report 
writing 

- 5.c Draft report 
distribution 

-5.d Final report 

- 5.e Management 
briefings 
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Figure 3-2 
Responsibility/Flow Chart 

for 
Plutonium Working Gnoup Vulnerability Assessment 

1 1 
I 
I 

'I I 

1 1 I W.G. Assessment 1 I Working Group I Site Assessment Teams I Teams I 

Collect facility 
data. Complete 

responses to 
Question Set. 

Develops 
vulnerability 
assessment 

methodology and 
process, including 

Question Set. 

I 

Receive I 
I training. 

'I I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
1 .  
I 
I 

Obtains information 
from custodians cf 
plutonium at smaller 
sites and assesses 
E&H vulnerabilities. 

- 1  
I 
I 
I 
I 
I 

Visit sites. 
Verify and validate 

inform at ion. 
. Identify and 

Reviews Site and 
Working Group 

Assessment Teams 
reports for 

consistency across 
DOE complex. 

Characterizes & 
prioritizes 

vulnerabilities. ' 

Prepares 
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Figure 3-3 

Plutonium E S I H  Vulnerability Assessment Project Schedule 



SITE ASSESSMENT TEAM REPORT OUTLINE 

0 
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0 

0 

Executive summary 
- Summary by facility 
- Site-wide conclusions 

Identification of facility 
- Brief description 
- Holdings 

Discussion by facility 
- . Summary of responses to question set 
- Identification of ES&H vulnerabilities 

Appendices 
- SAT membership 

Responses to Question Set (each facility) 
Vulnerability Assessment Forms 
References 



WORKING GROUP ASSESSMENT TEAM ' 

REPORT OUTLINE 

0 Executive summary 

, .  0 List of facilities included 
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Evaluation of Site Assessment Team report and site-ldentified 
vulnerabilities 

- Facility B 

Summary of additional vulnerabilities identified by Working Group 
Assessment .Team 
- Facility'A 
- Facility 5 - 

- ,  WGAT Vulnerability Assessment Forms 
- SATreport 
- WGAT membership 
- References 
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FINAL REPORT OUTLINE 

o Executive summary 

0 Vulnerability characterization 

0 Vu1 n e rab il ity prioritization 

. 0  Appendices 

- SATreports 
- WGAT reports 
- Assessment planning documents 

0 Separate classified appendix (if necessary) 

- 
.- 

Classified appendices from various site reports 
Classified appendices developed for final report 



CLASSIFIED INFORMATION 
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Working Group report will contain unclassified information only 
Data collected by assessment teams may be classified 
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PLUTONIUM PROPERTIES 
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TYPICAL ISOTOPIC COMPOSITION OF GRADES 
OF PLUTONIUM (WT. %) 

lsotope 
=PU 
=PU 
240Pu 
241Pu 
242Pu 
2 4 1 m  

Half-Lie ma 
88 

24,100 
6,600 

14 
376,000 

433 
7370 

18 
2/6 

Decay 
Mode 

a 
a 
a 
P- 
a 

a,y - 

a¶Y 
a,Y 
SF 

Heat 
Source 

83.5 
14-0 
2,o 

, 0.4 
0.1 
-1 

I- 

I O  

9- 

Weapons 

q0.05 
93,6 
6.0 
0,4 . 

<0.05 

0 

0.02-0.3 
-I 

- 0 .  

I- 

Fuel 
[LWR) 

0.1 
86 
12 
1.6 
0.2 
-2 
I- 

-- 
I- 

Reactor 
(Power) 

1-5 
58.1 
24-1 
11.4 
4.9 
4 
-- 
111 

-I 
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, I  

MINIMUM CRITICAL MASSES I‘ ./: 
, I?’..t. 

4 l d  , . ~ . 7  . 

Conditions 
Metal sphere reflected by 10 
cm iron 
33 g/L Pu, Pu(N03), solution, 
3085 cm sphere, water- 
reflected 
Unreflected Pu(NO,), solution 
in spherical stainless-steel 
container 
Pu metal sphere, water- 
-reflected 
32 g/L Pu, fully reflected 
sphere 
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GAMMA RADIATION DOSE RATES 

Gamma dose rate (remr) at: 
pus kg Surface 1 Meter Form 

Pit (W Pu) -4 0.8 0.002 
RPu metal sphere 6 17 0.03 

0.009 PuO, powder (W Pu) 4 1 
PUO, powder (R Pu) 6 20- 0.2 

W Pu = Weapons grade Pu (0.2% 24'Am) 
R Pu = Reactor grade Pu (4% 24'Am) 
.Ref.: National Academy of Science Report 
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CONTACT RADIATION DOSE RATES 
(1 kg spheres) 

Pu Grade Gamma Dose, rem/hr Neutron Dose, rem/hr 
Weapons 1.6-2.3 16 
Reactor I 19-41 I100 
Heat Source 864 - -  4800 

i 
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242Pu 

242Pu F4 
242Pu 0 2  

NEUTRON RADIATION FROM ISOTOPES AND 
SELECTED COMPOUNDS 

I tsotope/Compound 

238Pu I 238Pu FA 
238Pu 0 2  

239Pu 
239Pu 0, I 239PU F8 
240Pu 
240Pu 0 2  I 240PU F8 

Spontaneous Fission - 

n/s-g (isotope) 
3.4 x io3 
I- -- 

3.0 x IO" 
II.1 

I.1 

1m02 x io3 -- 
I- 

1.7 x io3 

landbook," 1980 

Estimated (a,n) 
n/s-g (isotope) 

11.1 

1.4 x io4 
2 m 1  x lo6 

-- 
' 4m5 x IO' 
4.3 x io3 

1.7 x lo2 
1.6 x IO4 

2.7 
1.7 x IO2 
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PROPERTIES OF PLUTONIUM OXIDE (PuOa :r, "I . , ! I T .  ;,;.ps 

d$ $ :* 
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* ., , . 3, 

' < ~ > .  
:$, :, ..' $ < > . b  

I&\?) ,.$ 
><$,&) 

t ;zd 

0 

0 

Black to khaki to yellow green solid 

Dispersible, fine powder (depending on source and calcination 
temperature)' 

Absorbs water (up to 2% by wt.) 
- Generates gas 
- Potential pressurization - 

2' ""P, 

.?,\a*. . 
0 

Potential fire hazard from hydrogen gas 

0 Water removed by heating @ 1000° C (Figure 1) 



Temperature (oC) 

Figure 1. The temperature dependence of water desorption from plutonium 
dioxide in vacuum. Data are from a sequence of isothermal measurements 
with a Pu02 sample having a specific surface area of 17 m '/g. 
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PROPERTIES OF PLUTONIUM. OXIDE (PuOd (cont.) 

0 

a 

Normal storage (< 1 yr): 

- 'Stabilized oxide (500" C) 
0 . Tape sealed metal container - Ambient atmosphere 
- Taped plastic bag 
- Taped outer container 

'Long term storage (> 1 yr): 

Stabilized oxide (IOOOO C) 
Metal sealed container 
Inert atmosphere 
Welded outer container 
No organic material 
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14 

STORAGE CONCERNS - PLUTONIUM OXIDE 

Fine powders are a dispersible contamination hazard 

Plastic packaging can be damaged by radiation - Potential loss of containment - Hydrogen gas generation 

Moisture and other contaminants, if present, also add to gas 
gene rat ion - Potential pressurization - Fire hazard from hydrogen gas 

P ,  

~ . - ’  
? -  
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0 

0 

m 

0 

PROPERTIES OF PLUTONIUM FLUORIDE 

Pink solid ’ 

Dispersible, fine powder 

Neutron hazard (a, n) - 4,300 neut rons/sec/g ram (239P u) 
- 2,i OO,OOO neutrons/sec/gram (238~u) 

Storage concerns similar to those for plutonium oxide 
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PROPERTIES OF PLUTONIUM HYDRIDE 

Black solid 

a 

a 

a 

a '  

Fine powder 

Pyrophoric 
-- Ignites in air 

Can be readily formed from metal and H, or H,O 

Not normally stored 
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.> ' .- '? 
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PROPERTIES OF PLUTONIUM (IV) NITRATE 

e Green solutions in nitric acid 

0 Radiolysis generates hydrogen gas - - Potential pressurization of bottle or tank 
Potential fire hazard if allowed to accumulate 

0 Radiolysis destroys acidity - 
- Precipitates out as sludge - 
- 

Plutonium +&polymerizes at <0.4lVJ acidity 

Potential handling problems (clogged pipes) 
Possible criticality hazard if in unfavorable geometry 

0 Not a recommended storage form 
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PROPERTIES OF PLUTONIUM CHLORIDE 

0 Blue (Pu") or brown (Pu") solutions in hydrochloric acid 

0 Radiolysis - similar to plutonium nitrate 

0 Hydrochloric acid requires special containers - Plastic or plastic lined. 

o Blue 'or'black in ,pyrochemical (high temperature chemistry) salts 

Storage concerns similar to plutonium oxide for solids 

0 Solutions are not a recommended storage form 
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OTHER FORMS OF PLUTONIUM - RESIDUES 

Residues: Plutonium dispersed in other materials 

[Pu] > economic discard limit (EDL) 

(EDL = cost to recover = cost to make new Pu) 

Pyrochemical salts (chlorides and fluorides) 
Scrub alloy (aluminum) 
Ceramics (crucibles, firebrick) 
Sludges- 
Graphite 
Combustibles (wet & dry) 
Incinerator ash & dissolver heels 
Ion exchange resins 
Other metals 



, , j  
Lo 

0 

0 

0 

0 

STORAGE CONCERNS - COMBUSTIBLES 

Alpha and gamma radiation decompose combustibles into hydrogen 
gas; Oxygen also sometimes released 
- Pressurization and fire hazard - Water and CCl,, if present, are also decomposed (HCI corrosion) - PVC produces HCI in the presence of moisture 

Nitric acid can react with cellulosic materials; possible spontaneous 
com bustion 
- Fire hazard - 
- Acid fumes corrode drums 

Usually occurs soon after contact 

Ion exchange resins also generate hydrogen gas - 
- .Acid fumes corrode drums 

Contain both oxidizer (nitrate). and fuel (resin) 

Leaded gloves may form unstable lead nitrates - Deactivated by water washing 
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3%: Q&%g. 
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;2!. ,, 

. * : a  
,*.' . , . l ' c  ;,-.; 0 These residues contain chloride salts and free metals I I 

I 
I - .Pu, Mg, Na, K, Ca: reactive metals I - 

- Bulk salt mitigates hazard by.being a heat sink 
Na202 (sodium peroxide) can form with electrorefining salts, but is 
unlikely to survive exposure to air 

, 

/ . ::\' 
<,.; ::ti 
' ,*" 

0 Radiation damages plastic containment - I Hydrogen gas generation - Contamination potential 
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' I  

0 

STORAGE CONCERNS - FUL-FLO FILTERS 

Filters formed from polypropylene fibers 

Some exposed to nitric acid; - no nitration hazard 9 

9 Radiation generates hydrogen gas 

Pressurization and fire safety issues 

; 
I J 
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TWO BASIC CHEMICAL PROCESSES 

0 

e 

0 

Aqueous 
0 Dissolution 

Separation - .- 
- Solvent extraction 
- Ion exchange 
Conversion to oxide 
- Precipitation and calcination 
- Direct denitration 

- HNO, 
- HC,I 

t' 
1 .. " .  I 

Pyrochemiqal ~ . 3 

0 Purification - Ejeqtsoaefi ni ng 
- Molten salt 'extraction 
Metal conversion - Direct oxide , % ,. reduction 
- Fluorination/reduction 
- Chlorination ' 

. -  



OTHER PROCESSING 

e Other high temperature processing 
- Calcination 
- Thermal stabilization - Metal oxidation - Incineration - Casting 

Alloying 
Heat treatment 

e Powder handling 
- Screening - Blending 

0 Manufacturing - Foundry - Rolling & forming - Machining - Inspection & assembly 



0 

0 

0 

STORAGE 

In process storage - Glovebox, canyon, cabinet - Tanks - In-line shelving, conveyor systems 

Vault storage - Cans. 

-;. Drums I 

- In-line , - *Off-line 

Other $torage - - Mixed waste drums'& boxes - Transuranic waste drums 

25 

E 
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WASTE 5 .  TREATMENT .-- - 5  

0 Solid wastes -, 

- Size reduction 5 - -1 . - I  . #Packaging/repackaging 

0 Liquid wastes - Precipitations - Immobilization - Evaporation 
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ANALYTICAL AND OTHER LABORATORIES 

e 

e 

e 

e 

e 

Samples 
- Solids 
- Liquids 
- Gases 

Standards 
- Plutonium 
- Other 

Radiography 

NDA I 

- Caloriimetay 
- n/y Spectroscopy 
- Standards 

Development 



0 

0 

SUMMARY 

Plutonium is a complex and hazardous element 

Plutonium's nuclear properties serve a useful purpose in national 
defense which have lead to a large number of potential problems from 
surplus materials: 

- Radiation safety. hazards - 
- waste management 

Fire and chemical safety hazards 
. <  

' .  
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BARRIERS 

Packaging - Felt 

Storage vaults - Jackson 

Process and ventilation' systems- - Felt 

Administrative controls - Jackson 

Shielding - Jackson 

0 1 -.Safety systems'- Felt 

. .  . 
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Ust of Packaging Types and Physical Barrier Types for Question 2 

Packaaing T m  

Metal Cans 
MC-1 Single Can - Slip 
MC-2 Single Can - Mechanical 
MC-3 Single Can - Hermetic 
MC-4 Piasti c Wrap In Contact 
with 

Metal 
MC-5 Double Barrier Cans With 

Plastic Wrap 
MC-6 Double Barrier Cans 
without 

Plastic Wrap 
MC-7 Other-Specify 

Plastic 
PL-1 Bags 
PL-2 JarsBottles 
PL-3 Other-Specify 

Drums 
DR-1 %Gal. 
DR-2 30Gal. 
DR-3 <30Gal. 
DR-4 <5Gal. 
DR-5 Other-Specify 

ranks 
TA-1 Raschig Ring Filled 
TA-2 Geometrically Favorable 
TA-3 Other-Specify 

Crates (box) 
CR-1 Metal Burial Box 
CR-2 Cardboard Box 
CR-3 Wooden Crates 
CR-4 Other-Specify 

Shipping Containera 
SC-1 Shipping Containers 
SC-2 Other-Specify 

I 

No Packaging 
NP-1 Basket 
NP-2 Other 

Worker Barrier' 

Phvsical Barrier Tv~es 

WB-1 Glovebox 

WB-2 Transfer System 

WB-3 Duct 
WB-4 Filter 
WB-5 Vault 
WB-6 Room 
WB-7 'Canyon 
WB-8 Hot Cell 
WB-9 Cell 
WB-10 Burial Ground 

WB-11 Piping 
WB-12 None 
WB-13 Other-Specify 

PublicEnvironmental 
Barrie? 

EB-1 Facility Boundary 

HVAC/Confinement 

Uquid/ConOainment 
EB-4 Site Boundary 
EB-5 Bunlrers 
EB-6 Trench 
EB-6.1 Backfilled 
EB-62 Enclosed 
EB-63 Open 
EB-6.4 Other-Specify 

EB-7 Storage 
Vault 

EB-8 Canyons 
EB-9 Pad 

EB-10 Caisson 

EB-12 Other-Specify 

EB-2 

EB-3 

EB-11 Pond 

Barrier between plutonium and worker. 

Last barrier between plutonium and public and environment, 

1 

* 



7 

. +. 

. ;: 

MATERIALS, PACKAGES, BARRIER EXAMPLES 

1. Material, can, 
drum, pad, tent 

Mer zone 
d 

Buffer zone 

4. Material, 
glovebox, HVAC, 
room, building 

1 Buffer zone 1 
2. Solution, 
pencil tanks, 
room 

5. Solution, 
Raschig rings, 
tank, room 

3. Material, inner 
can, slip-lid can 

6. Material, barrel, 
clay liner, soil, 
burial ground 



Pu metal storage container 
short- term duration 

, b-6" Maximum-4 

- I  

12" 

Max 

1 

INERT 

A COLD 

L CON-FLAT flange 

L 
Pu metal 

1 g - O ~  Bag 
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Pu .oxide storage co,ntainer 
qualified oxide 

short,intermediate and long. term duration 

Max 

T 
12" 

k-- 6" Maximu- 

L 
HElR 
ATMOSPHERE 

I 

Metal 

3 - Stainless steel 
Inner container 

L.- Pu oxide inslip- 
fit can . 

r 
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I 
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CLOVEBOX 

'2 
GLOVEBOX 
CxTEtl#)R 

CENTERHEAT- 
TRANSFER POST 

SPHINCTER SEAL 
ASSEMBLY 

1, INSERT CAN INTO SPHINWER SEAL 

GLOVEBOX I 

GLOVEBOX 
EXTERJOR 

WHEELS 
HUED AND ON SHEARER 

WElDED 
TCIANSFER CAN 

9. CUT CAN ALONG CENTER OF WELD 

12 

GLOVEBOX 

IC ROTARY 
GLOVEBOX l lC WELDHI 
EXTERIOR -- 

HOLLOW PLUG 

PLulcmUM 
OXIDE 

2. FILL CAN, INSERT PLUG AND WELD CAN TO PLUG 

SCRAP PORTION 
OF CAM TO BE 
OISPOSED OF GLOVEBO% 

CLOVEBOX 
EXTERIOR c 

H U E D  AND 
WELDED 

'?RAN!%EFi CAN 

4. R EMOVE SEAlE D CAN FROM G LOVEBOX 

EAGLESS TRANSFER CO NCEPI: 
UTILIZING AUTOMATIC RO TARY T1G WELDER TO S EAL CAN 



.4CCES3 SLC? 'CP. LXSZ? 
SAMPLING DEVICE 

OPENING FOR AUTOMATED 3XINDIIXG 

RESISTANCE WELDED HONEYCOMB 03 
ALUMINUM FOAM 2ACKING r LTSTZNG EARS 

HANDLING 
FOR. AUTOMATED 

\ I 
/ 
/ 

TEBE FOR PURGE, 3ACKFILL 
AND GAS SAMPLING OPERATI3XS 

SLOT IN COVER FOR LASE3 

SAMPLING 
TUBE 
PROTECTIVE 
COVER 

- BAGLESS 
TRANSFER 
CAN 

- 5 '  SCHEDULE 
40 PIPE 

- 5 "  SCHEDULE 
40 PIPE 
TYPICAL 

C 'S I 
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STORAGE VAULTS 

Merle D. Jackson 
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FUNCTIONAL REQUIREMENTS FOR PLUTONIUM 

a 

a 

a 

a 

a 

0 

a 

a 

STORAGE VAULT 

Meet plutonium storage requirements 

Maintain facility and equipment 

Safeguard and secure plutonium 

Limit environmental impact 

Limit radiation and contamination exposure 

Remove heat 

Enable inspection 

Present critical array 
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FUNCTIONAL REQUIREMENTS FOR PLUTONIUM 
STORAGE VAULT 

(Continued) 

a 
a 
a 
a 

a 
a 

e 

Provide confinement 
Impact facility interfaces 
Provide capability to decontaminate and decommission 
Meet all applicable regulations, codes, laws, etc. 
Material segregation-'capability 
Maximize inherent safety 
Place package in/or remove package from storage 
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SHIPPER SlTE * 

OXIDE/ METAL 

SST PLUTONIUM STORAGE FACILITY 
b 

(9 
00 

EXISTING CAN 
SrORAGE 

Package Can into 
Humctically scaled 

Double Conhinnient 
Requited for 

Oxide Shipment 

NEW PRIMARY 
CONTAINMENT VESSEL 

New Design 

SHIPPING 
PACKAGE 

M d i r d  Y%8 
SAFKEG 
NewDesign 

Slum in Primary 
COnWiMld VCSSCl 
in a "4 Pack" pallcc 
for Criticality Sp+iig 

- Slum in Primary 
ContJntiicni Vcsd  
cmly wilh "Bird Cagc" 
For UMisdi!y Spacing 

Sturc: . a i  Smic SJiippLig 
Pack2 ;c 



STORAGE VAULT 

Filters 

Physical Protection Barrier 

Physical 
& Contamination 
Barrier 

Storage 
Container 

I 

Vault 

Building Physical & 
Contamination Barrier 

q 
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PROCESS AND VENTILATION SYSTEMS 

Rowland E. Felt 
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GLOVEBOX 

Y I I 1  

Air Flow 
I 

Worker 

I 

I '  
I 
I 
I 
I 

Contam hated 

Package 

I 
- 1  1' 

. ,  
Inlet 
Filter 

Air Flow 
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0 
0 
0 
0 
0 -  
0 
0 

ADMINISTRATIVE CONTROLS 
CO M PEN SAT0 RY M EAS U RES 

Procedures: operational, maintenance, surveillance 
Material limits 
Training 
Quality assurance 
Conduct of operations 
Conduct of maintenance 
Housekeeping 

0 --Authorization bases 
- - Safety analysis report 

' - Technical specification/standards 
- Criticality safety analysis/specif ications 

e Surveillance 
0 Organization 

- Structure 
- Management development 
- Staffing 
- Facility related experience 
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a 
a 
a 
a 
a 
a 
a 

ADMINISTRATIVE CONTROLS 
COMPENSATORY MEASURES 

(Continued) 
Lessons learned 
Configuration control 
Preventative maintenance 
Monitoring 
Trending' 
Testing/verification of integrity 
Emergency manageme'nt 
- Planning 
- Procedures 
- Response 





0 m 

Shielding 

Paper 

I 



SAFETY SYSTEMS 
(Continued) 

,ir activity alarms 

: r i t ica I ity alarms 

:riticality engineered features (spacing, equipment, etc.) 

ilove boxes 

lrocess control systems (safety related) 

:mergency power 

rstrument air system 

ireathing air system 

ire protection system 

I 
33 31 



Shielding 

Paper 

I 
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SAFETY SYSTEM 

Rowland Felt 
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0 Ventilation 

Filters 
Ducts 
Fans 

SAFETY SYSTEMS 

(HVAC) 

(Select - 

Controls 
Stack 

Outlet) 

- Special atmosphere 

Building walls 

Air locks 
Security constraints 

(nitrogen, dry air) 
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0 

0 

0 

0 

0 

0 

0 

0 

0 

SAFETY SYSTEMS 
(Con t i n ued) 

Air activity alarms 

Criticality alarms 

Criticality engineered features (spacing, equipment, etc.) 

Glove boxes 

Process control systems (safety related) 

Emergency power 

Instrument air system 

Breathing air system 

Fire protection system 



VENTILATION AIR REVERSAL AT ROCKY FLATS PLANT 

On February 3, 1994, at Rocky Flats Plant Building 371, Radiation Operations personnel 
discovered air pressure greater than that of the adjacent hallway in room 3305, a surface 
contamination area. Negative differential pressure was used as an engineered control to 
preclude the spread of contamination from radiologically controlled areas. Workers 
discovered the out-of-tolerance differential air pressure in room 3305 during performance 
of a routine surveillance smoke test. Radiation Operations personnel immediately posted 
the adjacent hallway requiring respirator protection prior to entry. (ORPS ~ e p o n  RFO-EGGR- 
371 OPS-1994-0016) 

Workers adjusted the exhaust and supply air valves to room 3305 and the hallway until 
the room was at a pressure less than the hallway. Radiological Controls personnel 
removed the respirator requirement for the hallway after swipe surveys revealed no 
contamihation. 

On February 9, 1994, personnel at Rocky Flats Plant Building 371 discovered air pressure 
in a supplied air house in room 231 0, a surface contamination area,. that was greater than 
the pressure in the adjacent hallway. The pressure imbalance between the two areas was 
created when operating engineers failed to properly adjust the air damper in the supplied 
air house after replacing the exhaust high-efficiency particulate air filter. (ORPS Report RFO- 
EGGR-371 OPS-1994-0018) 

Investigators determined the pressure imbalance occurred because workers did not know 
the automatic air damper was malfunctioning. After the high-efficiency particulate air 
filters were replaced, workers set the damper on automatic, but did not verify that the 
pressure in the supplied air house was negative. 

To prevent similar occurrences, management personnel at Rocky Flats will modify the 
work packages to ensure that workers do not set the air damper on automatic and that 
they test all air dampers to verify that air is flowing in the proper direction after replacing 
high-efficiency particulate air filters. 

. 

There have been numerous other events at DOE facilities concerning air reversals that 
resulted in the potential for the spread of contamination. Examples of these events 
include the following. 

I 

On October 6, 1993, personnel at the Savannah River Old HB-Line facility 
discovered an air reversal from room 306 into the corridor because a piece of 
heavy craft paper became lodged in the exhaust duct partially restricting air 
flow. ( O R E  E v e n t  SR-WSRC-HCAN-1993-0095) . 

On April 12, 1993, personnel at the Rocky Flats Plutonium Processing plant 
discovered an air reversal from room 3567A into the hallway. Operating 
engineers manually adjusted the supply damper to create negative air pressure 
in room 3567A. (ORPS Event RFO-EGGR-371 OPS-1993-0028) 

On April 30, 1992,'personnel at the Hanford 324 facility discovered air flowing 
from a radiation area into an uncontrolled area. Investigators concluded that 
someone working in the area violated operating procedures when they opened 
the dampers to  provide more air flow in an effort to reduce room temperature. 
(ORPS Report RL-PNL-32419924011) 



0 On February 12, 1992, personnel at the Savannah River Old HB-Line facility 
identified an air reversal that resulted in an increase in airborne activity in a 
corridor. Prior to  the event, a worker adjusted a ventilation system damper to 
reduce a higher-than-usual airborne radioactivity level in an airlock located in 
another corridor. Although the worker did not notice an immediate change in 
the air flow after the adjustment, the open damper decreased exhaust capability 
in the room, which caused room pressure to rise. (SR-WSRC-HCAN-1992-0009) 

To preclude similar events, management at other DOE facilities may consider implementing 
a test program to  verify correct air flow after maintenance of air dampers or filters. DOE 
5480.1 9, Conduct of Operations Requirements for DOE Facilities, Chapter VIII, C.7, 
states: "Equipment should be tested following maintenance to demonstrate that it is 
capable of performing its intended function. The testing should include performance of 
all functions that may have been affected by the maintenance. The testing should also 
verify that the maintenance performed served to correct the original problem and that no 
new problems were introduced. Any testing following maintenance should be specified 
on the maintenance work order or accompanying documentation (e.g., maintenance 
procedure). The operations supervisor should ensure that testing appropriately proves 
equipment operability." 
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PURPOSE 

Develop an understanding of the hazards and consequences 

associated with the handling and storage of plutonium. 

Identifying the hazards and consequences of other fissile material in 

comparison to plutonium. 
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Hazards 

0 

0 

OUTLINE 

Radiolytic/chemical damage to barriers (contamination) 

Ionizing effects in metals/insulators 
Radiolysis 
Reaction of radiolysis products, material degradation 

P yro p horicity/oxidat ion - hydration - h yd ridat io n 

Ignition temperatures of metal versus particle size 
Plutonium hydride 
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. .  ' . . , 
, .. , . .. 
. .  

OUTLINE 
(Continued) 

0 Volumetric expansion (explosion, rupture) ' 
- Bulk expansion from chemical reaction 
- Gas generation 

Helium generation 
H2, 0, generation 
Organic degradation products 
Plutonium metal - gettering 

0 Radioactive decay (exposure) 
- Alpha decay rates 

. - Sixty kev gamma radiation and attenuation 

0 Criticality (radiation, explosion) 
- 
- Shipping limits 

Critical safety operating limits (CSOLS) 



4 

OUTLINE 
(Continued) 

Plutonium-specific consequences 

0 

0 

0 

Contamination 
- Surface contamination' 
- Inhalation. 
- Injection 
- Ingestion 
Exposure 
- ALARA process 
- Dosimeters 
- Selective alpha air monitors 

- - Reporting process 
Environmental insult 
- Soil contamination-spilIs/drains 
- Air emissions - stacks 
- Air emissions - accidents 

. 
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HAZARD REFERENCES 

"Assessment of Plutonium Storage Safety Issues at Department of Energy 
Facilities," DOE/DP-O123T, January 1994 

"Plutonium Pyrophricity," J. L. Stakebake, EG&G Rocky Flats Division 
Report, Golden, CO, RFP-4517, June 1992 

"Plutonium Handbook, A Guide to the Technology," Volumes 1&11 
OS. Wick, Editor; American Nuclear Society, 1980 

"Riegel's Handbook of Industrial Chemistry" Ninth Edition, Edited by 
James A. Kent, 1992 
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FISSILE MATERIALS 

Uranium - 233 

Uranium - 235 

Plutonium - 239 

Plutonium - 241 

Neptunium - 237 

Weapons-grade plutonium 

Fuel-grade plutonium 

Other plutonium isotopes (Pu-240, Pu-238) are also fissile at higher neutron 
energies. 
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RADIOLYSIS DESTROYS MOLECULES 

Molecule Radiolysis Product Results 
Water (H20) Hydrogen gas (H2), Gases pressurize 

oxygen (O,), peroxide containers. Products 
(H202) react with plutonium 
Nitric oxide (NO), Nitric oxide reacts with 



RADIOLYSIS DESTROYS MOLECULES 
(Co n t i n u ed) 

11 Molecule I Radiolysis Product 
Polypropylene, 
(-CHCH,-) 

I 
I Polyvinylchloride (PVC) I C, H,, CH,, HCI 

I ( - T H 2 - )  
I CH, I 

Results 
Plastic turns black and 
brittle, gas pressurizes 
container or reacts with 
plutonium 
Hydrochloric acid reacts 
with metals to form 
chlorides 
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GElTERING OF REACTIVE GASES BY 
PLUTONIUM METAL AND OXIDE 

+ PuH,, PuO,, Pu (OH), 

Pu + PuH, + 0, pu, P 2  . HI 
PuO, + H,O + PuO, H,O 

Results: Increased volume of the plutonium. Formation of pyrophoric 
plutonium. Release of water-of-hydration if plutonium oxide is heated. 
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PYROPHORICITY a 

Pvrophric substance is one that will ignite in air at or below room 
temperature in the absence of added heat, shock or friction - Chemical 
Dictionary 

Pvrophric plutonium is plutonium metal that will ignite spontaneously in air 
at temperature of 150°C or below in the absence of external heat, shock, 
or friction - Rocky Flats Definition 

Pvrophoric materials are materials that will ignite in air at conditions of 
temperature, shock or friction encountered under normal storage and 
,handling conditions - Plutonium Vulnerability (Proposed) 

. .. 
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VO LU M ETRlC EXPANS ION 
BULK EXPANSION 

Material 
~ 

Plutonium metal (alpha) 

Plutonium dioxide 

Plutonium dioxide (bulk) 

Density gm/cm3 
19.86 

11.46 (x-ray density) 

10.5 (sintered), 2.0 (unconfined) 

I( Pu + 0, -+b Pu0, I Reaction 

1 Mass 12399 + 329 - 271g I 
I Volume 112.0 cm3 -+b 25cm3 
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VO LU M ETRlC EXPANS ION 
GAS GENERATION POTENTIAL 

Helium 

Helium stays in metals and forms compressed microscopic 
bubbles at grain boundaries. Helium will stay trapped for 50 
years but can move upon heating and be released entirely 
near the melting point of 640OC. 

Nearly all helium escapes from oxides 

Typical storage canister - negligible pressure build up in 10 
-years. Potentially significant build up after 20 years 

Calculation: Plutonium generates 1.05~1 0'4 mole helium per kilogram of 
PuO, per year. The 4.5 kilogram of PuO, in a can of volume 1.85 Liter will 
generate 5.3 psi pressure after 50 years. (Pu Storage, p Cl). I 
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0 

VO LU M ETRlC EXPANS ION 
GAS GENERATION POTENTIAL 

Hydrogen gas from water that reacts with metal or oxygen 
deficient oxides or from degradation of organics 

Plutodurn oxide with a surface area of 200 cm2/g can'absorb 
30 mg water per gram of oxide 

Plutonium oxide heated to 650°C in vacuum can retain about 
1' mg water per gram of oxide 

Calculations: For untreated material' containing 30 mg water per gram of 
oxide, complete reaction would yield I .67 x 1Q"mole hydrogen gas per gram 
materi4 or, in specific storage of 4.5 kg.PuO, in 1.85 liter volume, a total 
pressi ;e of 1,695 pia. 

For stsbilized oxide the maximum is 56.5 psia. Complete reaction of water 
with PuO, is difficult to rationalize and ,may not occur (Pu Storage, p C2) I 
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0 

VO LU M ETR I C EXPANS ION 
GAS GENERATION POTENTIAL 

Hydrogen and oxygen from water by radiolysis 
. .  

H,O H, + 1/2 0, 

Calculated pressures are 1.5 times that for chemical reaction 

I Calculations: For untreated material, 1.5 times 1,695 psia = 2543 psia 

I For treated material, 1.5 times 56.5 psia equals 84.7 psia (Pu Storage, p C2) I 
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VO LU M ETRlC EXPANS ION 
GAS GENERATION POTENTIAL 

Thermal desorption of water 

- Uncharacterized material can release as much as 20 mg 
water per gram of material 

- External heat source and uniform heating to 200°C required 
to realize this release 

Calculations: Release and vaporization of 20 mg water per gram of PuO,, 
results in vaporization of 1 .1 1 mole of water per kilogram of material. The 
4.5 kg of material in a 1.85 liter can results in a pressure rise of 1 ,I 30 psia at 
200°C (Pu Storage, p C3) 
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ELECTROMAGNETIC RADIATION FROM PLUTONIUM 

0 

0 

Four sources: 

Gamma radiation from alpha decay 

Internal conversion x-rays (beta-gamma radiation) 

Gamma radiation from spontaneous fission 

Gamma radiation from fission product decay 

Gamma radiation from alpha decay dominates as the radiation 
hazard from plutonium 
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GAMMA (FROM ALPHA DECA RADIATION FROM 
FISSILE ISOTO '3, ES 

Isotope I . 

Uranium - 233 
Uranium - 235 
Plutonium 239 

Plutonium - 241 

Neptunium - 237 
! +  

Source of Surface Dose Rate 
Alpha decay 
Nearly stable 
Alpha decay 
Dominated by'Americium - 241 Daughter after 2 
years 

' .  

Dominated b short lived rotoactinium (Pa-233) 
Decaying to b ranium-23 8 
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0 

CRITICALITY 
OPERATIONAL CONTROLS 

Packaging and transportation 
DOE Order 5480.3 Sub'ect: Safety requirements for the 
substances, and hazardous wastes. 
packaging and transpo r i  ation of hazardous materials, hazardous 

Example References:- 
Title 10 CFR 71, "Packaging of Radioactive Material for Transport" 
Title 49 CFR I09 - 199 "Hazardous Materials Regulations" 

International Atomic Ener Agenc Safety Series No. 6, 

Revised Edition 
"Regulations for the Safe Y r Y  ranspo of Radioactive Material," 1973 
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PACKAG I NG AND TRANSPORTATION 

0 Shipping: categories and limits 

- Fissile Class I: packages that may be transported in 
unlimited numbers and in any arrangement 

- Fissile Class II: packages with a fissile content that may be 
transported in any arrangement but in numbers that do not 
exceed a transport index of 50. For nuclear criticality control, 
packages may have a transport index of not less than 0.1 and 
not more than IO. 

- Fissile Class 111: shipments of packages that are controlled in 
transportation by special arrangements between shipper and 
carrier to provide nuclear criticality safety 
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CRITICALITY 
OPERATIONAL CONTROLS 

I C  
4 

0 Operations: criticality safety operating limits (CSOLs) 
- Areas of operation . .  

,, , 
, c  - Postings ..-. *. ' 
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PLUTONIUM - SPECIFIC CONSEQUENCES 
CO NTAM I NATlO N 

0 

0 

0 

Surface contam inat ion 

- 
- 

Vu1 n e ra b i I it ies 
Surveys and findings. Over 25% of occurrences within 
material deficiencies are contamination 

Events leading to contamination 

- 
- 
- 

Historical operations leave residues that may surface as 
contamination 
Stored materials with loss of barriers 
Deactivation/shutdown .operations that disrupt immobilized 
plutonium 

Stack monitors: Radiological monitoring complying with the Clean 
Air Act 
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PLUTONIUM - SPECIFIC CONSEQUENCES 
EXPOSURE 

0 As Low As Reasonably Achievable, ALARA 

- 

- 
Process: Apply improvements to reduce dose to workers 
following a specified cost-benefit number 
Spend, up to 1,000 dollars, to reduce worker exposure by 1 

' 

rem per' year (RFP ALARA, 7/15/91 , ALARA Program 
Manual) 
However, this is not a DOE-wide policy. The RADCON 
Manual is the DOE document for ALARA 

- 



I 
28 

I 
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0 

PLUTONIUM - SPECIFIC CONSEQUENCES 
EXPOSURE 
(Co nt i n ued) 

Badge dosimeter 

- Ionizing radiation detector 
- Slow neutron detector 
-- 

Selective alpha air monitor 

Inability to measure alpha activity 

- 
- . Portable monitors to validate the safety of new operations 

Position air flow to draw activity to the detector 



cn 
LLI 
c) 
7 
W 
Y 
I .  

O J  
c ) L  a 

z 
0 
I- 
3 
I n 

113 c a 

1 1 1  

- a 
c CI 

E c 
0 
> c 
W '  

L .- 

0 0 



Inhalation Dose Factors and Air Emersion Dose Rate Factors for Plutonium and Other Isotopes* 

Radio- Half 
Nuclide Life 

(day 1 
U-233 5 . 81E+07 
Np-237 7.823+08 
Pu-236 1.04E+03 
Pu-237 4.533+01 
Pu-238 3.203+04 

Pu-240 2.393+06 
Pu-241 5.26E+03 
Pu-242 1.37E+08 
Am-241 1.58E+05 

Pu-239 8.81E+06 

Am-242m 5.55E+04 
Cm-242 1 . 63E+02 
Cm-243 1.04E+04 
Cm-244 6.61E+03 
Cm-245 3.10E+06 
Cm-246 1.733+06 
Cm-247 5.70E+09 
Cm-248 1.243+08 
Cf -248 3.33E+Ok?< 
Cf -249 1 . 28E+05 
Cf-250 4.783+03 
Cf-251 3.293+05 
Cf -252 9.6r?E+02 
Cf-253 1.78E+01 
Cf-254 6.05E+01 

Specific 
Activity 

(Ci/g) 

9 . 643-03 
7 . 04E-04 
5.32E+02 
1 . 22E+04 
1.7 1E+O1 
6.20E-02 
2 . 28E-01 
1.03E+02 
3.943-03 
3.43E+00 
9.72E+00 
3 . 31E+03 
5.16E+01 

1.72E-01 
3 . 07E-01 
9.273-05 
4,.24E~03 

' 1.583+03 
4 . 09E+00 
1 . 09E+02 
1 . 58E+OO 
2.90E+04 
8.493+03 

8*09E+01 

5 37E+02 

Inhalation Dose Factors 

........................ 
CEDE (2) CEDE 
(rem/ci) (rem/g) 

1 . 30E+O8 
4 . 90E+08 
1.60E+08 
1060E+03 
4 . 60E+08 
5.10E+08 
5 . 10E+08 
1 . 00E+07 
4 . 80E+08 
5.20E+08 
5 . 10E+08 
1.70E+07 
3 50E+08 
2.70E+08 

5.403+08 
4 . 90E+08 
4.30E+07 
5 . 50E+08 
2.20E+08 
5.60E+08 

3.00E+06 
2.80E+08 

,5.40E+Q8 

1 90E+09 

1 30E+08 

1.25E+06 
3.453+05 
8.51E+10 

7 . 88E+09 
3 . 16E+07 
1 . 16E+08 
1003E+09 

1.783+09 
4 . 96E+09 
5 . 62E+10 
2. I8E+10 
9.28E+07 
1.66E+08 
4.54E+04 
8 . 06E+06 
6.79E+10 
2 . 25E+09 
2 . 40E+10 
8.85E+08 
6.98E+10 
8.69E+10 
2.38E+12 

1 94E+07 

1 89E+06 

1 81E+10 

Air Emersion 
Dose Rate Factors 

EED( 3) 
(rem/sec per 

ci/m3) 

3 . 80E-05 
3 . 653-03 
1 . 893-05 
7.643-03 
1 . 40E-05 
1 . 30E-05 
1.373-05 
0 . 00E+00 
1 . 16E-05 
3 . 01E-03 
7.54E-05 
1.55E-05 
2 . 02E-02 
1 . 33E-05 
1 . 13E-02 
1.llE-05 
5.01E-02 
9 -763-06 
1.07E-05 
5 . 20E-02 
1.363-05 
1.873-02 
1.19E-05 
1 . 80E-07 
2.05E-09 

EED 
(rem/sec per 

g/m3 1 
3.673-07 
2 -573-06 
1 . 00E-02 
9.293+01 
2.40E-04 
8 . 07E-07 
3 . 12E-06 
O.OOE+OO 
4 -583-08 
1.03E-02 

5.14E-02 
1 . 04E+00 
1.07E-03 
1 . 943-03 
3.41E-06 
4.643-06 
4.14E-08 
1.683-02 
2.13E-01 
1.493-03 
2.953-02 
6.39E-03 
5.223-03 
1.74E-05 

- 7 0 333-04 

1. Specific Activity . *  

2. Committed Effective Dose Equivalent 
3. Effective External Dose Rate * Ref: DOE/EH-70 External Dose Rate Conversion Factors for Calculation of Dose to the Public 

DOE/EH-71 Internal Dose Conversion Factors for Calculation of Dose to the Public 
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CASE STUDIES IN PLUTONIUM STORAGE 

Safe and secure storage of weapons grade plutonium will be necessary until a 
final disposition option is implemented. 

awareness of potential hazards 

use n'sk-reducing practices 
vigilant attitude 

Valuable resources are available. 
0 extensive experience from storage of metal in pits 

other experience gained from storing plutonium as metal and oxide (case studies) 

e DOE assesment report on storage of metal and oxide (DOE/DP-O923T, January d 994) 



CONTRIBUTORS TO VULNERABILITY IN STORAGE 

Knowns 

A. Material Form and Properties 

8. Storage Configuration 

C. Operational Configuration 

Unknowns 

A. Inadequate Knowledge 
Material form and properties 
Storage and operational configurations - existence and accuracy of labeling and information - possible changes and the kinetics of those changes 

B. Possible-Consequences of Diagnostic and Remediative Actions (fire, criticality etc) 
Capabilities (to address unknowns and to remediate knowns) 

A. Technical 
Diagnosis and characterization 
Technology development and procedures 
Facilities and speciiic equipment 

6. Administrative 
Resources (fiscal and personnel) 
Permitting and compliance requirements 

' I  



RELEVANT CHEMICAL PROPERTIES 

Plutonium Metal (Pu): 
reacts slowly (not pyrophoric) with oxygen in air to form oxide 

reacts readily with hydrogen to form hydride 

hydride reacts rapidly with oxygen (hydrogen-catalyzed oxidation) 

oxidation of Pu accompanied by more than 100% increase in solid ttolume 

Plutonium Dioxide (Pu02): . 

molecules (e.g. water, otganic compounds) adsorb on surfaces of oxide particles 

0 surface molecules desoh when heated 

surface molecules radiolyze / react to form gases (0.g. hydrogen, methane) that do not adsorb 

desorption, radiolysis and reaction generate gas pressure 



HAZARD ASSESSMENT 

Primary storage hazard is the potential for dispersing *plutonium oxide particles. 

Metal: 

not a dispersible material form -- must first be converted to oxide 

oxidation (expansion) In storage container can cause rupture and release 

Oxide: . normally exists as a highly dispersible powder 

pressurization of storage container by gases can cause rupture and release 

Can such processes actually cause releases from storage containers? 
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Incident: Energetic release of materia1 on opening. 

-- 

lutonium Storage - Case Study #2 
January 1993 

: \  - inilial configuration - 1 - early processes - 

. bag 
pulled 

Polyethylene bagging, probably two layers 
Lead-Tied ouler can, tape sealed 
5 kg Pu metal 
Packaged in 1984 

Radlotytic deay of bagging creates hydrogen 
Hydrogen reacts with Pu to form PuH,, 
Bag embriiles 

Opened h hood (air) 
Pulling embrittled bag causes rnasiv 

breach 
I 

Hydride spontaneousty reads with oxygen 
Hood, operator contaminated 

No physical failure mechanism, intrinsic errors in packaging 
Direct cause: Exposure of pyrophoric hydride to air 
Underlying factors: Many. Use of organic material, 'first surface' of organic 
material, handling in oxidizing environment, short-term storage extended to 
long-term with no repackaging, inadequate documentation, others. 

I 
I 
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Incident: Unexpected ignition and complete oxidation of Pu metal component. - sample process history - - interim storage configuration - - as found condition - - 
\\ / 1 \ 

Hollow sphere of plutonium melal 
0il.lilled Par criticalii testing 
Oil remained in sphere for at 

Oil drained tmm sphere on completion 
least several days 

of lests 

4 
Sphere biseded, no cleaning aflempfed 
Hemisphere stomd on cork-ring stand in 

ambierrt air glovebox (thermal insulator) 
Hydrogen lrorn radiolytic decay reacts with Pu 
Pyrophoric hydride passivated by film of oil, 

immediale reaclion inhibited 
Left overnight in this configuration 

Oil thins or reacts lo a pint which no longer 

Pyrophoric hydride.burns rapidly in air 
Heat of readion raises entire ron7ponent 

Bulk metal ignites, burning to completion 
Heal release sufficient to breach glove, 

inhibits reaction 

temperature abwe 500 *C 

crack window 

No physical failure mechanism, intrinsic errors in handling 
Direct cause: Ignition of pyrophoric hydride and subsequent AT sufficient 

to ignite bulk sample 
Underlying factors: intimate contact between Pu and organic material for 

extended period of time, improper interim storage (air environment, thermally 
insulated), inadequate technical assessment, others. . 



Y 



CONCLUSIONS AND RECOMMENDATIONS 

( , , *  , \  

I $ '  .!. 

. 

- facility for extracting and processing 
(extraction wilt be needed because of problems, political decisions 

Potential dispersal hazards exist for both stored metal and oxide. 

Case-study evaluations suggest that the risk can be greatly reduced. 

I A .  

exclude all organic materials from the storage package 

These recommendations are consistent with the excellent experience of storing 

prepare and certify materials for storage 

require certified seals for containers 
provide - capability for surveillance, repackaging and emergency 

(problems will occur despite our best efforts) 
- - research and development 

(our current knowledge Is incomplete) 
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AIRBORNE RELEASE FRACTIONS 

QUALITATIVE OVERVIEW 

FRACTION’ OF SOURCE RELEASED TO ATMOSPHERE 
KEY FACTOR FOR ESTIMATING DOSE 
AVAILABLE FOR ATMOSPHERIC TRANSPORT TO TARGET 

COMPLEX PHENOMENA & PROCESSES 
, - CHEMIC-AL I ,  

PHYSICAL 
AERODYNAMIC 
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RELEASE PHENOMENOLOGY 

COMPLEX & COMPETING PROCESSES 

PARTICLE SIZE DISTRIBUTIONS 
DISPERSIBLE FRACTI'ON 
RESPIRABLE FRACTION 

CHEMICAL & PHYSICAL FORMS 

ENERGY SOURCES (FIRES, ETC) 
AFFECT BOTH PARTICLES AND THEIR MOVEMENT 

INITIAL MATERIAL CHARACTERISTICS 
METAL, OXIDE, SOLUTION 
DO NOT REMAIN CONSTANT DURING THE RELEASE 



AEROSOL TRANSPORT WITHIN FACILITY 

PARTICLE SIZE DISTRIBUTION 
EACH BIN (SIZE RANGE) CAN BEHAVE - DIFFERENTLY 

COMPETING PROCESSES DURING TRANSPORT 
ADDITION AND REMOVAL MECHANISMS FOR EACH BIN 

DEPENDENT ON TRANSPORT CONDITIONS 
FLOW VELOCITY 
PLATEOUT SURFACES 
HUMIDITY, STATIC, ET@ 

MULTIPATH TRANSPORT 

INTERACTION WITH OTHER AEROSOLS 



AEROSOL PROCESSES 

AGGLOMERATION 
- 8  

CONDENSATION ' -  

DIFFUSION 

SEDlMEN,TATlON .a SETTLING 

RESUSPENSION 

COMBUSTION & OXIDATION 

ADHESION ON SURFACES - PLATEOUT 
SURFACE CHARACTERISTICS, STATIC 

IMPACTION 
UNDER HIGH VELOCITY FLOW CONDITIONS 



AEROSOL PROPERTIES 

AFFECT AERODYNAMIC BEHAVIOR 
IN FLOW STREAM, SETTLING 

NOT JUST HIGH DENSITY PLUTONIUM OXIDE PARTICLES 
ADHESION, AGGLOMERATION WITH OTHER AEROSOLS 

WATER, SMOKE 

COMPLEX SHAPES 
ESPECIALLY SMOKE PARTICLES (CARBON CHAINS) 
LARGE, BUT LOW QENSITY 
BUT NEED SMALL PARTICLES FOR DEEP LUNG DEPOSITION 

FINAL CHEMICAL FORM AFFECTS UPTAKE BY TARGET 
SOLUABLE/INSOLUABLE 



, 
I 

RELEASE FRACTION SUMMARY 

FOR MOST ACCIDENTS 
COMPLEX PHENOMENA 
COMPETING PROCESSES 

MANY REMOVAL MECHANISMS 

HIGH LEVEL, QUALITATIVE OVERVIEW 
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MAR = Material-at-Risk, inventory in a physically definable, separate location/space, curies. .. 

DR = Damage Ratio, that fraction of the MAR that is impacted by the event. 

ARF = Airborne Release Fraction,-the fraction of the [MAR] [DR] that is made airborne 
a t  point of origin . 

RF = Respirable Fraction, the fraction of the ARF that is respirable. For particles (solid 
and liquid), particles that are 1 0 micrometers Aerodynamic Equivalent Diameter (AED) 
and less. AED is the sphere of density 1 g/cm3 that has the same terminal velocity 
(aerodynamic behavior) as the particle. All materials in the gaseous state (non- 
condensible gases or vapors) are transportable and respirable and, for the purposes of 
analysis, the RF is 1 .O. 

LPF = Leak Path Factor, the fraction of the.[ARF] transported to the containment- 
/confinement - ambient atmosphere interface. For particles in the respirable size range, 
assuming an infinite duration, essentially all the particles will be released depending on 
the physical configuration of the containment.conf inement. For directional air exhaust 
systems, airborne materials are assumed to be attenuated if a collection device 

specifically design for the material (e.g. HEPA filter, impregnated-charcoal or 
silver substitued-zeolite, cryogenic removal) are in the flow path. 



* 

* 

radionuclides separated from ambient atmosphere by barriers = 

facility structure, gaseous effluent treatment system, enclosures, 
equipment, containers, etc. 

source term generated by interaction between two complex 
physicochemical processes - event initiator & material response. 

characteristics of physicochemical processes determine material 
generation - c ~ n d i t i ~ ~  that result in penetratiodbreach of barriers 
and fragmentation/deagglomeration and suspension of material-of- 
concern. 



PHYSICAL FORMS 

* NON-CONDENSIBLE GASES - ASSUME LOSS 
OF CONTAINMENT OR GENERATION. 
RELEASES ALL MATERIALS IN GASEOUS 
STATE. NOT ALWAYS EASY. 

* 

0 

* 

VOLATILE - PHYSICOCHEMICAL 
ENVIRONMENT FOR GENERATION VAPOR. 

LIQUIDS - AQUEOUS OR ORGANIC 
(COMBUSTIBLE); SOLUTIONS, SLURRIES, 
VISCOUS. 

SOLIDS - METAL, BRITTLE, POWDER. 

CONTAMINATED MATERIALS - 
COMBUSTIBLE OR NON-COMBUSTIBLE SOLID 
SUBSTRATE, LIQUIDS, COLLECTION 
DEVICES, STRUCTURAL SURFACES. 



* 

* 
* 

* 

* 

INITIATOR ,EVENTS/STRESSES 

EARI.HQUAKE/VIBRATlQN 

TORNADO/EXTERIOR PRESSURE 

EXPLOSIONS - 
- DETONATION & PHYSICAL 

- DEFLAGRATION & PHYSICAL 
ANALOGUElSHOCK & BLAST 

ANALOGUE/BLAST EFFECTS 

EFFECTS 

FIRE/HEAT AND GASEOUS PRODUCTS 
(PRESSURE) 

AERODYNAMIC ENTRAINMENT, 
RESUSPENSION - 

HOMOGENEOUS (THICK BED > 2 
PARTICLE DIAMETER DEEP) 
HETEROGENEOUS (SPARSE BED, 
CONTAMINATION) 

*. OTHERS/FREE-F.ALL SPILLS 



LIQUIDS 

Aqueous Solutions 

SUMMARY TABLE 
AIRBORNE RELEASE FRACTIONS (ARF's) AND 

RESPIRABLE FRACTIONS (RF's) 
FOR ACCIDENT ANALYSIS 

*- - evapration/simmering - boiling * 
- ShWkEffEt - BlastEffEt . .  * Venting of h.ess&ed LIQJJJ& - Failure Below Liquid Level 

(a) liquid below boiling point 

(c) > 100" C superheat 

of water 
@) 50" to loo" c superheat 

"Best Estimate" 
A R F f W  RF 

6E-7; 1.0 
1E-3; 1.0 

2E-2; 0.7 

- Failure Above Liquid Level 
(a) Dissolved gases in 

equilibrium with gases in free volume - Pressure 0.345 MPa,.or less - Pressure 0.345 <Pa, to 3.5 Mpa, 
density 1.0 g/cm3 
density 1.3 g/cm3 

@) Liquids greater thb 50" C superheat 

(a) Greater than Critical Freeboard Height 
(b) Less than Critical Freeboard Height 

(a) fall distance <3m 
@) fall distance >3m - Slurries, <3m fall distance, 
<50% solids - Viscous liquids, > 8 cp, <3m 

- Rapid pressurizationdepressurization 

. .  * F-F iauih 
- Solutions 

4E-5; 0.7 - 
2E-5; 0.7 
6E-6; 0.8 

"Bounding" 
ARF/ARR; RF 

3E-5, 1.0 
2E-3; 1.0 

g inert: g TNT Eq 
4E-3/hr X t; 1.0 

1E-4; 1.0 

1E-1; 0.7 
0.33 ( M F J o s g 1  

5E-5; 0.8 

2E-3; 0.3 
1E-3; 0.4 
(see above) 

(negligible) 

2E-4; 0.7 
(see text) 

5E-5; 0.8 
3E-5; 0.7 



A e d  - Indoors, hard unyielding surface, 

- Indoors, cover debris or 

- Outdoors, large pool, 

nominal air velocities - 
static conditions - 
windspeed <30 mph - 
windspeed <50mph - 
surface, windspeed <50 mph - 

- outdoors, soil, 
- Outdoors, hard unyielding 

O&c, Combustible Liquids 

* - Volatiles, under al l  conditions - Non-volatiles 

burning 

- 
#6E-3; 1.0 

- 
1E-2; 1.0 

(a) Small pool fire, quiescent 

(b) Large pool, vigorous burning 

(d) Outdoors, aq. soh or a.d. salts under burning fuel, 

(e) Outdoors, aq. soh. or a.d. salts under burning fuel, 

(c) Burned to dryness 

non-heat conducting surface - 
heat conducting surface - 

4E-7/hr; 1.0 

4E-8/hr; 1.0 

4E-6/ht, 1.0 

4E-5/k, 1.0 

4E-3/hr; 1.0 

lE+O; NA 

1E-2; 1.0 

3E-2; 1.0 
1E-1; l;O 

BE-3; 0.4 

#2E-1, 0.3 

[See response aqueous solutions above for comparable stresses for remaining phenomenon.] 

SOLIDS 

MetaI that can self sustain oxidation at elevated temperature 

*- - Plutonium 
(a) corrosion, room temperature 

unalloyed Pu, dry air 
unalloyed Pu, 100% RH 
delta-phase Pu, dry air 
delta-phase Pu, 100% RH 

2 x lod micrograms Pu/cm2-hr 
7 x lo3 micrograms Pu/cm2-hr 
7 x lP microgpams WCm2-hr 
6 X 104 micrograms Pu/cm2-hr 

(b) oxidation at elevated 3E-5 X fract. oxid.; 1.0 
. , temperature 
(c) self sustained oxidation 1E-5; 0.5 5E-4; 0.5 

(e) explosive airborne reaction molten metal, rapid 

(d) falling molten drops/ 4E-3; 1.0 1E-2; 1.0 
disturbed surface 



lE+O; 0.5 vapor formation - Uranium 
(a) complete oxid. metal, 0 to 20 cm/s gas flow, >5W *C 

(b) falling molten dropddistwbed surface 

(c) explosive dispersal of molten metal 

"median" 
"bound" 

"median" 
"bound" 

"bound" 

1E-4; 1.0 - 95% "Y"'class + 5% "D" class 
1E-3; 1.0-95% "Y" class + 5% "D" class 

2E-3; 1:0 - 50% "Y" class + 50% "D" class 
6E-3; 1.0 - 50% "Y" class + 50% "D" class 

lE+O; 1.0 - 50% "Y" Class + 50% "D" class 
* bv Exulos ions ' 1 ,  . 

* .  - 
- ShmkEffEts - g i n = t & m E q  - BlastEffEts 
.' 

(no significant effect postulated) 

(see Venting Pressurized Powders for fraction of loose corrosion products present 

(see Thermal Stress, falling molten drops for Pu and U metal, above) 

(see Aerodynamic Entrainment of Powders for fraction of loose corrosion that 

* m p  of Pressurized Cases Over M a 
that can be made airborne) 

* AerodwicEnW 'nment/Resmnsion 

can be airborne.) 

Powders I 
I 

* _Thermal, oxidation & suspension by - Non-Reactive Compounds - Reactive Compounds 
- PUF, * osive Releases 
- ShmkEffEt - BlastEffEts 

6E-3; 0.01 
1E-2; 0.001 
1E-3; 0.001 

0.8 g inert/g TNT Eq, RF 0.25 

paxallel to surface - 
deflagration above, limited - 
volume reactants, "unconfined" vapor cloud 
deflagration above, large - 
volume reactants, "confined" vapor cloud 
strong flow directly impacts material, severe turbulence * Powdetg 

(a) pressure 0.17 MP% 
and less 

(b) pressure >0.18 MPa, but 
3.5 MP% or less 

(a) slug flow of powder 
fall distance <3m 
fall distance >3m 

- 

I 

5E-2; 0.4 

4E-4; 0.5 - 

5E-3; 0.3 
1E-1; 0.7 

1E+O; - 

5E-3; 0.3 

1E-1; 0.5 

3E-3; 0.6 
(see text) 



(b) dispersed powder flow 0.0134 U + 0.00543; RF 1.0 
into flowing air (U = local windspeed in m/s) 

of powder held in a can 

debris 

(c) suspension powder by impact 

(d) turbulence generated by falling 4E-4; 0.2 1E-2, 0.2 

1E-3; RF'O.1 

(e) mechanical shock-vibration - 1E-3; 0.1 

(a) thin layer powder - *4E-5/hr, 1.0 

indoors static volume - #4E-6/hr; 1.0 

freshly deposited powder - #~E-~/P~ss;  1.0 

* A  ~ ! & -  

@) thin layer powder, buried under debris or 

(c) vehicular traff'ic, through or by 

SURFACE CONTAMINATION (sparse contamination, <2 Dp thick bed over <25% 

Solid, Combustible Substrate 

S d U ? )  

Thermal Stress 
- Containedmixedwaste 8E-5; 1.0 5E-4; 1.0 - Uncontained 

(a) mixed waste - 1E-2; 1.0 
@) cellulosics 5E-4; 1.0 1E-2; 1.0 
(c) polychloropene (elastomer, rubber) 4E-3; 0.2 4E-2; 0.2 

(lucite, benelex) 3E-2; 1.0 5E-2; 1.0 

M resin) 2E-3; 0.9 1E-2; 0.9 

(d) polymethymethacrylate 

(e) polystyrene (polyethylene, 

Exdosive Rel- - ShockEffet (no significant release postulated) 
- BlastEffKt - 1E-3; 0.2 

Free- Fall Sdl l  - 1E-3; 0.2 

A ~ ~ V n a m i C  EntrainmenVResuSgensiQn 
(no data) Ventin9 of Pressurized Gas 0 ver Con- . .  Mechanical Shock 

- nominal flow conditions, <5 m/s - 4E-5/hr, 1.0 

static conditions - 4E-6/hr; 1.0 
- buried under debris, indoors 

Solid, Non-Combustible Substrate (hard, unyielding surface) 

"Thermal.stress (effect loose corrosion products on exposed surf'aces) 



* -she Rei- - ShWkEffect 
- BlastEffect, - 

loose contamination on exposed surfaces 
P Of Pressurized Gases Over Materid 

(loose contamination on exposed surfaces) 

(loose contamination on exposed surfaces) 
* A e d  w c  Entrainment/ResusDension - nominalflowconditions : 

- buried under debris, indoor 
static c'onditions 

* - 

HEPA Filters 

*- 
@assage of hot gases) 

* EZrplosive Release - ShWkEffect - BlastEffect 
* Free-FallSu ill/Crush-Imuact 

a. uncontained (direct impact by 
b. contained (not directly impacted 

g inedg TNT Eq 
(use powder values) 

(use powder values) 

2E-11 [rhoJfg]m] 
1E-3; 0.2 

4E-Yhr; 1.0 
4E-6/hr; 1.0 

1E-4; 1.0 

2E-6; 1.0 
9E-3; 1.0 

1E-2; 1.0 
5E-4; 1.0 



4 f 0 

cw 
0 
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IGNITION TEMPERATURE, 0C 
N 0 
0 0 
0 0 
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STANDARDS, WHAT ARE THEY? 
Standards - expressed expectations for performance of 

0 Health/safety activities 
0 Safeguard/security activities 
0 Environmental protection activities 

Use of applicable standards 
0 Reduces uncertainty 
0 Controls hazards 
0 Increases predictability - Work plans 

- Schedule estimates 
- Safety precautions 
- Other control activities 

Types of Standards 
0 Technical 
0 Management 
0 Performance 



Technical standards 
0 
0 Include highly prescriptive regulations 

. 0 Establish measurable .compliance criteria 
0 Examples 

Expectations that relate to the performance of physical systems 

- Material properties - Testing methods 

Management standards 
0 Expectations that define administrative controls necessary for efficient, 

safe, reliable, and cost-effective operation 
0 Include systems to assess effectiveness of organization 
0 Provide corrective actions 
0 Examples - Qccurrence reporting systems - Self assessment - QQCUBIIWI~ control 

Performance standards 
0 
0 Examples 

Expectations that relate to performance of individuals 

- Conduct of operations/maintenance - Safeguardslsecurity - Quality assurance 



e 

e 

0 

e 

LEVEL 1 DOE ORDERS 

Protect healthbafety 

- Worker 
- Public 

Protect environment 

Provide specific requirements 

Invoke other laws/standards 

Consensus standards such as 
American National Standards Institute 
National Electric Code 
National Fire Protection 
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SUMMARY * 

Many federal laws and DOE orders affect activities at plutonium facilities. 
The orders highlighted (not inclusive) were categorized as: 

0 Administrative/facilities 

0 Environmental compliance 

0 Safeguards and security 

0 Emergency preparedness 

e I Waste management 

An awareness of the requirements in these orders will help in the 
assessment process 
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1 

MODULE PURPOSE 

To provide attendees with an overview of current issues that may pertain 
to plutonium storage .facilities that were identified through the SAR review 
process 

To provide attendees with an awareness of the general nature of these 
issues and steps being taken for resolution 

To provide, via examples, how these issues were identified through the 
DOE safety assurance process 



e 

e 

e 

2 

SAFETY ANALYSIS 

Assessment of facility hazards, including identification of dominant 
accident scenarios 

Demonstration of adequate level of safety for workers, public, 
environment 

Analysis of potential upset conditions and corrective or compensatory 
measures taken 



3 

WHAT CAN 
HAPPEN? 

HOW LIKELY WHAT IS THE 
I S-OT? DAMAGE? -. 

QUALITATIVE 

SCENARIO 
D EFlNlTlO N 

' 

THE THREE BASIC RISK ASSESSMENT 
QUESTIONS 

SCENARIO 
QUANTIFICATION 

ANALYSIS 
METHOD 

SYSTEMATIC 
LISTS 

QUANTITATIVE 

JUDGMENTAL 
ESTIMATES OF . 
THE FREQUENCY 
RANGE 

SCENARIO 

COMPREHENSIVE 
LOGIC MODELS 

FREQUENCY AND 

LEVEL 
CONFIDENCE 

I CALCULATED 

A 
CONSEQUENCE 
ASSESSMENT 

JUDGMENTAL 
ESTIMATES OF 
THE DAMAGE 
LEVEL 

DAMAGE 
MAGNITUDE AND 
CONFIDENCE 
LEVEL 
CALCULATED 

~ 

FORM OF 
RESULTS . 

RANKED 
SCENARIO LISTS 

RISK CURVES 
WITH RANKED 
CONTRIBUTORS 
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SAFETY ENVELOPE 

Safety envelope defines the condition under which the facility can be 
operated safely 

0 Design basis 
0 Safety analyses 

Technical safety requirements (TSRs) define and document these 
conditions 

0 Safety limits 
0 Operating limits (LCO) 
0 Surveillance requirements 
0 Administrative controls 

Safety management 
0 Conduct of operations 
0 Management structure 
0 Radiation protection 
0 Emergency preparedness 
o Document control 
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DOE MECHANISM OF SAFETY ASSURANCE 
Performance of the following linked activities 

(1) Hazard identification 
(2) Hazard evaluation 
(3) Quantitative accident analyses 
(4) Reviews of safety analysis reports (SARs) 

Activities define facility control in 
(1) Safety structures, system and components 
(2) Technical safety requirements 
(3) Programmatic commitments, e.g., QA program 

Activities performed in accordance with 
(1) DOE Order 5480.23 - Nuclear Safety Analyses Reports 
(2) DOE-STD-1027-92 - Hazard categorization and accident 

analyses technique or compliance with DOE Order 5480.23, 
Nuclear Safety Analysis Report 

(3) Select industrial references, e.g., AICLE - Guidelines for Chemical 
Process Quantitative Risk Analyses 
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SAFETY ANALYSIS REPORT (SAR) REVIEW GUIDANCE 
e 

e 

Source - document #NS-20.1, 4 October 1991 

Guidance element categories 

- 
- 
- Verify SAR hazard classification 

Verify conformance with appropriate DOE Orders 
Assess adequacy of SAR content 

Determine acceptability of OSRs and LCOs 
Determine appropriateness of modeling assumption 
Review process/waste management plan 
Review f ire/material hazard analyses 
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ACCEPTABILITY OF OSRs/LCOs 
- BASIC CONSIDERATIONS - 

0 Design features for facility/process systems/safety systems 

0 Compatibility of process variable with design 

0 Minimum set of functional variables required to control normal and 
upset conditions 

0 

0 

Process variables that could initiate DBA conditions 

Operational readiness/availability/reliability of confinement barriers 
that ,prevent uncontrolled release 

. -  , - .  
i r '  

0 Support system dependencies that could affect front-line system 
performance 



I 

I 
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0 

0 

ACCEPTABILITY OF OSRS AND LCOS 

Are 

I 

- BASIC CONSIDERATIONS - 

they properly developed from safety analysis results? 

Consider design features of faciIity/process/safety 
systems 

What is the basis of OSR? 

- Determine correctness - - Compatibility of process variables with process design 
Verify if objectives are met 
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DETERMINING ACCEPTABILITY OF OSRs AND LCOs 

(Continued) 
- BASIC CONSIDERATIONS - 

0 

0 

6 

What is the minimum set of functional variables required? 

- Normal - Abnormal - Accident 

What are the contingency plans for cases where limits not met? 

What process variables could: 

- Initiate DBAS conditions - CkaIIPenge system integrity - Degrade liability of passive safety supplies (barriers) 



10 

DETERMINING ACCEPTABILITY OF OSRs AND LCOs - SUPPLEMENTARY CONSIDERATIONS - 
0 

0 

0 

0 

Are process flow diagrams consistent and with OSR/LCO 
requirements? 

Are support system adequately addressed? 

Does building configurations reflect current seismic calculations? 

Do proposed effluents comply with guidelines? 



SAR- REVIEW/WALKDOWN PROCESS 
- LESSONS LEARNED - 

0 Perceived efficiency of aged HEPA fillers under accident conditions 

- 
Visual fissile material accumulation in glovebox exhaust 

Studies underway to enhance database 

0 

- Condition monitoring program development 

0 Vulnerabilities to single failures of components . 

- 
- Pneff ective CA§ r n o p o i ~ ~ r i p p g / § M a ~ ~ ~ a ~ ~ ~  procedures 

Lack of redundancy of tank isolation systems 



12 

SUMMARY 
. 

The vulnerability assessment process should utilize information and 
knowledge gained from past studies in evaluating safety assurance. The 
SAR review process as delineated by NS was instrumental in -- these fact 
finding endeavors. 



, 



I 



Security Requirements for Category I Quantities of SNM 1. 

2. 

3. 

SNM shall be handled only in a material access area or in a controlled 
and alarmed process enclosed within a protected area. 

SNM shall be stored only in SNM vaults or vault-type rooms protected 
with DDE-approved intrusion alarm systems. 

SNM shall be used or handlcd under material surveillance procedures. 

4. , A sufficicnt number of security inspectors shall respond to a verificd 
intrusion alarm to contain and/or neutralize the adversaries within the 
specified time dclays. 

5. SNM shall be controlled to prevent theft or diversion by a single 
authorized individual. 

6. Any individual who could steal sabotage, divert or conceal Category I 
quantity of SNM shall have a “Q“ access authorization. 



I 



1. SNM shall be handled in a protected area or other security area with 
a. clearly defined perimeter barriers 
b. 
c. 
d. visitors log 
e. 
f. 

personnel and vehicle access controlled by a security personnel 
personnel identification per DOE 5632.9 

signs prohibiting trespassing posted at the perimeter 
signs prohibiting the introduction of prohibited articles and 
authorizing inspectionsharches of vehicles, packages, or persons 
enteriiik or exiting. 

2. SNM can be left unattended in a locked DOE approved security 
container or within a locked room with DOE approved intrusion 
detection system, or patrolled at least every 2 hours. Or if the container 
is located in a protected area. 

3. SNM can handled by properly cleared employees or escorted visitors. 

4. Protective forces shall respond to a verified security alarm per the site 
safeguards and security plan or MSSA. 





Miscellaneous Sccurity Requirements 1. Access controls, intrusion detection shall be in accordance with 
paragraph 12 

intrusion detection and assessment systems shall be in accordance with 
paragraph 12.b 

2. 

3. Communications equipment shall be in accordance with paragraph 12.c 

, 



verified intrusion alarms to contain and/or neutralize the adversaries 
within the specified time delays. 

livities under all 
is shall respond to a 

cuiraiue the adversaries 

2. All vital equipment shall be contained within a defined vital area within 
a protected area. 

.. 
3. Access controls, intrusion detection shall be in accordance with 

paragraph 12 of 563224 



' .  . . 

General Security Requirements 

PURPOSE to "prescribe the DOE policyfor the 
prote_ction of special nuclear material (SNM) and vital 
equipment, including nuclear reactors, and to establish 
basclinc rcquircmcnts and standards for those security 
interests". 

1. 

2. 

3. 

4. 

5. 

6. 

7. 

8. 

SNM facility approval shall be obtained before any SNM caqbe received, 
used, processed, or stored at a facility. 

The security provided shall be amistent with the guidance issued by the 
Assistant Secretary for DP. 

Physical protection systems within each categoly of SNM shall be 
cstablished with considcrations of ease of accessibility and conccalmcnt, 
portability, radioactivity, or othcr controlling factors. 

Sccurily of SNM and vital cquipmcqt shall be against: 
a. 

b. 

c. 
'd. 

theft or unauthorized rcmoval of SNM from a material access or 
protectcd area, or from a shipment 
diversion, unaulhorizcd placcmcnt of SNM whithia a malcrial 

radiological sabotage of SNM or vital equipment 
industrial sabotage of SNM or vital equipment 

' access or protected area 

An interface betwecn physical security and nuclear matcrial control needs 
to be satisfied pcr DOE 5633.3. 

The protection afforded SNM shall be graded according to the ,NM 
safeguards category per DOE 5633.3A. 

Vitiil equipmcnt shall be idcntified by the field element. 

Nuclear rcactors and fuel shall be protected from thcft, diversion, ' 

sabotaec consistent with thc SNM's caterrow. 



- 
Gcncral Sccurity Requirements 9. 

10. 

11. 

12. 

13. 

14. 

15. 

16. 

17. 

Protection strategies shall be documented in an applicable plan. 

The potential for the theft of Category I1 quantities of SNM from more 
than one location that could result in a Category I quantity shall be 
analyzed. The number of actions and time required for these actions shall 
be dctetmined. 

Sufficient protective force personnel shall be available to man access 
control points and alarm stations and to perform required sccurity 
functions per DOE 5632.7. . 
Security related equipment shall be protected from unauthorized access. 

Emergency backup powcr shall be provided for security systenls protecting 
Catcgory I and I1 SNM and vital equipment. 

All SNM shall be protected per it Category classification. 
Controls shall be established to deter unauthorizcd access to sccurity arcas 
or removal of SNM or vital cquipment. 

Access shall be limited to personnel with appropriate authority and who 
require access. 

Any attempts, suspeoted attempts. or actual removal or sabotage of SNM 
or vital eqiipmcni shall be repbried per DOE 5631.5. 

i 
_.I_ _-- _-- - I- ---- 

--_1- 



. 1. ...;.. . ; 

Gencral Guidance PURPOSE: "prescribe the DOE minimum requirements and procedures for 
control and accountability of nuclear materials at DOE-owned and leased 
facilities and DOE-owned nuclear materials at other facilities which are exempt 
from licensing by the NRC". 

EXCLUSIONS Nuclear materials at DOD or foreign facililies. 

KEY DEFINITIONS 
MC&& Matcrial control and accountabilily 
RIS: Rcpotting Identification Symbol 
VA: Vulncrability Assessment 
S N M  . Special Nuclear Materials 
NM: Nuclcar Materials . 
MDA: Material UUstlance Area 





. .  

MC&A Program 2. Administrative assurances for MC&A plans shall include: 
Procedures reviews andapprovals 
Limiting access to nuclear materials accounting system and data 
Identification of data entry problems and any responsible 
person(s) 
Determination of nuclear materials accounting system 
complctcncss 
Review and asscssment of MC&A system integrity and quality 
Revicws of new and changed facilities or operations prior to 
start-up 
Audits of facility MC&A by an organization independent of the 
MC&A. 
Responsibilities for MC&A functions shall be documented. A 3 
letter KIS shall be assigned to each facility. 
A documented performance testing program per DOE 5630.16 
One facility management official shall be designated as being 
responsible for the MC&A. 

3. 

4. 

The SNM Category level shall be determined for each location :ier DOE 
5633.3A. 

Ncw and renovated facilitics shall'incorporate state-of-the-art h.: C&A 
Icchnologies, systems and approaches. 



. .. . .  
Req ui reinen ts Sum mar$ 

5. SNM can be removed from the inventory and MC&A booksper DOE 
5633.3~4. It shall be removed to a storage or disposal area containing 
only discardable material. 

6. 

7. 

8. 

9. 

MC&A shall be maintained during a decommissioning, closure, or 
deactivation and can be terminated only when remaining material has an 
attractivencss of E and all of the other material has becn written off the 
MC&A books. 

Each facility shall report occurrences as Emergency, Unusual 
Occurrence, or Off-Normal Occurrence per DOE 5000.3B. 

'Ibc MC&A plan rcquircments for the Category 111 and IV facilities will 
bc determined by the M;magcr, Ficld Office. 

1:acility emcrgcncy plans shall consider the loss of control of SNM per 
DOE 5500.1B. 

10. Appropriate ATSM and ANSI standards shall be uscd for NM control, 
rneasuremcnt and measurement control, accounting, and statistical 
mcthods, except whcn directed by DOE. IAEA and NRC standards 
shall be uscd whcn appropriate. 



Materials Management Plan 

This order covers the preparation of the Materials 
Management Plan (MMP), a planning document prepared 
annually providing analyses of available nuclear materials 
and those required over the ensuing multi-year planning 
period. The preparation of the MMP is the responsibility 
of the DOE wit& input from the contractors. 

Key Definitions: 

Scrap NM is unirradiated but is not usable in its existing form, i.e. it 
requires chemical treatment to render it useful. 
Unusable Excess NM is not suitable for any programmatic use in its 
existing form. It usually covers spent fuel and scrap. 

Usable Excess NM is suitable for use in its present form. 

"E" Material is unusable'excess nuclear material for which DP-27 has the 
management responsibility. Usually sources: (1) economically 
recoverable unirradiated scrap or (2) spent fuel not scheduled for 
recovery. 

"M" Material, Usable excess NM in a form suitable for direct 
introduction into production .I processes for which DP-27 has managemenl 
responsibility. 

This order consists of 8 chapters dealing with: 

1. Forecasting Nuclear Material Requirements 
This Chapter describes thb procedures for preparing the future 
requirements for nuclear material, a Field Office respdnsibility. 

The field offices shall determine a Materials Management Plan 
covering 11 ensuing fiscal years. 

Guidelines for DOE requested studies. 

Determines how much NM is assigned to each b.. 
for either management purposes or projects. 

Determine the most cost-effective flow of material to maintain 
invcntorics appropriate with DOE programs. This is a Ficld . 
Office and IIQ responsibility. 

2. Materials Management Plan 

3. Studies and Plans 

4. Nuclear Materials Allotments - ..A office 

5. Optimization of Nuclear Material Inventories 
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The Materials Management Appraisals of the contractors by the Field Offices is 
to provide management with feedback concerning: 

The effectiveness of the Management Plan 

The quality of the performance 

The adequacy and effectiveness of established policies and procedures 
and actions - necessary to improve the program. 

An assurance that the contractors' staff understand the MMP and the 
appraisal 

A determination that the contra9ors are utilizing the NM optimally and 
within the MMP 

A determination of the effectiveness of the contractors program. 
- 

I 
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I General Guidelines 

PURPOSE To provide general design criteria 
(GDC) for use in the acquisition of the 
Department's facilities and to establish 
responsibilities and authorities for the 
development and maintenance of these 
criteria. I Applicability: 

All general requirements in Section 1300 apply to 
Plutonium Storage Facilities (PSFs) 

The PSFs section 6430.1A applies to PSFs that 
will contain a Category 1 quantity of Plutonium. 

I Exemptions: 

I Material in process or in use. 

Material packaged per DOE 5480.3 and is 
awaiting transportation or has been received and I is awaiting disposition. 

1. Packaging materials and packaged materials shall be kept to a minimum. 

2. 

3. 

4. 

5. 

6. 

No hazardous gases or liquids shall be used in PSFs. 

Only storage related materials and equipment shall be stored in the PSF. 

Combustible packaging materials shall be stored in metal containers away 
from the PSF where a fie would not endanger the PSD. 

Inadvertent entry to hazardous areas shall be contr&A with visual or 
auditory alarms, or other warning systems or interlocks. 

An automated vault suxveillance system shall be provided where excessive 
radiation exposure would result from entering for material control and 
accountability purposes. 



Nuclear Criticality Safety 1. 

2. 

3. 

4. 

Standard ANS 8.6 shall apply. 

Designs shall be consistent with NRC Reg. Guide 3.43. 

Favorable geometry is the preferred method for limiting criticality 
potential. 

Fixed neutron absorbers shall be considered. 
Rack design shall assure continued effectiveness. 
Prevention of removal by mechanical or chemical action. 

5. 

6. 

Storage racks shall continue to function following a DBE or any DBA, 

Liquid waste storage tanks and transfer lines shall have concentrations 
below critical limits. 

- -  



Special Storage Requirements 
~~ ~~ ~ 

1. Aqueous solutions of Pu can be stored if instrumentation is provided to 
detect precipitate solids buildup, if they are expected to occur, and if the 
solids can be removed. 

2. 

3. 

4. 

Storage racks shall be noncombustible 

Storage racks shall be designed to securely hold storage containers in 
place, ensure proper separation of containers, and maintain structural 
integrity under normal operations, anticipated operational occurrences, 
and DBA conditions. 

Storage racks shall be designed as safety class items. 

5. Bumpers shall provide rack protection from handling equipment. 

. .. . 
. .  . > .  .. 



General Confinement Considerations 1. 

2. 

3. 

4. 

5. 

6. 

7. 

8. 

9. 

10. 

11. 

The confmement guidelines of Section 1305-5.1 give general provisions. 
The actual confiiement design requirements is determined on a caseby- 
case basis. 

Shall suit the most restrictive hazards anticipated. 

Single barrier confmement may be suitable for material in a form that is 
not readily dispersible. 

Multiple barrier confinements are required if the form of the plutonium is 
readily dispersible. 

Qualified shipping packages may not be considered to be barriers. 

For the most restrictive cases, the use of 3 confmement systems shall be 
considered: 

Primary - Storage container or cladding 
Secondary - Individual compartments with ventilation 
Tertiary - Building structure with ventilation 

Operation of support and protection systems, such as fire protection shall 
not promote the failure of the principal confiement systems. 

Cooling systems shall be provided as needed. 

Exhaust ventilation systems shall be provided with HEPA filtration. 

Inlet ventilation systems shall be provided with either HEPA filtration or 
fail-safe backflow prevention. \ 

PSF systems, components, and structures shall be designed to provide 
confinement of radioactive materials under normal operations, anticipated 
operational occurrences, and the DBA conditions they are required to 
withstand. Releases to the environment shall be meet the guidelines of 
DOE 6430.1A. section 1300-1.4. 





!ikon* Confinement 1. 

2. 

3. 

4. 

5. 

6. 

7. 

8. 

9. 

Shall be consist of compartments within a building 

The level of compartmentalization needed to keep the quantity of stored 
materials within safe limits shall be determined by a safety analysis. 

Shall be designed to function during normal operations, anticipated 
operational occurrences, and all of it’s DBAs. 

Shall be designed as safety class and capable of performing its necessary 
functions following a DBE. 

Penetrations shall have positive s e a  to prevent kgration of 
contamination. 

Safety analysis shall be used to determine any special ventilation needs. 

Each compartment shall have ventilation from the building system and 
shall have a pressure negative with respect to the building. 

Exhaust ventilation shall be sufficient to ensure an adequate ventilation 
flow in the event of a credible breach in the compartment barrier. 

Access through compartment barriers shall be through the use of access 
ways such as airlocks and enclosed vestibules. 
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Facility Layout 1. The design shall accommodate all planned plutonium handling activities. 

2. 

3. 

4. 

5. 

6. 

Unpacking activities (from shipping containers) shall occur in unpackaging 
room(s). 

PSFs shall not be heated directly with natural gas, unless heating occurs in 
a separate, isolated building. 

Layout shall provide for efficient cleaning, maintenance, and inspection. 

Facility design shall facilitate identification, inventoxy, placement, and 
retrieval of storage containers. . 

Door locations shall be coordinated with aisles to facilitate access, loading 
and uatoading operations, for use of fire fighting equipment, and for 
compliance with NFPA 101. 

7. Layout shall accommodate taking of inventories including any 
measurements required for verification or confmation per DOE 5633.3. 



. .  
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3ffluent Control and Monitoring 1. 

2. 

3. 

4. 

5. 

6. 

7. 

8. 

Solid material contaminated with radioactive material shall be handled, 
stored, and packaged for transport in a safe manner including. 

Collection 
Packaging 
InventoIy 
Storage 
Assay equipment 
Appropriate facilities for volume reduction 
Monitoring 

Liquid industrial wastes, such as mop sink discharge, shall be collected 
and trausferred to a liquid waste treatment, or equivalent, facility. 

Liquid treatment shall be per DOE 5400 series. 

Decontamination wastes shall be collected and monitored near the source 
of generation before transfer to the liquid waste treatment facility or area. 

Liquid waste storage tanks lines shall have: 
S t h e n  or mixing devices 
Sampling devices 
Volume measuring devices 
Transfer systems 
Leak detection and containment . .  

Waste transfer lines shall have: 
Leak detection and containment 
Inspection/collection pits which are gravity fed 
Double walled or multi-pipe encasements per DOE 6430.14 
Section 1300-7.4 

Confinement ventilation systems shall be designed to remove particulate 
material, vapors, and gases as needed per DOE 6 4 3 0 . a  Section 1300- 
1.4.3. 

If an outlet may contain plutonium it shall be provided with two 
monitoring sysiems per DOE 6430.14 Section 1589-99.0.1.. 



PROCESS EVALUATION FOR NUCLEAR CRITICALITY SAFETY SHALL 
be performed for subcriticality under both normal and credible conditions 
prior to starting new or revised operation. 

determine and explicitly identify the controlled parameters and their 
associated limits. I 

be documented with sufficient detail, clarity, and lack of ambiguity to 
allow independent judgements of the results. 

be confirmed by independent assessment. 

1. 

2. 

3. 

4. 



1 Technical Practices 1. The mass and distribution of the nuclear and surrounding materials, that 
control the effective multiplication shall be managed to key the system 
subcritical. 

2. Double Contingency Principle: The system shall be designed so that at 
least two unlikely, independent and concurrent changes would occur that 
would allow the system to become critical. 

3. Equipment shall be designed for the control of dimensions, so that 
critical assemblies cannot be created. 

'4. Neutron absorbers can he used, but strict controi shall assure their 
continued presence and effectiveness. 

5. Subcritical limits shall be determined, preferably by experimental data. 
If experimental data does not exist, then validated calculations C ~ R  be 
used 
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Nuclear Criticality Safety Staff Responsibilities NUCLEAR CRITICALITY SAFETY !%4F€C 
1. staff shall provide technical guidance for designing equipment and 

processes and for developing operating procedures. 

shall maintain familiarity with current developments in criticality safety 
standards, guides, and codes. 

_ -  
2. 

3. should consult with knowledgeable individuals to obtain technical 
assistance as needed. 

4. shall maintain familiarity with all operations within the organization 
requiring criticality safety controls. 

5. shall assist supervision in training personnel. 

6. shall conduct or participate in audits of criticality safety practices and 
compliance with established procedures. 

7. shall examine reports of procedural violations and other deficiencies for 
possible improvement of practices and procedures; shall report their 
findings to management. 



Operating Procedures ESTABLISHED OPERATING PROCEDURES 
1. 

2. 

3. 

4. 

5. 

6. 

7. 

8. 

purpose is to facilitate safe and efficient conduct of the operation. 
Succinct procedures should be organized and presented for convenient 
use by operators. 

shall include those controls and limits significant to the nuclear criticality 
safety of the operation. 

shall be supplemented and revised as needed. 

shall be reviewed periodically by supervision. 

shall be reviewed by thc nuclear criticality staff, as appropriate, when 
new or revised procedures are effected. 

should be supplementcd by posted nuclear criticality safety limits 
incorporated in operating check lists or flow sheets. 

if deviations from operating procedures or alterations in conditions 
affect criticality safety then they shall be documented, promptly 
investigated, and reported to management; action shall be taken to 
prevent a recurrence. 

shall be reviewed frequently to ascertain that procedures are being 
followed and that process condilions have not been altered so as to 
affect the criticalitv safetv. 



PROCESS EVALUATION FOR NUCLEAR CRITICALITY SAFETY SHALL: 
be performed for subcriticality under both normal and credible conditions 
prior to starting new or revised operation. 

determine and explicitly identify the controlled parameters and their 
associated limits. 

be documented with sufficient detail, clarity, and lack of ambiguity to 
allow independent judgements of the results. 

be confimed by independent assessment. 

1. 

2. 

3. 

4. 



Materials Control 1. The movement of fissile materials shall be controlled. 

2. Appropriate labeling and area posting shall be maintained specifying 
material identification and all limits on parameters that are subject to 
procedural control. 

3. Neulron absorbing materials which help control criticality shall be 
maintained. 

4. Access to areas where fissile material is handled, processed, or stored 
shall be controlled. 

5. Spacing, mass, density, and geometry of fmile material shall be 
maintained to assure subcriticality under all normal and credible 
cnnditions; 
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DOE ORDERS FOR ENVIRONMENTAL CONTROL 

DOE Order 5400.1, "General Environmental Protection Program" -- establishes environmental protection 
program requirements, authorities, and responsibilities for DOE operations to ensure compliance with 
applicable environmental protection laws, regulations, orders, and policies. 

DOE Order 5400.5, "Radiation Protection of the Public and the Environment" -- establishes revised 
radiation protection standards for DOE environmental activities. 

DOE Order 5440.1 D, "National Environmental Policy Act Compliance Program" -- establishes hazardous 
waste management procedures for DOE operations that result in the generation, transportation, 
treatment, storage, or disposal of hazardous waste. 

DOE Order 5480.3, "Safety Requirements of the Packaging and Transportation of Hazardous Materials, 
Hazardous Substances, and Hazardous Wastes" -- establishes procedures for packaging and 
transporting hazardous constituents. 

DOE Order 5480.4, "Environmental Protection, Safety and Health Protection Standards" -- defines codes 
and standards to be applied to the design and construction of new facilities and major facility 
modifications. 

DOE Order 5820.2A, " Wadioac?ive Waste Management" -- establishes policies, guidelines and minimum 
requirements for management of radioactive and mixed waste and contaminated facilities. 
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DOE ORDERS - NUCLEAR SAFETY 

DOE Order 5480.5, "Safety of Nuclear Facilities: -- establishes nuclear facility safety program 
requirements. 

DOE Order 5480.19, "Conduct of Operations Requirements for DOE Faciilties" -- requires a graded 
approach to management, organization, and conduct of operations at DOE facilities to ensure an 
acceptable level of safety. 

DOE Order 5480.21, "Unreviewed Safety Questions," -- ensures that DOE has advance opportunity to 
review and approve activities that might result in an accident or malfunction. 

DOE Order 5480.22, "Technical Safety Requirements" -- ensures that DOE nuclear facilities operate 
within the assumptions contained in the accident analysis in their Safety Analysis Report (SAR). 

DOE Order 5480.23, "Nuclear Safety Analysis Reports" -- requires SARs to document that a facility can 
be operated with an acceptable degree of safety. 

DOE Order 5481.1 B, "Safety Analysis and Review System" -- establishes uniform requirements for the 
preparation and review of safety analyses of DOE operations. 
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DOE ORDERS - FACILITY MANAGEMENT 

0 DOE Order 4320.2, "Capital Asset Management Process" 

0 DOE Order 4330.4A, "Maintenance Management Plan" 

0 DOE Order 4700.1, "Project Management System" -- establishes a DOE project management system 

0 DOE Order 5480.19, "Conduct of Operations" -- formalizes the methodology for conducting operations at 
DOE nuclear facilities 

DOE Order 6430.1A, "General Design Criteria: -- requires facilities to be designed and constructed to be 
reasonable and adequate for their intended purpose and consistent with health, safety, security, and 
environmental protection requirements 

0 
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DOE ORDERS FOR OCCUPATIONAL SAFETY/HEALTH 

0 

a 

Priority 'from DOE Order 5483.1A 

Supporting orders in: 

Industrial safety 
Industrial hygiene 
Construction safety 
Occupational health 

DOE Order 5483.1A: Invoices requirements of the OSHA regulatiqns 
as codified in the 29 Code of Federal Regulations 



IAEA Safety Series 6 - Regulation for the Safe Transport 
of Radioadive Material 

IAEA Safety Series 9 - Basic Safety Standards for 
Radiation Protection 

IAEA Safety Series 14 - Basic Requirements for 
Personnel Monitoring 

IAEA Safety Series 18 - Environmental Monitoring in 
Emergency Situations 

IAEA Safety Series 30 - Manual on Safety Aspects of the 
Design and Equipment of Hot Laboratories 

IAEA Safety Series 38 - Radiation Protection Procedures 

IAEA Safety Series 39 - safe Handling of Plutonium 

IAEA INFCIRC/225/Rev 2 - The Physical Protection of 
Nuclear Material 

I' 

DOE Order 5480.3 - Safety Requirements for the Packaging and Transportation 
of Hazardous Materials, Hazardous Substances and Hazardous Wastes, 
DOE Order 1540.2 - Hazardous Material Packaging for Transport-Administrative 
Procedures, 
DOE Order 5480.24 - Nuclear Criticality Safety. 

DOE Order 5480.11 - Radiation Protection for Occupational Workers 
DOE N 5480.6 - Radiation Control Manual 

DOE Order 5480.4 - Environmental, Protection Safety and Health Protection 
Standards 
DOE Order 5480.8A Contractor Occupational Health Program 
DOE N 5480.5 Imposition of Proposed Nuclear Safety Requirements 
DOE N 5480.6 - Radiological Control 

40 CFR 61.93, ANS N 13.1, 
DOE Order 5480.11 - Radiation Protection for Occupational Worker 

DOE Order 6430.149 - General Design Criteria 

DOE N 5480.6 - Radiation Control Manual 

DOE Order 6430.1A - General Design Criteria; Chapter 13 - Plutonium Facilities 

DOE Order 5632.2A - Physical Protection of Special Nuclear Material and Vital 
Equipment 
DOE Order 5660.149 - Management of Nuclear Materials 



Compliance with project storage requirements of SNM is an 
essential part of criticality control measures. 

DOE Order 5480.24, "Nuclear Criticalitv Safetv," states that fissionable 
material shall be produced, processed, stored, transferred, disposed, or 
handled in such a manner that the probability of a criticality incident is 
acceptably low. The Order also provides requirements for a criticality 
safety program including the storage and transportation of fiiile 
materials. Additional information concerning control of nuclear 
materials can be found in DOE N 5480.6, "Radiation Control Manual;" 
DOE Order 5633.2, "Control and Accountability of Nuclear Materials, 
Remnsibilities. and Authorities;" DOE Order 5480.3, "Safety 
Requirements for the Packanina and Transportation of Hazardous 
Material. Hazardous Substances. and Hazardous Wastes," and DOE 
Order 1540.2, "Hazardous Material Packaainp for Transport- 
Administrative Procedures." 

The double-contingency principle is also envoked. This principle 
requires that two unlikely, independent and concurrent changes in 
process conditions must occur before a criticality accident is possible and 
that no sinde failure shall resuit in the Dotential for a criticalitv accident. 



PURPOSE This document establishes regulations for 
the safe transport of radioactive material. 

Material that is an integral part of the means of 
transport. 

Within establishments where the radioactive 
material is produced, used or stored (except 
where it is stored as part of the transport), 

Human beings with radioisotope powered 
medical devices or treated with 
radiopharmaceut icals. 

If a manufactured item contains radioactive 
material (clocks, smoke detectors, etc) it is 
exempted from packaging requirements if it 
meeis the requirements set forth in SS6. 

A q  amount of natural uranium or thorium or 
dep1t:ted uranium can be  used in a manufactured 
item if it is enclosed in a sheath made of metal 
or 0; her suitable material. 

(I 

COVERAGE 

Sets limits for the amount of each radioactive element that can be contained in a 
package €or transport. The limits are determined in part by the ease that the . 
material can be dispersed. Extra criteria are listed for fissile material. 

Sets limits for the amount of package surface contamination that is allowable. 

Sets definitions of the different packaging types (type A, B, etc) and the required 
design considerations. 

Sets requirements for defining the transport index. 

Sets general provisions for accidents involving radioactive material, quality 
assurance programs, compliance assurance, radiation protection, emergency 
responses and special arrangements. 

Sets requirements €or inspections of packages prior to shipment. 

Sets requirements for dealing with leaking packages. 

Sets requirements for marking and labeling. 

Sets requirements for transporters concerning short term storage, segregat ,on of 
packages, and any special considerations for rail, road, vessels, air and p o s ~  

Sets testing requirements for materials and packagings. 

Sets administrative requirements for shipping. 
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PURPOSE 

COVERAGE 

To establish safe plutonium handling 
techniques and facility design. This did 
not cover facilities handling fissionable 
quantities of material. 

The first two chapters of this document 
deal with chemical and biological aspects 
of plutonium. 

~ 

FACILITY DESIGN FEATURES: 

Stairs and doors should be kept to a minimum (to avoid spills) 

Partitions should be made of concrete, steel, or other non-flammable material that 
are moisture resistant and ease decontaminated. 

Partitions define ventilation areas, so good air seal is needed. 

Plumbing, electrical and air lines and connections should be considered as 
permanent structures. 

Only one entrance per controlled area. 

Emergency exits should be equipped with air locks. 

Working areas should be designated with a zone number, 1 to 4. The zones 
should be color coded as white for Zone 1, green for Zone 2, orange/amber for 
Zone 3, and red for Zone 4. 



FACILITY DESIGN FEATURES (continued) Zone 1 Only minimal or no radioactivity allowed This is for offjces, counting 
room, mechanical services room, blower room, dark room, etc. 

Slight positive pressure, a few mm of HzO -with respect to Zone 2 with an 
air-lock between Zones 1 and 2. 

Zone 2 This is the support area for specialized types of work involving plutonium 
containing glove boxes. 

Glove boxes should be 20-50 mm HzO negative pressure with respect to 
Zone 2. 

Free standing glove boxes shall use bagging for transfer of material in and 
out. 

pg quantities of Pu can be used in fume hoods with ventilation at least 
I 50m/min. 

Zone 3 This area is for transport of materials along with maintenance and 
modification of glove boxes. 

Work in Zone 3 requires protective clothing. 

Ventilation should be negative With respect to zone 2,S-lOmm H,O. 

Light fixtures should not be in d$ect contact with Zone 3 air. Service 
should be from Zone 2. 

An in-line dove box arrangement shall have Zone 3 c(" ;' -inent 



Zone 4 The glove boxes make up this area. 

Primary containment shall be vessels within the glove boxes. The glove 
boxes are secondary con&iment. 

Materials or equipment that could cause a fire, explosion, or corrosion 
should be minimal in mne 4. 

The operators shall have good visibility from zone 2 or 3 into zone 4. 

The floor of the glove box shall be as free as possible of equipment, so 
the floor can be inspected. 

Ventilation should be negative 15-40 mm H,O with respect to zones 2 and 
3. 
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Reference IAEA Safety Series 17 and 122. 

Zone 1 inlet air should be filtered. 

Discharge air shall be adequately fdtered. 

Fans should have adequate resenre capacity for adverse conditions. 

Properly filtered Ti can be recirculated. 

All penetrations (electrical, plumbing, etc) shall be adequately sealed. 

h w e r s  between mnes should be used to keep opening easily. 

Accidents, including major fires, shall be considered when designing the 
ventilation, to ensure continued operation of filters. 

Airborne dust should not be allowed to collect in ducts. 

Volume change rates: 

Zone 1 4 volume changes/hr 
Zone 2 6-8 volume changesbr 
Zone 3 8-15 volume changesbr 

Exhaust ducts shall be independent until the filter plenum. 

Filters shall conform to IAEA Technical Reports Series No. 122 





, 

HEALTH SURVEILLANCE: 

EMERGENCY RESPONSES: 

Internal and external radiation exposure from plutonium handling needs to be 
monitored. These are to be performed with standard dosimetry and bioassay 
techniques. 

Air monitoring is problematic in that the maximum permissible concentration is 
2Xl0"*CVm3 for readily transportable forms and 4x10Wiim3 for non-transportable 
forms. This is low for most monitoring systems and usually must be accumulated 
on filter paper for 4 days. 

Continuous air monitoring is needed in case of single large releases. 

For surface monitoring refer to IAEA Technical Reports Series No. 120. 

Indirect monitoring can be include dry smears, wet smears, large area swabs, 
adhesive tape samples, and autoradiography; the smears, swabs, etc being counted 
for activity. 

Direct monitoring includes alpha counting no more than 05 cm from the surface. 

Emergency plans should be prepared beforehand to cover any foreseeable 
conditions such as fires, (especially plutonium fires) spills, explosions, failure of a 
glove box, failure of ventilation, power failure to critical equipment. 
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Radionucl ide 

PU-238 

PU-239 

PU-240 

PU-241 

PU-242 

kr-241 

TABLE 4-4 

Nuclear P r o p c r t i c o  of Environmcntally S ign i f i can t  Trnnauranium Rndionuclidce 

Radio logicn l  
h a l f - l i f e  

4 (Y) 

87.4 
* 4  2 . 4 ~ 1 0  

6. 6x103 

14 .3  

3 . 9k10 5 

0.45 

10.1 

Hodc of 
Decny 

alphn 

a lpha  

a l p h  

beta 

a lpha  

a lpha  

a lpha  

a lpha  

alpha 

Energy of  
UaJ or Rad l a  t ions 

(HeV) 

5.50; 5.46 

5.16: '5.11 

5.17; 5.12 

0.021 (max) 

4.90; 4.86 

5.49: 5.44 

5.28; 5.23 

6.12: 6.07 

5.81; 5.77 

Dnuglitcr 
Radionuclide 

u-234 

U-235 

U-236 

Am-24 1 

U-238 

Np-237 

Np-239 

PU-238 



1 PLUTONIUM 
Chemical Properties 

Tr a n s ur a nic El em en t s 
A chemically reactive silvery white transuranic heavy metal (actinide 
series) mp=64O0C bp=3327"C 

Similar in appearance to stainless steel when freshly machined 

Will turn brown or black 
Valance states ('3 to +7) +4 most  stable in physiological conditions 
PuO (olive green powdery surface) most commonly shipped and 
stored in this form 

Generally forme hsoluble ox.ides, hydroxides, and fluorides 
Environmentably inert 
No signlflcsrnt concentration mechanism important to human 

Solulsllltjr lrrj H20 dependent on redox, pH, presence of organic 

Oxidized easily in moist air (PuO,) 

pathways 

ligande 
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RADIOLOGICAL TERMS AW'D DEFIINIITIONS 
a LET: Linear 

High LET: 

Low LET: 

Energy Transfer (keV/prn) 

- = High 

f3; B; x-rays tk gamma - :: Low 

RBE: Relative Biological Effectiveness 
W5Evs.LET 8 

RBE 3 
LET 

- - ..__ 
Biological significance of Bragg Peak 

.n . . I 



RADIOLOGICAL TERMS AND DEFINITIONS 
-I 

Energy Deposited: Dose: Energy/Mass (ergslgm) RAD 
(Physical and 

C hemh al) 

Magnltude of 
Molecular Damage 

I 
I 

Dose Equivalent = Dose X QF 
Quality Factor (QF) for Cy : 20 

n : 2-10 
B", B; x and )frays : 1 

QF also called "Radiation Weighting Factor" (Mfr) ICRP 

Unit: REM 
- 

Modifier' for' Tissue 
Speclflc Stocliastlc Rlsk 

I Effective Dose Equivalent 

Dose Equivalent X tissue weighting factor (Wt) 
Gonads 0.25 
Breast 0.15 
Red marrow 0.12 

Thyroid 0.03 
Bone surface 0.03 
Remainder 

Lungs 0.12 

0.03 (0.06 X 5) 



I MECHANISM OF RADIOBIOLOGICAL DAMAGE 
Direct Effect: Critical target damaged directly 
by ionizing radiation (most common with high 
LET radiation) 
Indirect Effect: Critical target damaged 
indirectly via free radical formation (most 
common with low LET radiation) 

- 0  Free radical: An atomic or molecular species 

Free radicals deposit their energy. rapidly 
with an urnpaired electron 

(<IOg6 sec) and locally (<40 pm) 



PLUTONIUM CONTAMIINATIQN 
Types of .Contamination Clinical Si z qtiifi c ante 

II 

Inhalation 
Contaminated 
lng es t ion 
Entact skin 

Most 
wounds 

Least i 



PLUTONIUM CONTAMIN~ION 
Biological Transport 

Rate of Plutonium Translocation is dependent upon: 
Deposition site 
Physical and chemical form 
Specific activity 

Biological Transport is dependent upon bonding to- 
biomolecules 

Pu cannot exist in free ionic form if pH>1 
Transferrin, citrates, amino acids, phospholipids 
Polymers (0.01=1 pm): Particulates formed by hydrolysis 

- + dep~s l t  cell swadaces (phagocytosis) 
- 9  Ultimate deposition site via blood to 

Bone (45%) 
Liver (45%) 
Other tissues (10%) 

’ .  ” 
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Systemic Transfer Fraction: (Blood - Organ) 
Bone 0.45 (endosteal surfaces of mineral bone) 
Liver 0.45 (RE 
Other 0.10 

Biological T1/2 

system) 
w 

Bone -100 years 
Liver -40 years 
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PLUTONIUM INHALATION 
Most likely route of internal contamination (75% 
of industrial exposures). 
Initial pulmonary deposition driven by particle 
size (not chemistry). 
Deposition in the deep lung varies inversely 
with the particle diameter. 
Final deposition driven by initial deposition site 
;Ind chemistry. 
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1 m0 

Om8 

0.6 
Deposit ion 

Om4 

Om2 

0 
0 
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Aerodynamic Diameter 
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TABLE 3-5 

ANNUAL DOSE RATE TO VARIOUS LUNG COMPARTMENTS 
FROM CHRONIC EXPOSURE TO PLUTONIUM-239 AEROSOLS 

Concentration: 1. o fci/m3 P a r t i c l e  AMAD: 0.05 ,  1 . 0  and 5 . 0  Microns 

Duration of Pulmonary ‘ Tracheobronchii,l Nasopharyngeal.6 
Exposure . - mrad/yr. x lo-’ mrad/yr. x 10 mrad/yr. x 10 (Years) 

0 . 0 5 ~ .  1 . 0 ~  5,Ou 0 . 0 5 ~  1.ou 5 . W  0 . 0 5 ~  1 . 0 ~  5 . 0 q  

3 . 9  1 . 5  e 7  2 . 7  1 .1  6 . 1  ’ a 0 4  11. 3 0 .  1 

9 . 1  3 . 5  1 . 7  3 . 7  1 . 5  7.9 0 4  11. 3 0 .  5 
- 

10 

7 0  

3 . 8  1 . 6  8 . 1  . 0 4  11. ’ 30. 9 . 8  3 . 8  1 . 8  

9 . 9  3 . 8  1.1) 3 . 8  1 . G  a . 1  0 0 4  11.  3 0 . 

I_ _.--I 



1.0 ' 

,001 

DOSE RATE TO ORGANS AS A FUNCTION OF TIME DUE TO CHRONIC IHHALATION 
OF ONE MICRON (AMAD)  PLUTOHIUM PARTICLES A T  A CONCENTRATION OF 
2.6 fCI/rna. EQUlLlSRlUM DOSE RATE TO PULMONARY LUNG 1 MRAD PER YEAR 
ADULT REFERENCE.MAN - BREATHING R A T E  2.3 x 10. LITERS PER DAY. 

FIGURE 3-2 

3 - 16 



TABLE 3-6 

AEROSOL CONCENTRATIONS IN fCi/m3 PRODUCING A 1 MRADHEAR 
EQUILIBRIUM DOSE RATE TO THE PULMONARY REGION OF REFERENCE MAN 

(Class Y Clearance) 

Aerosol PU-238 PU-2 3 9 Pu-240 Pu-241* Am-241 ~ an-2-4 4 

0.05 
0.10 
0.30 
0.50 

W 1.0 

3.0 
03 5 . 0  

I 2 . 0  
N 

1.0 
1.1 
1.6 
1.8 
2.5 
3.1 
1.1 
5.2 

1.0 
1.2 
1;7 
1.9 
2.6 
3.5 
4.3 
5.4 

1.0 
1.2 
1.7 
1.9 
2.6 
3.5 
4.3 
5.4 

330 
390 
54 0 
630 
a50 

1,100 
1,400 
1,800 . 

1.0 1.0 
1.1 1.1 
1.6 1.6 
1.8 1.8 
2.4 2.5 
3.3 3.4 
4.0 4.1 
5.1 5.2 

* only  alpha dose rate due to Am-241 daughter is considered 
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PULMONARY CLEARANCE OF FLUTONPUM 

Tracheal/bronchial clearance t o  the pharyngeal junction - GI 
Two components: 
1. rapid mechanical ciliary action clearing in 1 day.- 
2. slow cellular (macrophage) mechanical phase clearing 

the deeper (alveolar) spaces: clearance 1 month - 1 year 

Clearance t o  the tracheal/bronchial lymph nodes 
Retention >90% 

Clearance to blood 
Rapid for soluble fraction 

r 

i 



I 
ICRP LUNG MODEL 

3 compartments of respiratory tract 
Nasopharyngeal: 

Tracheobronchial 

Pulmonary 

- Ciliated columnar cells - Mucin secreting goblet cells 

- Trachea -+Bronchi -Terminal .II.+ Bronchioles 

- Non-ciliated gas exchange tissues 
- Respiratory bronchioles I+ Alveoiar ducts +Atria 

-+ Alveolar sacs -Terminal alveoli 

A complex lymphatic system accompanies all blood 
vessels (drain into tracheobronchial, hilar and mediastinal 
lymph nodes.) 
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PLUTONIUM BROA§SAV 
Pu-239 most difficult 
(low specific activity & weak x &y) 

Recommended LLD 0.06 pCi/sample 

Maximum yield -2-3 weeks 

Recommended LLD - 0.5 pCi/sampie 
Maximum yield -24 - 48 hrs. 

m Urine 

(ANSI N13.30) 

m F-eces 

r e.... 

.. 
7 
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1; 

Chest (lung) Counters 
Large Nal detectors and long counting 

0 '  LLD - 500 pCi 
intervals (Am-241 impurity @I200 ppm) 

- ---f 

Nasal Smears 
ASAP (within 1st hour) 

0 @tip (dry) each nostril separately 
Used as a screening tool 
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'I 
PLUTONIUM DETECTRON 

Several Types of Survey Meters Available -.- 

not useful as field instrument) 
Alpha scintillation (ZnS) thin mylar window (very fragile: 

GM counters with thin windows ( a y  fly y )  
Thin Nal (TI) crystal scintillators ( y & x-ray) 

Realistic goal in field is detection rather tt1a.n quantitation 
due to interference from variable overburden (e.g. dust, 
dirt, moisture) 
Am-241 (decay product of Pu-241 with 60 KeV gamma) 
normally in trace quantities with weapons grade plutonium 
is easier to detect. Most successful field detection 
approach. 

I 
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ENVIIRQNMENTAL SAMPLING 
(continued) 

m 

Soil 
Typically measured 
Sample -2 Kg soil 

Water 
Typically measured 

by gamma spectroscopy 
(1 f t 2  X 3" deep) 

by gamma spectroscopy 
- 

Sample drinking water and discharge soukes 
Sample size -Ia2 liters 



ENVIRONMENTAL, SAMPLING 
(continued) 

Vegetation 
Sample size: -3 liters densely packed and I 

double bagged , 

Swipes 
Assay for removable contamination 
Typically use filter paper (dry) over 100 cm2 
Placed in individual envelope labeled with 
appropriate collection information 

,. 

f 
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ANNUAL LIMIT ON INTAKE (A l l )  
-----a committed Effective Dose E quivalent (CEDE) 

C c 1 
5 O Y  wt erglgm QF(W,) 

Intake by "reference man" via inhalation or 
ingestion which will result in a dose equivalent 
equal to the most limiting of the following: 
. Dose Locat ion Effect Term 

0 5 REM Whole Body Stochastic . CEDE 
15 REM Lens of Eye Non-stochastic CDE 
50 REM Other Organs Non-Stochastic CDE 
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I 
PLUTONIUM INHALATION DOSE (mrem/nCi) 

Pu=238 ' Pu-239 
w (10-3) . Y (10-5) . w (10-3) Y (10-5) 

c 

Gonad 
Breast 
Lung 
R Marrow 
B Surface 
Thyroid 
Remainder 
CEDE 
ALI -(nCi) 

0.004 
68 

. 562 
7030 
0.004 

260 
392 

7 

0.002 
1184 
215 

2683 
0.00 1 
. 101 

20 
2aa 

0.003 
64 

7807 
0.003 

280 
' 429 

6 

6.2 5 

0.002 
1195 
243 

3038 
0.00 1 

112 
308 
20 

--- 7 
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PLUTONIUM RISK 
Relative Toxicity 

Substance C r i t e ri o t i  Species Quantity 1 Route 

LD50/30 0.32 mglkg 
(-20 nCilkg) 

IV 

Pu-239 
(PUO2) 

Tetanus 
toxin 

LD 50/30 

LD 50 Mouse 

1.3 mglkg 
(-80 nCilkg) 

0.1 nglkg 

INH 

IPR 

, 



TABLE 1-2 
- .  

PROBABILITY OF DEATH BY VARIOUS CAUSES 
(U.S. Population Average for 1978) 

~ 

Total Number Individual .Risk 
Cause of Deaths ' (Pmbability/yr)a 
Accidents 

Motor Vehicle 52,411 2 . 4 ~ 1  o - 4 
Air Transport 1,880 8.6~10 0 8 
Railway 602 2.8~10 - 0 
Falls . 13,690 6.3xI.O - 5 

w Fire 6,163 2.8~10 - 5 
I Drowning 5,784 2.7~10-5 ' ' 

w Industrial 5,168 2.4~10 0 - 6  
0 Electrocution 984 - *4.5~10'6 

Exploslon 562 2.6~10-8 
Firearms 1,806 8.3~10 - 6  

Malignancies 396,720 1.8~10 - 3 
Ita f l  u enaa/Pne umonia 58,230 2.7~10 - 4 
Diabetes 33,800 1.6~10 - 4 

Natural Events 
Lightning 

118b 5.4~10 - 7 
9oc 4 .1~10 - 7  

Tornadoes . 
Hurricanes 

Diseases 
* Cardiovascular 964,000 4.4xd 0 - 

Bk-fK IT 
R A W  Vo N X lJk 

160 7.3~10 - 7  

(a) Based on total U.S. Populatlon 
(b) 1953-75 average 
(c) 1901.71 average 
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PRlNCPAt PATHWAYS OF THE TRANSURANIUM ELEMEHTS 
THROUGH THE ENVIROHMENT' TO MAN 

FIGURE 1-5 
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PLUTONIUM 

EN V IRONM E NTA L HE A LT H CONS I D E It AT IONS 
FROM A WEAPONS ACCIDENT -_._ . Doses to population 

As high as several hundred rem (lung) from inhalation 

Doses from resuspension will be 100 I000 t imes less. 
(initial cloud passage). 

Sheltering is primary protective action 
Stay indoors 
Wrn off AIC 
Resuspension is primarily a problem around accident 

Do not consume plants/vegetables until radiological 
site. 

assays are completed. 
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PLUTONIUM 
--ENVIRONMENTAL ASPECTS 

(continued) 
4 Accidents 

1964 satellite carrying -1  Kg Pu-238 (Indian 
Airplane accidents with atomic weapons 

Ocean) 

- 1966 Palomares Spain -2 km2 contaminated 
(only -3Og E-525 Ci] remain following decon.) 

- 1968 Thule, Greenland -0.1 km2 contaminated 
(only - 4-00g [7,000 Ci] remain following decon.) 

. ..-., 



f 
A 

cn 

c c  
.I .I 

d m  
0 0  
F F  

0 .  

t t t  

i 
! 

I I/ i 
, I!- 



PLUTQNIUM 
ENVIRONMENTAL ASPECTS (continued) 
Resuspension Factors (iom5 to iom8) 

IOm5 more appropriate for fresh deposition of finely 

io ' *  fixed to soil for long p r i o d s  (xi. 'liiiiily T s t  

Pu is typically in the tetravalent (+4) form and 
quickly forms positively charged polymers which are 
readily compilexed to soil components. 
Fixation high in humus and clay soils (ion exchange) 

distributed plutonium 

Site, Alamagordo, Nsw Nlaxico) 

Fixation lower in sandy soils 



TABLE ‘5-1 

FACTORS AFFECTING RESUSPENSTON 

EETEOROLOGICAL FACTORS 

Wind; Frequency Distribution: 
Mean Wind Speed 
Wind Direction 

Intensity of Gusts 
Vertical Turbulent Exchange 
Air Density (Texperature-Pressure) 
Frequency and Amount of Rain/Snowfall 

GXOUND-SURFACE ?ROPERTIES 

Soil Characteristics 
Soi l  Type 
Moisture Content 
Density 
Texture 

Particle Characteristics 
Shape 
Density 
Size Distribution 
Cohesiveness 

Land Use 
Sutface Roughness 
Type and Amount of’vegetative Cover 
Topography/Terrain Irregularities 
Soil Disturbance Activities 

5 - 5  



TABLE 3-14 

OCCUPATIONAL EXPOSURE 

ANNUAL UUlT OF INTAKE (All) AND DERIVED AIR CONCENTRATION (DAC) 
FOR THE YORE INPORTANT TRANSURANIUU NUCLIDES 

c - ~ . r *  m mmmh t i  - LCI =..LQ~ 

9 IO' w l e  J 

0 3  2 I.* w IO' 

w 10' 

w 1.8 

ami 

o m  

0.001 
I 10' 

Q.Wl 
I 10. 

om1 
I 10. 

om1 
I1V 

0.001 
I lo- 

w lwJ 
Y I.' 

KcLn w I.' 
2-y Y I.' 

w 1.' 
Y 18' 

w I.' 
Y I.' 

J 10" 
110' 

I io- 
J IO' 

J 1.U 
1 IOU 

0.006 3 IOU I 1 0 .  O S  

3 I*U 

4 19.  

110.  
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0 1  
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w IO' 

\v IO' 

0.006 

:oo 

J IO' 

I Io. 

1 IC 

I 10. 

2 I** 1 10. 6 IO. 
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1 1 0 -  
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I IO' 
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CATEGORIES OF CRITICALITY ACCIDENTS 

Critical Assemblies/Reactor 
Experiments 

App. 50,000 experiments 

App. 30 .accidents total 

7 fatalities 

Process Line 

8 accidents 

All solutions 

7 U S 1  UK 

2 fatalities 
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PROCESS CRITICALITY ACCIDENTS 

All involved solutions 

Total Reported = 8 

Worker Fatalities = 2 

Public exposures = not measured; negligible risk 

Environmental contamination = not measured negligible 
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HS-6-93-209 4 October 19, 1993 

Table 1. 

Fissile Material Atom Densities 

Element or Weight Atom Density, 
Material Density Isotope Percent atoms / bay-cm 

Plutonium 19.86 "9pu 
z"0Pu 

Stainless Steel 7.92 Cr 
(Keno mix = 200) Fe 

Ni 
Mn 

Carbon Steel 7.82 C 
(Keno mix=100) Fe 

Ordinary Concrete 2.3 AI 
(Keno mix=301) Ca 

Fe 
H 
0 
Na 
Si 

95 
. 5  

19.0 
69.5 
9.5 
2.0 

1 .o 
99.0 

3.4 
4.4 
1.4 
1 .o 
53.2 
2.9 
33.7 

I 

0.04753 
0.00249 

0.01743 
0.05935 
0.00772 
0.00174 

0.00392 
0.08349 

0.00175 
0.00152 
0.00035 
0.0 1374 
0.04606 
0.00175 
0.0 1662 



HS -6-93 -209 

Density of Fissile Material 
in Inner Container, g/cc 

5 '  

Table 2. 

Multiplication Factors for Storage Array 
Two 8 x 83 x 6 Arrays (7,968 units) 

Array Multiplication Factor 
& + 3 a  

October 19, 1993 

19.86 

14.895 

9.93 

4.965 

2.23 

0.81 

0.77 

0.72 

0.62 . 

' 0.54 
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CRITICALITY SAFETY - HANAGER/€NGINEER 
STUDENT HANDOUT 

PREFACE : 

Every Westinghouse Hanford Company employee has the r e s p o n s i b i l i t y  f o r  c r i t i c a l i t y  
sa fe ty .  Operations involving f iss . ionable  material  have in-depth envelopes of  s a fe ty  
designed i n t o  them. T h i s  design incorporates  research and lessons  learned from pas t  
e r r o r s  and w i  11 prevent personnel i n  jury and equipment damage when fo l  1 owed. When 
individuals  fa i l  t o  follow the procedures, the envelope of  s a f e t y  becomes eroded and the  
poten t ia l  f o r  se r ious  accidents becomes unexceptable. We must be a l e r t  t o  the gradual 
erosion of safe practices and procedures t o  the poin t  where exceptions become the normal 
mode of  operation. 

T h i s  t r a i n i n g  has been developed t o  g ive  you an awareness o f  the procedural requirements 
and the envelqpe of  safety used when working'with f i s s i o n a b l e  mater ia l s .  

. .  
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I . PRESENTATION 

A. 
1. Fission 

a. Definition: Sp l i t t i ng  of a nucleus 

b, Process: U-235 o r  Pu-239 + neutron + fission product, + fission product, + 2- 
3 neutrons + y  + B + heat 

c. Produces: 

(1) ' A t  least new nuclei (fission products) 

(2) Heat released or given off 

(3) Radiation re1 eased or  generated 
(4) Free neutrons released 

2. Fissile material 
a. Material that  will sustain a chain reaction by slow neutron induced fission; we, U--, u - a ,  Pu- , and Pu-241. 

3 . Fissionable materi a1 

. a. Material that can sustain a neutron induced chain reaction; e.g., all 
flssile materials plus Np-237, .Pu-238, Am-241 and %m-244. These are the 
most common and the list is not al l  inclusive, 

(1) A l l  fissile material is also fissionable material bu t  n o t  all 
fissionable material is .fissile. 

be is the only fissionable isotope t h a t  occurs naturally i n  commercial 
quant i  ties. 

'2 



i , 
4. Neutrons 

, ' .  .. ~ I . I .  .; 

a. Free neutrons are constantly being re1 eased through several 'nuclear 
reactions . 

b.' Neutrons only interact w i t h  the '  
c. There are two ways a neutron can interact w i t h  an atom's nucleus 

of other atoms. 

, .  , .  
(1) Scattering _ I  

(2) Absorption 
d. Scattering reactions occur when the neutrons strikes and bounces of f  the 

nucleus. Th i s  takes energy away from the neutron causing i t  t o  slow down. 
Slow neutrons are more likely t o  be absorbed. 

e. Absorption occurs when the nucleus of an atom-captures a neutron. 

(1) Some atoms become radioactive by the absorption of a neutron. 
f. Fission may occur when a neutron is captured by the  nucleu's of a fissionable 

material causing i t  t o  split in to  two parts. 

(1). Fission releases additional neutrons that may result i n  more fissions. 

(2) Fission neutrons are "born" as fas t  neutrons (high energy) and are more 
likely t o  escape from the system. After they have leaked o u t  they are 
n o t ,  avai 1 ab1 e t o  cause more fissions. 

I 

3 



. .  

5. A chain reaction is a series of fission reactions caused by the released neutron 
from the previous fission events. 

a. The magnitude and duration of a chain reaction i s  dependent upon the 
multiplication factor (k). 

. factor shows whether the number of fissions is 
increasing or decreasing. (1) 

(3) k-1 

(4) bl supercritical 

(5) k t l  subcritical 

b. Assuring that fissionable material i s  keep subcritical is what criticalit, 
safety is a11 about. 
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B. !x 
1. 

2. 

3. 

- 
. . . . . . . . . .  . . .  . . .  - 

Prompt high levels of 

a. Immediate ultra-high radiation dose fate, poses greatest hazard to 
personnel . 

b. Neutrons will cause activation o f  materials. Metals are most likely to 
become activated, for example sodium within the body. 

c. Nearby individuals may lpreceive a blue flash. 

d. The magnitude and duration of the criticality will determine the radiation 
level. 

The fission products continue to produce radiation after criticality stops. 

a. Fission products are very radioactive. 

b. Contamination of the area is possible with uncontained material or if 
rupture of containment occurs during criticality. 

Generat i on of 

a. Kinetic energy o f  the fission products imparts ‘energy to the surrounding 
materials and an increase in temperature results. 
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C. Factors Affectin - t e r s  - mass, geometry, reflection, moderation, 
enrichment, c o n c m t y ,  density, volume, interactton, and poisons. 
1. is the most important single factor (most often used). 

a. 
cri t icali ty under specified conditions. 

b. Minimum critical mass - the smallest amount of fissionable material that can 
reach criticality under ideal conditions. 

mass - the mass of fissionable material that can reach 

2. Geometry/shape 
a. is optimum for cri t icali ty bu t  bad for cri t icali ty prevention. 

Th i s  is because of the small surface rrea/volume ratio of a sphere will 
result i n  the fewest possible neutrons leaking out of the system. 

b. Fissionable matepial i n  a spherical geometry has the lowest possible neutron 

(1) Cubes - approach sphere - bad shape 
Small shapes that can be tightly stacked together have more potential 
for cri t i  cal i ty . 
Rectangular vs . spheres 

(2) Cylinders: If the diameter is equal t o  the height then this t s  possibly 
a bad shape. 
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c. Any geometry that is thin will be a good shape for criticality M e t y ,  
liquids less than two (2) inches. 

d. The neutron leakage will increase if the surface area to volume itio is 

(1) Flattening of bad geometries will increases surface area/v ume ratio. 

(2) Elongation of a bad geometry will Increase the surface i. -a/volume 
ratio. 

(a) Increases neutron 

(increased/decreased) . 

e . Increased neutron 1 eakage means (decreased/increased) chance 
of criticality. , 
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3. I - Materials tha t  cause the neutrons t o  change directio 
being absorbed . 
a. (increase/decrease) neutron 1 eakage 

In w i t h o u t  

b. More neutrons are available t o  cause . 
c. If you p u t  solid fissionable material (not powders) in to  a container of 

l i q u i d  the effects o f  reflection will be more than the moderation effects. 
d. Introducing a reflector results i n  decreasing the critical mass by 

col1 i sions. 
a. Jhe- n$utrons (slow neutrons) are up t o  

cause fission. 

. 
- Materials tha t  absorb significant energy from .neutrons during 4. 

times more likely t o  

b. Materials w i t h  a atomic mass, 5 12, make best moderators. 
c. The following is a list o f  comom moderators: 

(3) Hvdrocarbons - very good 

(4) is common and readily available. 
8 



d. Layering a moderator with a fissile material (intermixing) i s  like having 
material in solution. 

e. A will also act as a when i t  surrounds the 
svstem. A good reflector is not necessarily .a good moderator, i .e. ,  steel , 

lead, etc. 
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5. - The percentage of the material that is fissile.  Natural 
uranium is 0.71% U-235 and 99.29% U-238. 1 

a. )The 
critical mass i n  a given situation. 

b. The higher the enrichment, the more controls t h a t  will need t o  be imposed to 
prevent an accidental criticality. Only 810 g of 100% U-235 is needed for a '  
minimum critical mass of uranium.. 

(higher/lower) the enrichment, the less i t  takes for a 

' c. Natural is almost impossible t o  make critical wi thout  
extensive; engineering because of its low enrichment. For this reason 
natural or depleted (< .71% U-235) are not usually a cri t icali ty concern. 
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6. - The mass of f i s s i l e  material i n  a given volume. 

(H/X) can be used t o  understand why 
the curve of a graph o f  the cri t ical  . 
mass t o  the concentration is  the shape 
i t  is-. 

30 g / t  concentration of 23gPu nitrate 
solation is the p o i n t  where minimum 
cri t ical  mass occurs and has a H/X = .  i 
850. This  is the concentration w i t h  
OPTIMUM MODERATION. 

<30 g/e over moderated - H/X "too 
high" > 850 

>30 g/e under moderated - H/X "too 
low" < 850 

1 .  r .  

H/X ratio t2 considered dry 

a. 

b. 

C. 

d. 

e. 

f. 

9. 
h. 

. 

* I .  

M r ( m * m I l r ( * W l  . 

Change i n  concentration can cause a solution t o  go cri t ical  o r  i f  i ts  
cri t ical  t o  go subcritical . 

7. Heterogeneity - The non homogeneous d is t r ibu t ion  of fissionable material due t o  
chemical and physical properties of the material. 

(1) Two immiscible l iquids  i n  the same container can result i n  f i s s i l e  
material shift ing from one l i q u i d  t o  the other due t o  different 
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solubility potential. Thus low concentration in one liquid may become 
highly concentrated i n  the other liquid. 

(2) Fissionable material may precipitate out of solution thus forming a 
sludge on the bottom o f  the container. 
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8. - How close together the atoms o f  fissionable material are. 

a.  (high/low) density means less material needed t o  'achieve 
criticality 

b. (high/low) density means more neutron will escape. 
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9. - The amount of solution in a container. 
a. 

b. 

C. 

10 . 
a. 

b. 

is a subcritical volume for plutonium solutions. There will not be 
enough fissile material for a criticality to occur. 

Any container that will hold a basketball or more may contain enough 
plutonium solution to cause criticality safety concerns. 

Containers - Any vessel capable of containing fissionable material. 
- Neutrons interact between units (containers, pins, fuel 

assemblies, batches, etc.) of fissionable material . 
aacinq of fissionable material is used to minimize the neutrons that escape 
from one batch and entering another. 

Examples where spacing is used. 

(1) In some facilities yellow lines on the room floor - (1/2/3/4) feet 
from a wall are used to minimize fissionable material interacting with 
other fissionable material that may be on the other side. 

(2) Spacing requirements inside a glove 'box. 

(3) Spacing requirements for batches or unit masses. 

(4) Spacing designed into carts, storage boxes, shipping containers, 
fissionable material storage locations, etc. 
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11. - A material  t h a t  absorbs neutrons but  does not .I ,;sion. 
a. Common - Y ’, Gadol i n i  um, Samari um 

b. Poisons will decrease the neutron population t h u s  decreasing the chance of 
cri t i  cal  i t y  . 

c. Borated Raschig rings are used as poisons i n  some s torage  tanks.  
i n  the 12. Using the parameters/factors t o  control  the number o f  

system and their energy i s  what cri t icali ty safety is a l l  about, 
a. Fiss ions are always occurring i n  f i s s ionab le  mater ia l s .  
b. If neutron mul t ip l ica t ion  can be control led,  K e 1, there will .be no 

c r i t i c a l  i t y  . 
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* 13. Shutdown mechanisms for accidental cri t icali ty 
(1) Increasing the leakage caused by changesin physical 

properties i n  the system. For example as the heat released by the 
cri t icali ty will cause the material to'expand. T h i s  means t h a t  the 
nuclei of the atoms are further apart and'therefore there is more 

(2) Liquid systems may-pulse or cycle. The nature of l iquids  allow for the 
system t o  more readily return t o  original conditions. 

. neutron leakage. 

(a) Subsequent cri t icali t ies may be only 

(b) Heat released from the cri t icali ty will cause changes i n  the 

(c) Increases neutron 
subcritical. 

(time u n i t )  apart. 

properties of the system. 
making the system 

. .  (d) System cools down and then goes cri t ical ,  etc. 
(e) After several cri t icali t ies the system could bo i l  and this may 

(f) Other s h u t  down mechanisms are possible. 
eventually change the concentration of the system. . 

* Denotes material covered i n  the Manager/Engineer class bu t  not i n  the Fissionable 
Materi a1 Hand1 er cl ass . 
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D. Review of criticality accidents/near accidents 

1. General Electric near criticality at Wilmington, North Carolina. 

a. The event involved an inadvertent transfer of high concentration uranium 
from a solvent exchange process to a waste treatment process. Due to 
improper maintenance of a control valve and operations response (trying to 
control process with manual valve) solution containing >150 ppm of U was 
transfered t o  a tank with a limit of 4 5 0  ppm. This resulted in solution in 
aJ1arge tank (20,000 gal) containing solution with a concentration of 2,333 
PPm. 

b. . Proposed changes would be authorized only by 1 icense amendments. Licensee 
* did not consider this as a limit to their ability to unilaterally change the 
process and controls under the administrative provisions o f  their license. . 
NRC inspections were predicated on the same understanding. An example of I 

this was the safety basis for the facility was demonstrated for U enriched 
to 5% but licensee authorized U to 6%. 

c. In '86 density monitors set point changed from 280 g U/l to 350 g U/l. This 
concentration was determined not to be a risk.i,n the feed preparation 
system, but the downstream systems do not appear to have been considered. e 

d. In '87 density monitor for tank V-103 (20,000 gal) was approved for deletion 
because remaining control s met 1 icense requirements. This i ncl uded a set 
point alarm and automatic closure of a transfer block and bleed valve. 

e. Process control was not considered to be a criticality safety contingency by 
operation. There was no distinction between process control and criticality 
control instrumentation. This significantly weakened the safety margin 
because of only a single point sampling system. 

f. Licensee lacked a multidisciplinary approach to identify: 1) each route to a 
criticality scenario, 2) necessary contingencies for each scenario, and 3) 
formal controls necessary for each contingency. 

9. Computer control system was routinely manually bypassed when samples were 
not taken. Thus mass contingency had been degraded because of management's 
inattention to the point where it was no longer a valid barrier. 

h. Valve lineup of the "Critical Valves" were not easily identified so that the 
recirculation a1 ignment could be assured. 

i. 100 kgs of 3.2% uranium was the MCM. 150 kgs was transferred to the V=104 
tank (20,000 gal) with an available inventory of.275 kgs. 

17 
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j. Management's inadequate oversight of the maintenance process, coupled w i t h  
the facil i ty 's  production-oriented philosophy, resulted i n  affording 
maintenance personnel extensive work latitude without specifying the impac,, 
that maintenance activit ies could have on c r i t i ca l i ty  controls. 

k. Changes. and modifications had been made t o  plant equipment and systems 
w i t h o u t  an adequate evaluation of their  effect on operations. 

(1) F i l l  time for 600 gal tanks c May '87 
May '87 

* Nov '90 
10.8 hrs . .  2.3 hrs 
1.4 hrs 

(2) The tanks were f i l l ed  t o  90% and then circulated for 15 min. before 
sampling. The auto-sampling system was n o t  working a t  this time and 
was. being replaced w i t h  new equipment. Manual sampling was necessary 
for  analysis instead of i n  l ine  analysis. 

1. 'In '89 and '90 loss of cr i t ical i ty  control a t  other NRC fac i l i t i es  also 
occurred. A l l  three of these had the same underlying causes; 1) inadequate 
management attention t o  cr i t ical i ty  safety program, 2) 1 ack o f  mandatory and 
enforced procedural compliance, 3) inadequate training programs, and 4) the 
need for additional monitoring devices. 

2. Wood River Junction 1964 -.In this accident the person poured a solut ion of 
highly enriched and high concentration. uranium from *a geometrical safe container 
t o  an 18 inch.diameter tank. The solution went cr i t ical  and the person receiv. 
a lethal dose of radiation. A second cr i t ica l i ty  was caused when personnel 
tr ied t o  recover from the first accident. 

* 

a. 
b. 

C. 

d. 

e. 

f .  

There was no written procedure for the way the operation was conducted. 
The containers were poorly marked. 
Transferred high concentration solution from safe t o  an unsafe geometry. 

Person hadlnot been assigned t o  d o ' t h i s  job, but  since he had time he went 
ahead and did the job. 
The second accident was caused because personnel did n o t  understand a l l  the 
factors that  effect cri t ical  i t y  control . 
Similar scenario has occurred twice w i t h i n  the l a s t  few years a t  commercial 
fac i l i t i es  because of improper training. There i s  a tendency t o  assume that 
dilute material is harmless, so no precautions are needed. T h i s  sloppiness 
also contributed t o  the mis-identification of concentrated solutions. 
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E. Criticalitv Pre ventioq 

1. Reason 

a. Primary reason i s  the prevention o f  

b. Secondary reason i s  t o  avoid damage t o  the plant. 

(1) Cost o f  repair 
(2) Cost o f  decon 

(3) Loss o f  facility use 

(4) Loss of jobs 
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2. Controls for criticality safety are of one of two types either administrative or 
engineering . 
a. 'DOE Order 5480.5 - Safety of nuclear facilities 

(1) Purpose is . . ."That consideration is given to all potential 
criticality hazards associated with fissionable material operations 
outside nuclear reactors. " 

b. Westi nghouse Hanf ord Manual (WHC- 
CM-4-29) 

(1) Covers the general criticality safety requirements for handling 
fissionable materi a1 s . The fol1 owing organizations OP classif icationc 
are assigned responsibilities that they must be familiar with. 

(a) Operating Organization 

(b) Critical ity Safety Representative (CSR) 

(c) Responsibilities for fissionable material handlers 

i) Know the (critical i ty\radi ati on) safety 
requirements established for the operation and handle 
fissionable material in strict accordance with those 
requirements. 

ii) Handle fissionable material only after completing the required 
prerequisite critical i ty safety training. 

Ask for additional and 
instructions when needed. 

iv) any criticality safety questions and concerns to 
the responsible management, the Criticality Safety 
Representative (CSR) and their co-workers as appropriate. 
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* 
* 
* 
* 
* 

* 
* 
* 
t -- 
* 

v) Knowing and following criticality 

vi) Communicate criticality safety related .information to co- 

(securi ty/emergency) procedures. 

workers and responsible management (e.g., at shift turrrover) . 
(d) Engineering . 

i ) Critical i ty Engineering Anal ysi s 

ii) Radiological Safety Analysis 

i) Independent Safety Review Organization (Nuclear Facility 

(e) Safety 

Safety or Reactor Safety) 

(f) Quality Assurance 

(9) Transportation and Packaging 

(h) Training 

(i) Safety and Environmental Advisory Council 

(2) Waiversor Deviations (1.5.7) - There may be a better way to do the 
job. Waivers are possible if the conditions warrant it. 
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* c. Criticality Safety Training 

(1) Lists requirements and assigns responsibilities for training employees 
in criticality safety. 

(2) Fissionable Material Handlers and ManagerslEngineers are to have: 

training every years. 

cific -Trai n i nq shall be provided to ensure that personnel 
are familiar with all aspects o f  their positions every two years 
and for new job assignments. 

Periodic Criticality Safety Training Meetings, 3 required per year. 
Attendance requirements depend upon job assignment. 

The 

(monthlylquarterlylannual ) meeting, usually 
conducted as a safety meeting. 

(monthlylquarterlylannual ) meeting, required by. i 
supervisors of Fissionable Materi a1 Hand1 ers . Personnel in a 
support fuction within a fissionable material facility are to 
have an annual meeting. It is the supervisor’s resposibility 
to arrange the meeting for these employees. 

W R A M  report will give level o f  training but only as indicated 
below. Be sure that each employee you assign to a job has the 
proper level of criticality training for the job assignment. 

i) Fissile = Fissionable Handler or ManagerlEngineer courses 

i i 1 Non-Fi ssi 1 e - Support Personnel or Non-Fi ssi 1 e courses 
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d. Declaring and Lifting Stop Work Orders 

(1) Upon identifying an unsafe or a condition-adverse to criticality safety 
immediately notify responsible 
(worker/management ) 

If a work activity-represents a CLEAR and IMMINENT DANGER, the work 
shall be suspended pending management review. If there is a question 
about compliance with the requirements of this manual or other 
governing criticality safety documents, it is expected that work will 
be suspended (or for dynamic systems, stabilized) pending management 
review of the situation. 

(2) 
, 

(a). The manager or supervisor of the employee raising the concern shall 
ensure.that, if the employee does not agree with the sufficiency of 
operation's response, the problem is brought to the attention of 
the independent safety reviqw organization management as soon as 

(b) Level 2'and 3 independent safety review managers have authority to 

. possible. 

issue stop work and shutdown orders in accordance with Management 
Policies (MP) 1.4, "Shutdown and Stop Work Direction". 

(3) Lifting A Stop Work Order 

(a) Work may be requmed if the facility operations management, the 
facility Criticality Safety Representative (CSR) , and the employee 
who stopped the work agree that the system is operating correctly 
and within its design safety limits. Stop work orders issued by 
safety organizations are lifted in accordance with MP 1.4. 

(b) If the facility operations management and CSR agree that the system 
is within limits and operating safely, but are unable to establish 
the safety system to the satisfaction of the employee who stopped 
the work, then the employee's concern will be resolved in 
accordance with Management Requirements and Procedures (MRP) 4.14, 
"Resol ution of Employee Concerns". Work may be resumed during the 
concern resolution process wjth the approval of the Independent 
Safety Review Organization. 
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e. Control o f  Fissionable Material 

(a) Continaenu is an unlikely action, event, or occurrence that can 
cause a change in operating conditions, such that a prescribed safe 
operating condition or limit to be exceeded. 

'(b) Requires at least two (2) unlikely, independent and concurrent 
changes in process conditions before an accidental criticality 4s 
posst bl e . 

(c) In criticality safety 

(dl No 

(2) Critical i ty parameters and control s of physical tharacteri sti cs shall 
be incorporated into the desiqn, goeration, and administration of a 
fi s,si onabl e materi a1 faci 1 i ty. 

need to be anticipated to 
detehine if situation will be subcritical . 
shall result in a criticality. 

(single/double) error or equipment malfunction 
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f. The following administrative controls must be in place before a WHC 
organization can have custody of fissionable material outside o f  a reactor 
core. 

(1) Criticality Safety - Report (CSER) - Required for 
any operation which involves greater than exempt quanities of 
fissionable material 

(CPS) - Required for all 
Fissionable Material Facilities and may be required for some Limited 

(2) 
- 

Control Facil i tes. 

(3) - work is covered by a Criticality Prevention Specification. 

(4) Operatinq Procedures may contain CPS limits and controls, posting is 
still required. 

(Radiation/Criticality) Safety Postings - Required any time 

g. Criticality Safety Evaluation Report 

(1) The purpose of a criticality safety evaluation report is to analyze all 
aspects of fissionable material operations to maintain the operations 
at an acceptable subcritical margin. 

(a) If you are making design changes to criticality system make sure 
that those changes are within the CSER. Check with the CSR if 
there is any doubt or questions. 

Criticality Engineering Analysis if: 

i) If changes to the limits are desired. 

(b) Requests for Criticality Safety Evaluation (CSE) shall be made to 
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11) Equipment design changes or equipment position changes outside 
present CSER. 
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h. C r i t i c a l i t y  Prevention Specifications 

(1): C r i t i c a l i t y  prevention specif icat ions are t o  provide r;c:es f o r  the safe 
handling o f  f issionable material. They shal l  be avai lable f o r  
reference by the f issionable material handlers. 

(2) A USER document tha t  i s  control led by the - (manager/CSR) 
and i s  reviewed and approved by the Independent Safety Review 
Organization. 

(3) C r i t i c a l i t y  Prevention Specif icat ion Content 

(a) Fissionable material descript ion .section speci f ies the f issionable 
materials tha t  may be handled and the physical and chemical forms 
o f  the materials tha t  are approved f o r  use under the CPS l im i ts .  

(b) Description o f  operation and equipment section specif ies the 
operations allowed and equipment tha t  may be used. 

(c) L imits section specif ies the technical l i m i t s  tha t  ensure double 
contingency. f o r  the approved operation, equipment, and material. 

(d) Process controls section w i l l  provide the addit ional controls t o  
support the technical l im i ts .  

(e) Supporting information section includes notes t o  help c l a r i f y  the 
1 i m i  t s  and process controls. 

(4) Must comply wi th  a l l  aspects o f  the when 
working wi th  f issionable material. Also may be written into 
procedures . 

(5) The C r i t i c a l i t y  Prevention Specif icat ion i s  written f rom the 

document. Therefore, these specif icat ions are w i th in  the double 
contingency pr inciple.  

Report (CSER) and shal l  reference t h i s  

(6) Fai lure t o  comply wi th  any requirement o f  a CPS I s  a nonconformance. 

(7) If you exceed the C r i t i c a l i t y  Safety l i m i t s  the c r i t i c a l  status o f  the 
system i s  unknown. . . 
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i. Criticality Safety Posting 

This document is to supplement operation procedures by providing a 
ready reference to limits and controls important to criticality safety. 
Required if fissionable material is under the control of a criticality 
prevention specification. 

(Four Facil i ti es are; exempt, i sol ated, 1 imi ted control , and 
fissionable material) 

Facilities - Containing s 3 X of MCM no posting for 
fissionable materials, they are exempt from most criticality controls. 

Facilities - Containing s 1/3 of MCM. Posting 
required at entrances into the.facility stating that the facility is 
isolated facility and specify a person to contact before bringing- 
fissionable material into the facility. 

criticality is not possible. Posting is the same as a Fissionable 
Materi a1 Facil i ty. 

Facility - Containing > 1/3 of MCM but in a form where 

Facilities - Containing > 1/3 MCM. 
limits and controls that are 

controllable or observable shall be posted at each work station or 
storage location. 

(a) Critical itv Prevention SDecification’ 

i) Distinctive in (color/design) and not easily 
confused with other posting. Purple boundaries is the prefered 
desgn . 

ii) Shall be legible and conspicuously pos$ed. 

iii). Cannot contain noncriticalitv 1 imits. 

(b) Criticality limits may be documented in controlled operating 
procedures besides posting. 
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(c) Exceptions are approved by the Jndependent Safety Review 
Organization. 

(6) Inventory sheets where required. 

(a) 
(b) Shall be 

(c) Never have more in the work location then allowed'on the 
posting . 

at. each work station or storage location. 

by the person making the transfer. 
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j. 'Fissionable Material Labeling 

(1) This procedure establishes consistent fissionable material labeling t o  
insure positive i denti f i cati on . 

material label shall be used t o  identify nonprocess 

should be used whenever practical. 
containers holding one or more grams of fissionable material. (a) 

(b) Standard 

' (2) The following are examples of nonstandard labeling: 
(a) When labeling o f  individual units i s  no t  practical a single post ing 

may be used. 
(b) Fuel stored i n  inaccessible locations may be posted i n  the 

imnediate vicinity. 

(c) When samples are i n  small containers. 
(3) Empty containers are t o  be labeled (full/empty) o r  

"unl oaded" as appropri ate. 

(4) Labeling of ponfissile material shall be done if mistaken identity is 
possible. 
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k. Fissionable Materi a1 Storage 

(1) A l l  storage shall be conducted w i t h  an approved Cr i t i ca l i t y  Prevention 
Specification. 

(2) Use of fissionable material 'storage area for storage of other materials 
is prohib i ted  unless the f a c i l i t y  is  designated. as a multipurpose 
faci 1 i ty. 

I 

(3) Fissionable material shall be stored i n  closed containers and labeled. 

(4) Limits for c r i t i c a l i t y  safety shall be posted i n  conspicuous places 
near the storage area. 

(5) .  "In Process" materials def ini t ion is unique t o  the f a c i l i t y  who have a 
need fo r  this classification. 

(a) The de f in i t i on  requires approval of DOE-RL and WHC Independent 
Safety Review Organization. Any changes i n  the de f in i t i on  must 
have this approval level. 

(b) T h i s  is no t  t o  be used as a loop hole t o  get out of other 
requirements. 

(c) T h i s  is used t o  stream line operations. 



1. ' Plant Configuration Control 
* (1) Design shall include the most (positive/easiest) 

practical methods to prevent a criticality accident. Most positive 
controls are those that take less other controls to maintain 
criticality safety. . 

* (a) Geometrically safe equipment 
- * (b) Geometrdcally favorable equipment 

(c) Fixed poisons 

(d) Nuclear blanks 

(e) Instrumentation 

(f) soluble poisons 

(g) Administrative controls 

(2) Engineering controls are required where appropriate and are preferred 
over administrative controls . 
(a) The above engineering controls are preferred but are not always 

(b) The following controls shall be incorporated into the design, 

possible. 

operation and administration of a fissionable material facility to 
the extent necessary to ensure the conformance with the Criteria 
for Criticality Safety Acceptance (section 1.5.1 o f  WHC-CM-4-29). 

(c) The use of criticality parameters/factors to control the operation 
activities requiring the use of fissionable mater-ial. See section 
2.5.2.2 of WHC-CM-2-29 for detail list and description. 

0 
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* 

(d) Areal Density Control - Restrictions allowed fissionable mass pre 

(e) Flow Controls - 
u n i t  area of a large slab. 

i )  Nuclear Blanks - A barrier i n  a l ine t o  prevent flow besides 
the valve. 

i i )  In-line Orifices - Used t o  control flow of gases or l iqu ids  t o  
prevent the development of undesirable conditions 

(f) Placement or Displacement Controls '- fuel spacers, raschig rings, 
poisons, spacing limits, etc. 

(9) Control on Material Compounds and Form - Restrictions on allowed 
composition and allowed physical s ta te  for fissionable materials a t  
particular process stages, work stations, or storage locations. * 

(h)  Chemistry controls t o  prevent material buildup i n  the system, i.e. 
pH, concentration, etc. 

(3) Criticality Engineering. shall provide 
(1 imits/procedures) for the cr i t ical i ty  safety arrangement of 
equipment and procedures. 

(Nuclear Safety/Qual i t y  Control ) inspects and 
verifies design parameters as identified i n  the c r i t i ca l i ty  safety 
design requirements. 

(5) Change control that affects cr i t ical i ty  safety shall have: 

(4) 

(a) Approval of Safety Review Organization 
(b) Review by I (HPT/CSR) 

(c) Work authorization (9.5.1.1) system i n  place that uses: 
1) Approved safety equipment list. 

i i )  Assigned impact level. 
(d) These approvals must be i n  place before changes 

can take place. 
(e) The following require a-c above if they affect c r i t i ca l i ty  

safety: 
i )  Maintenance. 
i i ) F1 owsheets. 
iii). Engineering change notices. 
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i v )  Procedure change -authorization. 

v) Cr i t ica l  i t y  Safety approval o f  drawings. 

\ 
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m. Fissionable Material Packaging and Transportation. 

(1) The shipping organization is responsible for the safe 
packaging and shipping o f  fissionable materials 
until-it-is received and accepted by the 
organization. 

(2) Those with responsibilities in this area 
10 of Nuclear Criticality Safety Manual, 

35 
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must read chapter 
WHC-CM-4-29. 
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(2) Emergency Actions 

If criticality alarmsounds run out of the facility. 

Get at least 
proceed rapidly to the staging area. 

Separate into anti4 and nonanti-C clothing groups. 

A "Quicksort" will be performed by a HPT to: 

i) Check for (neutron/gamma) activation of sodium. (Na) 

ii) Determine who was close to the criticality accident. 

Must have Bui 1 ding Emergency Bi rector s (BED) permi ssi on to reenter 
the bui 1 ding . 

(100/1000) ft. away from the building and 

in the body. 
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0 .  Criticali ty Accident Dosimeters 

(1) Fixed station dosimetry is required i n  a l l  fissionable materle 
faci 1 i ti es. 

(2) A l l  personnel who enter an area w i t h  an installed c r i t i ca l i ty  alarm 
system shall wear a Personal Nuclear Accident Dosimeter (PNAD) 

(a) Both units are t o  characterize the radiation dose (gamma - 

> 

neutrons). 
(b) PNAD is t o  be replaced when: 

i )  Damaged i n  any way. 
i i )  Activatidn elements or f i l t e r s  become.lost o r  decrease t o  les? 

than the size of a pencil eraser. 
i i i)  Bar code number becomes i 1 legi bl e. 

(c) Return permanently assigned PNAD t o  WHC Dosimetry when i t  is no 
1 onger needed for work assignment . 
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p. F i re f ight ing 

To prevent c r i t i c a l i t y  accidents the methods use t o  f i g h t  f i r e s  are 
analyzed. Knowledge o f  the f i r e f i g h t i n g  res t r i c t i ons  are therefore 
needed by personnel 

Category A - An area wi th  no p o s s i b i l i t y  o f  c r i t i c a l i t y  i f  water i s  
used t o  f i g h t  f i r e .  No posting required. 

Category B - An area i n  which the use o f  water t o  f i g h t  f i r e  may 
v io la te a c r i t i c a l i t y  safety l i m i t ,  however double contingency w i l l  be 
maintained. Posting i s  optional. 

Category C - An area i n  which f issionable material i s  present i n  
amounts and configuration that  could be made c r i t i c a l  by the 
combination o f  f i r e ,  consequential conditions, the hddi t ion o f  water  
and concurrent .rearrangement o f  the f iss ionable materi a1 . The only 
forms'of water t ha t  may be used are high expansion foam, automatic 
spr i  nkl  e r  systems , - 1 i m i  ted water-vol ume systems , or .  hose fog nozzl es . 
Posting required. 

Category D - An area i n  which c r i t i c a l i t y  safety requires the exclusion 
o f  moderators. Only dry chemicals, gases o r  high expansion foam may be 
used. Posting required. 

I 
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q. Inspections, Audits,  and Appraisals 

(1) Conducting periodic inspections , audits, and apprai sal s 
t o  ensure that the required procedures have been followed 
and safety precautions are being taken. 

s 
’ (2) Normal: 

(a) Fissionable Material Facility - 
(b) Isolated and Limited Control Facil i t ies - quarterly 

(week1 y/mont h l  y) 

(3) The inspections shall be often enough t d  insure safe operations and i s  
based on level of activity a t  the facil i ty.  
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, 
r. Recovery from C r i t i c a l i t y  Prevention Spec i f ica t ion  (CPS) nonconformance t o  

maintain the safety envelope. 

(1) Nonconformance of a CPS: A condition outs ide  the boundaries o f  a CPS . 
caused e i t h e r  by commission o r  omissi on. 

(2) Types of  nonconformances: 

(a) Inf rac t ion  - A CPS requirement was breached, bu t  double contingency 
has been maintained and there is no realist ic way t o  cause a 
c r i t i c a l  i ty .  

(b) Violation - A s i g n i f i c a n t  l o s s  of  control  t h a t  e i t h e r  breached o r  
had a high probabi l i ty  of  breaching double contingency. 

(3) Recovery from a known o r  suspected nonconformance. 
(a) Static System - Leave the system as found and secure. The 

immediate loca t ion  sha l l  be physical ly  secured aga ins t  en t ry  by 
locking, i f  possible ,  o r  cordoned o f f  by ropes o r  o the r  means. 
Post warning s igns  a t  appropriate  l oca t ions  s t a t i n g  t h a t  entry 
requi res  permission from the operat ing organiza t ion ' s  manager. 

(b) Dynamic System - Promptly take whatever ac t ion  is necessary t o  
maintain o r  improve the s a f e t y  of  the system. Take only those 
ac t ions  necessary t o  s t a b i l  ire the system. In general ,  equipment 
should not  be s h u t  d o w n m t i l  i t  is determined tha t  the shutdown 
can be performed safely.  Safe  shutdown of  operat ion may be 
required by the recovery plan. The immediate. l oca t ion  s h a l l '  be 
physical ly  secured aga ins t  en t ry  by locking, i f  possible ,  o r  
cordoned o f f  aqd posted as (a) above. 

(c) Do Not do anything t h a t  could cause an increase  i n  r e a c t i v i t y  of  
the system, increase  the chance t h a t  a c r i t i c a l i t y  would occur. 
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Secure against entry and against working w i t h  fissionable materials 
i n  the problem area. 

(d) Immediately notify (immedi ate/l eve1 2) manager. 

(e) Manager notifies CSR and obtains other technical assistance 
required t o  determine if a no.nconformance has occurred. 

(f)  A recovery plan is written according t o  section 15 o f  WHC-CM-4-29. . -  
i )  If potential for c r i t i ca l i ty  exists, recovery shall be 

according t o  section 16. 

i i i)  

i i )  If recovery could increase reactivity then a written recovery 

If recovery wit1 not increase reactivity, everyone agrees, 
then recover first. T h i s  is t o  prevent a more serious 
problem developing while wr i t i ng  the written plan. 

plan shall be prepared. . 

(9) A review of the cause(s) of the nonconformance and a long-term 
corrective action p l  an shall be devel oped . 
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. . . . . , . 

s. Disarming/terminating a c r i t i c a l  o r  po ten t ia l l y  c r i t i c a l  sxstem. 

(1) Take no action t o  disarm o r  'terminate a c r i t i c a l i t y  except as outl ined 
i n  section 16, WHC-CM-4-29. Planned by experts a f te r  careful  review o f  
the situation. 

(2) I f  you suspect a "near miss" ex is ts  o r  an undefined system tha t  could 
be dangerous. Have the f a c i l i t y  evacuated i f  c r i t i c a l i t y  alarms have 
not sounded. 

(3) Building Emergency Director (BED) has the responsib i l i ty  t o :  

(a) Direct  emergency operations a t  the affected building. 

(b).Assemble a task force t o  assess the potent ia l  hazard and determine 
the method f o r  disassembly, disarming, o r  terminating the nuclear 
chain reaction. 

(c) Must have BED permission t o  reenter the building. 

(4) Area Emergency Director (AED) has the responsi b i l  i ty. to :  

(a) Direct  emergency operations i n  the affected area. 

(b) Give permission f o r  the disarming o r  terminating actions f o r  a 
c r i t i c a l  o r  po ten t ia l l y  c r i t i c a l  system. . . 
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ANSWER SHEET FOR CRITICALITY SAFETY HANAGER/MGINEER HANDOUT 

P. 2 A. 1 .  c. (1) two 

2.  a .  U-235, Pu-239 

b. U-235 

P.  3 4.  b. nucleus 
P.  4 5.  (1) Mu1 t i  pl i cati on 

(3) critical 

P.  5 B. 1.  radiation 

3. heat or energy 

P. 6 C.  1 .  mass 

a.  critical 

a. sphere 

b. leakage 

P.  7 c. increased 
(2) (a) 1 eakage 

d. decreased 

P.  8 3.  reflector 

a. decrease 

b. fission 

d. 112 

moderators 

a.  1000 

b. low 

(1) hydrogen 

(2) carbon 

(4) water 

4. 

I 
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P. 9 

P. 10 5. 

P. 11 6. 

P. 13 7. 

d. moderator, 
enri chment 

a. higher 
c. uranium 

concentration 
density 

a. h igh  

ref1 ector 

b. low 

P. 14 9. .. volume 
10. interaction 

b* (1) three 
P. 15 11. poison 

a. boron, cadmium 
12. neutrons 

p. 16 13. (1) neutron 
(2) (a) seconds 

(b) physical 

(c) leakage 
P. 19 1. a. personnel injuries 

p. 20 2. b. Nuclear Criticality Safety 

(1) .(c) i )  cri t icali ty 
i i i ) guidance 

P. 21 v) emergency 
P. 22 c. (2) (a) formal or classroom, 

quarterly 
'annual 

2 

two 



p. 23 d. (1) madagement 

P. 24 e (1) (c) contingencies 

(d) single 

P. 25 f. (1) Eva1 uat i  on 

(2) C r i t i c a l i t y  Prevention Specificatrion 

(3) C r i  t i .cal  i ty 

P. 27 h. (2) C r i t i c a l  i ty Safety Representat i ve 

(4) C r i t i c a l i t y  Prevention Specif icat ion 

45)  

P. 28 i. (2) 

(3) 

(4) 

(5) 

C r i t i c a l i t y  Safety Evaluation 

exempt 

i sol ated 

1 i m i  ted control 

f issionable material 

i) design 

P. 29 (6) (a) 

(b) 

maintained 

i n i  ti a1 ed 

( c ) .  c r i t i c a l i t y  safety 

P. 30 j. (1) (a) f i s s i l e  

(b) label  

(3) empty 

P. 32 1. (1) posi t ive (best) 

P. 33 (3) 

(4) 

1 i m i  t s  

Qual i ty Control 
I 

Independent 

(b) . C r i t i c a l i t y  Safety Representdive 

P. 36 n. (1) (a) rad iat ion . 
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(e) three . 

(f) blue 

(h)  25 
P. 37 (2) (b) 100 

(d) i )  neutron 
.P. 40 q. (2)  (a) monthly 

P. 42 (d) imnediate 
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Why DQ I Need t~ Know 
about Nuclear Criticality? 

Because nuclear criticality acci- 
dents can be injurious and poten- 
tially fatal. 
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YOU ARE RESPONSIBLE FOR YOUR 
OWN SAFETY 

LLNL management takes an active role in assuring 
the safety of personnel in their work. However, 
criticality safety is the responsibility of everyone in- 
volved in the processing of fissionable material. 

The employee is responsible for: 
e Learning the job procedure 
0 Stopping unsafe work 
0 Alerting management to  unsafe conditions 
0 Taking appropriate action in an emergency. 

VERY SPECIAL NUCLEI 

You may be working with some very special nuclei, 
such as uranium-233, uranium-235, or plutonium-239. 
The fissionable nucleus splits into two  new nuclei 
when it absorbs a neutron, and emits gamma rays 
and neutrons. If a large number of  fissions occur at 
once, exposure to the flood of gamma rays and neu- 
trons can kill or seriously injure you. 
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CHAIN REACTIONS. 0 

SUBCRITICAL CHAIN 

When a nucleus fissions, it emits neutrons-usually 
two, but sometimes more. One or more of these neu- 
trons can cause other fissions, thereby giving birth t o  
more neutrons. Thus, a fission chain is started. If, at 
some point, the last neutrons born in a chain fail to 
make fissions, the chain reaction dies out. Notice in 
the illustration that the last two neutrons have not 
made a fission, so the chain stops. This i s  called a 
subcritical chain. 

CHAIN REACTIONS.. . . 
CRITICAL CHAIN 

5 

0 

If one of the neutrons born of each fission causes on 
the average another fission, and this delicate condi- 
tion i s  sustained, then the fission rate stays constant. 
This happens in nuclear power plants and is described 
as the  reactor running at "just critical" or simply 
"critical." 
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CHAIN REACTIONS. . . 
SUPERCRITICAL CHAIN 

The chain reaction can increase rapidly if more than 
one fission Is made by the neutrons born from each 
preceding fission. This is the supercritical Condition, 
the condition that can send the flood of neutrons 
and gamma rays out in a short, powerful burst. The 
burst is usually termlnated by a sudden expanslon of 
the material. 

WHAT I S  A CRITICALITY ACCIDENT7 

A criticality accident is the unintentional creation of a 
supercritical condition. Criticality accidents may be of 
brief duratlont or may endure for hours. 

7 

. 

. 
*t 



a 
HOW CAN YOU TELL IF A CRITICALITY 
ACCIDENT HAS HAPPENED? 

Most of the time you can’t tell by just looking at  it. 
The configuration of the material will look the same. 
I t  looks just like you left it. In some cases, however, 
certain effects may be noticeable. 

. 
’ 

WHAT SIGNS OF AN ACCIDENT MIGHT BE 
NOTKED? 
Sometimes, the gamma radiation coming from the fis- 
sioning nuclei is intense enough to ionize some of the 
oxygen and nitrogen of the air. Some of the energy- - -  

may be emitted in the form of light. You may be able 
to see a flash. 
The gamma rays may dissociate some of the oxygen 
molecules near the assembly. The free oxygen atoms 
may then attach themselves to other oxygen mole- 
cules to form ozone, a substance which has a distinct 
odor. You may be able to smell ozone. 

You may hear a sound. The energy heats the metal 
causing it to suddenly expand. Liquid systems are 

‘ 

9 likely to splash. 
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CRITICALITY ALARMS 

Because you may not see, smell, or hear anything 
that tells you a criticality accident has happened, w e  
make sure you do hear something by providing a 
crltlcallty alarm-a klaxon. The alarm Is triggered by 
the neutrons or gamma rays that come from the 
assembly. When you hear It, run out the door1 Don't 
wait to turn anything off or put anything down. Just 
drop It, and run1 

HEAT AND RADIATION ARE RELEASED IN 
A CRITICALITY ACCIDENT 

When a criticality accident happens, the energy Is 
released throughout the material. The energy of the 
neutrons and gamma rays is carried out of the mate- 
rial and can reach people standing nearby. Thls Is the 
effect that can injure people. The heat, on the other 
hand, Is absorbed In the material and usually does Oit- 
tle damage. In liquids, however, there can be consid- 
erable splash. 



12 
IT 'S STILL DANGEROUS AFTER THE BURST 

When a criticality accident occurs, the initial burst of 
fissions may be over in a few milliseconds or less. 
After the period of supercriticality, the system will 
continue to emit harmful radiation. Staying near the 
material will increase your radiation dose. So, when 
you hear the criticality alarm sound (klaxon), run o h  
of the room and stay out until re-entry has been 
determined to  be safe. 

13 

DISTANCE LIMlTS THE EFFECTS OF AN 
ACCIDENT 

The distance between you and the radiation source is 
very effective in limiting injurious effects. Radiation 
dose falls off approximately as the inverse square of 
the distance. For example, if you are 30 feet away 
instead of 3 feet, your dose will be reduced t o  
1/100th of  the rate at 3 feet because 30 feet i s  
10 times as far as 3 feet and the square of 10 is 100. 
The dose levels shown here are for a burst of 1017 
fissions. 

I 90 rad 

900rad 9 
9000 rad 

I AS 30 
ft Q 

I 

\\ 
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THE CONSEQUENCES 

50 rad: 
100 rad: 

200 rad: 

400-500 rad: 
Over 600 rad: 

Detectable in the blood. 
Some of the people would 
lose hair. 
Almost everyone would become 
very sick. 
Death would be possible. 
Death woufd be very likely. 

HOW DO WE CONTROL PROCESSES S O  
THAT ACCIDENTS ARE AVOIDED? 

Use these six controls 

1. Limit the mass. 
2. Control the shape. 
3. Maintain separation. 
4. Control moderation. 
5. Control reflection. 
6. Use neutron poisons. 

Now, let's look at each of these in more detail. 
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1. LIMIT.THE MASS 

If the amount of fissionable material is small, the 
neutron may succeed in leaking from the system. 
Remember, most of what w e  regard as solid material 
is really empty space. (For example, if a nucleus In a 
solid piece of plutonium is represented by a ball one 
mile in diameter sitting on the surface of the earth, 
the next nucleus would be out at the distance of  the 
moon. That's a lot of empty spacel) As more fission- 
able material is added, the path through the'material 
gets longer, and the chance for a collision increases. 
Finally, an amount is reached that makes the assem- 
bly critical. The Operational Safety Procedure speci- 
fies the maximum amount of fissionable material that 
can be used. Don't exceed it. 

2. CONTROL THE SHAPE 

Shape controls (affects) leakage. The farther the neu- 
tron has to travel through the material before it can 
escape, the more likely it is that the neutron will 
collide with a nucleus. Long paths mean a high likeli- 
hood of fission; short paths mean a smaller likelihood 
of fission. The sphere i s  the most effective shape for 
achiet ing criticality, because it has a minimum 
surfac :-to-volume ratio. This results in minimum 
neutron leakage for any mass. 
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4. CONTROL MODERATION 

Materials that are effective in slowing neutrons down 
are called muderarum The illustration shows some 
good moderators which all contain lightweight 
atoms. Moderation is important because slowed neu- 
trons are about a thousand times as likely to cause 
fission in uranium or plutonium as are high-speed 
(fast) neutrons. Consequently, it is possible that a 
non-critical mass of fissionable material with fast 
neutrons would be critical in the presence of 
moderators. 
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WHArS GOING ON? 
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To understand what's going on, to  know why fis- 
sionable material behaves differently as circumstances 
change, one must examine the behavior of neutrons. 
Some factors that influence the behavior of neutrons 
are: mass, shape, separation, moderation, reflection, 
poisons, and denslty of fissile material. Each of these 
factors will be considered in the following discussion. 

WHERE ARE THE NEUTRONS? 

Neutrons, along with protons, reside in the nuclei of 
atoms. The nucleus of plutonium-239 contains 145 
neutrons and 94 protons. Together, they make up 
the isotopic weight of the Pu-239 nucleus, that is, 
145 f 94, or 239. 

. '  
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WHAT H A P P E N S  TO N E U T R O N S ?  

Five important things can happen to neutrons: 
1. 
2. 

3. 

4. 

5. 

They can cause fissions. 
They can be scattered (with an energy loss and a 
change in direction). 
They can be captured by a nucleus and simply 
dlsappear. 
If a neutron escapes absorption for a long 
enough time, i t  will spontaneously decay into a 
proton and an electron. The half life for this pro- 
cess is about 10.6 minutes. 
They can leak from the system and be lost. 

NEUTRONS CAN CAUSE F I S S I O N S  

When a neutron is born from fission, it is moving at a 
very high speed. If it bumped into nothing along the 
way, it could go over 8OOO miles in one second. 
When a neutron goes through material, however, 
there are many atoms in the way, about l0,OOO 
billion billion atoms in each cubic centimeter. With so 
many opportunities for a collision, a fast neutron will 
typically travel a few cm before striking a nucleus. Of 
the material is fissionable, the collision could result in 
absorption of the neutron usually followed by a fis- 
sioning of the nucleus, producing more high-speed 
neutrons. 

27 
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NEUTRONS CAN BE SCATTERED 

Scattering occurs when a neutron hits a nucleus and 
bounces off. This always results in some energy being 
lost by the neutron. The amount lost depends on the 
mass of the nucleus. For heavy nuclei the energy loss 
is small. This Is very much like a cue ball hitting a 
bowling ball. The cue ball bounces off without much 
loss of speed. On the other hand, if the neutron hits 
a hydrogen atom, which weighs about the same as a 
neutron, the neutron can lose a lot of energy. That's 
like a cue ball hitting another billiard ball. The cue 
ball could stop dead. 

NEUTRONS CAN BE CAPTURED 

If a neutronhn't scattered when it hits a nucleus, it Is 
absorbed. If fission doesn't occur, a gamma ray is 
emitted and the nucleus has permanently captured 
the neutron. All nuclei, even fissionable ones, capture 
neutrons to some extent. 

Some nuclei, boron and cadmium in particular, are 
very effective at  capturing slow neutrons. Such. nuclei 
are called neutron poisons because they capture so 
many neutrons in an assembly. But, since they are 
not particularly good at capturing fast neutrons, pol- 
sons are only useful In systems in which neutrons are 
slowed down. 
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DEPLETED URANIUM 
(D-38) 

HOW MUCH DOES IT TAKE TO GO 
CRITICAL? 

The critical mass is the mass of fissionable material 
that is critical under specified conditions. 

Depleted uranium (D-38) is what's left of natural ura- 
nium after some of the 235U has been removed. A t  
th is  point, it is typically 99.75% 238U. With so much 
238U present, most of  the neutrons born from fission 
in the 235U are captured in the 238U without causing 
fission. Furthermore, the 235U nuclei are so widely 
separated because of their low concentration that 
even a mountain of 
D-38 is subcritical. 
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LOW-ENRICHED URANIUM 

Many nuclear power plants in the U.S. use iow- 
enriched uranium as fuel. The water used to cool the 
reactor moderates the neutrons, and the neutrons are 
then able to cause fissions more readily. This 
increased likelihood of causing fissions, and the geo- 
metrical arrangement of the uranium and water, 
make it possible to achieve criticality in the presence 
of so much '"U. 

NOW LOOK AT SOME MINIMUM CRITICAL 
MASSES 

The materials that concern us are 235hJ, '%, and 
239Pu. These materials can be critical in very small 
amounts. In the following Illustrations, the materials 
will be bare, immersed In water, or dissolved in an 
aqueous solution. We'll use spherical shapes because 
they give the smallest critical masses. Notice that 
under slmilar conditlons 235U always has the largest 
critical mass and 239Pu always has the smallest. 
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SOLID SPHERE IN AIR 

For those neutrons that escape through the surface . 
of the sphere, the air provides almost no  reflection or 
moderation. The neutrons continue to move away 
from the spheres. Consequently, the critical masses 
are larger than they would be if reflection or moder- 
ation were present. 

SOLID SPHERE IN W T E R  

Water reduces the amount of solid, fissionable mate- 
rial needed to go critical by about a factor of two. 
The neutrons are partially moderated and some are 
reflected back. Compare these masses with those for 
air. 
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SPHERICAL SOLUTIONS IMMERSED IN 
WATER 

When the flsslonabie material Is dissolved In a 
water/acld soiution, the amount needed to  go criti- 
cal Is quite small. The neutrons are fully moderated 
and many are reflected back into the solution. Com- 
pare these numbers wlth the previous ones. 
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procedures.to follow . ,  'wh,en handling . .  ffsdon.abie" " . ,  . 'mater!gl. , ' , ,  . , ,  ' The Fissile Material Card at the work station glves. * 

"theymass and.iiquid limits. These limits must be I , 

obeyed. The Mass Control Record Card;also at,the ' 

work station, speclfles the sequence of steps that 
~ . must be followed in identifying the fissionable mate- 

rial and verifying Its mass before putting It into a 
glove box. 
Careful attention to procedures, and a knowledge of 
what Is happening in the nuclear processes, will help 
you work safely with fissionable material. 
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FUNDAMENTAL CONCEPTS 
AND SIMPLE FISSIONING SYSTEMS 

Thomas P. McLaughlin 

I. I N T R O D U ~ O N  

To accommodate the diverse levels of both experimental and theoretical 
knowledge of nuclear matters of those participating in this course, basic concepts 
and nomenclature wi l l  be introduced, but mathematical developments will, in 
general, not be presented. References are given for those who may wish to explore 
the mathematics and physics that underlie the materials covered herein. However, 
this course has been and wi l l  be of inkiest to people of various backgrounds, and 
therefore departures from and/or elaborations of this textual material will be made 
as the questions raised by the participants demand. 

Wherever appropriate, the fundamental processes and concepts will be W e d  
and amplified through examples. Additionally, the tie-in between these somewhat 
abstract concepts and the real world of criticality safety will be emphasized and 
reinforced, particularly by the experimental sessions, so that they can later prove 
useful in guiding your thoughts and decisions concerning the criticality aspects of 
a particular degign, modifications to an eisting design, a particular operation, 
changes in a particular operation, proposed new operating procedures, and so forth. 
Two important goals of this course are to convey sufficient awareness of factors 
that affect criticality, and the consequences of accidental nuclear excursions so that 
realistic, meaningful balances between risk and benefit can be achieved. . It is 
dangerously misleading to imply or believe that risks can be entirely eliminated 
in any endeavor. What we should strive for is knowledge and perspective which 
can be applied to maintain risk at an acceptably low level. 

IL CRITICALITY SAFETY VERSUS RADIATION SAFETY 

The distinction between these two areas of safety concern should be made clear 
from the outset. There are thousands of radioactive species in the world, most of 
which have been manmade during the last few decades, but a few are naturally 
present in our environment, stemming b m  the origin of our planet. . All 
radioactive materials possess some potential for being hazardous to your health, 
and thus appropriate care should be exercised when working.with them. On the 
other hand, criticality safety concerns itself with only a few of these radioactive 
species --.for most practical purposes only with plutonium and uranium. 

For example, tritium (symbol "H) is radioactive and potentially hazardous if it 
somehow gets into the body. Tritium cannot, however, undergo the fission process 
(as can uranium and plutonium), and thus the radiation emitted b m  a e e d  
quantity of tritium can never increase but can only decrease with time. In 
contrast, the rate at which radiation is released b m  uranium or plutonium (due 
to the fission process) can be increased or decreased by varying its condition or 
environment, tbpt is, by changes in the geometry of the specimen, addition or 
removal of surrounding materials (hands, water, etc.), and concentrating or 
diluting, as with solutions. 



Since penetrating.radiation (neutrons and gamma rays) is emitted with each 
fission event, the radiation exposure one is subjected to will rise and fall with-the 
fission rate. Under normal operations involving the handling and processing of 
plutonium and uranium, the multiplication factor of a system (to be defined later) 
is kept well below unity (typically in the range 0.1 to 0.8). If during an accident 
situation the multiplication factor should exceed unity, then the fission rate % i 
rise extremely rapidly with little or no time for an operator to react be. o 
inherent, natural mechanisms wil l  reduce the fission rate. If this were to IF r, 
then the radiation exposure could be substantial or lethal even though the dw .an 
of exposure will likely be much less than one second and no or minimal meck icz! 
damage wil l  result. 

Criticality safety, then, is concerned with plsnning and conducting operations 
with uranium and/or plutonium in such a manner that the multiplication factor 
remains well below unity at all times, i.e., that a nuclear excursion will not occur 
under both normal and credible abnormal conditions and may reasonably be 
designed against. 

IVshould be stressed that criticality safety, like other safety areas (vehicular, 
eledrical, falls, fire, etc.), should be taken seriously, but only in proportion to the 
potential consequences, and further only when weighed against the other areas of 
safety. For example, if one were to calculate (or even hypothesize) that during an 
extreme earthquake the uranidplutonium associated with a certain operation or 
system could rearrange itself so that the state of criticality of the rearranged 
material could exceed unity, then one might argue that this situation should be 
designed against. However, it would not generally be cost effective to spend time 
and money designing against the criticality if the postulated earthquake is of 
sQicient severity to destroy the building. The reason for this is twofold the 
collapsing building wi l l  likely kill any occupants, and the consequences of 
accidental criticalities are not mechanically damaging and are localized to within 
a few meters of the event. Thus, pekonnel even in an adjoining room have never 
received lethal radiation exposures fivm a criticality accident. 

IIL NOMENCLATURE AND BASIC PROCESSES 

We ate concerned with the behavior of neutrons in material. A neutron is a 
chargeless particle of approximately the same mass and size as a proton, or if 
you will, the same as the nucleus of an hydrogen atom; namely, 

M, = 1.7 x 10-=kg 

and a diameter of 

D, = 2.4 x 1@I6rn.  

To put these small quantities in perspective it is useful to consider the relative 
sizes and masses of neutrons and nuclei of atoms. On a relative d e ,  the neutron 
and proton (hydrogen nucleus) have a mass of 1, and all other nuclides have 
relative masses equal to their mass number. For example, "Pu has a mass equal 
to 239 times the neutron mass, and '2c has a mass equal to 12 times the neutron 
mass. 

Now consider sizes and distances. For our purposes, we may treat neutrons 
and atomic nuclei as spheres whose diameters, D, vary according to DA = DAm, 
where A is the .atomic number. Thus, aluminum, which is 27 times as massive 
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as a neutron (A = 27), has a nucleus whose diameter is only 3 times as great as 
that of a neutron. The "heavy" elements such as uranium and plutonium have 
nuclei about 6 times as large as the neutron. Finally, consider distances between 
atomic nuclei. These are typically 1-5 x la1' m. Thus the distance between nuclei 
is about ten thousand times as large as the size of the nucleus itself! For 
example, if a neutron were the size of a pea, then the distance between the nuclei 
of adjacent atoms would be the length of a football field. 

Consider a neutron impinging on a slab of alumhum as shown in Figure 1. 
The neutron may or may not interact in the slab. If no interaction-occurs then 
the neutron is said to have leaked from the slab, or the process is referred to as 
leakage. If an interaction does occur, then it may be a scatter process or an 
absorption process. 

1 
0" 

Air Air 

Figure 1. Basic neutron interaction modes. 

During scatter, the neutron's direction and to some extent its energy (speed) 
change but continues on until finally the neutron is either absorbed or it leaks out 
of the slab. The absorption process captures or absorbs the neutron. The result 
of this absorption process is a new, radioactive form of aluminum with a nuclear 
mass of 28 units. But for our purposes the important-fact is that a neutron was 
lost to the system forever. The subsequent radioactive decay of mAl does not 
release a neutron but instead an electron. The absorption process is often 
represented in equation form as 'n + nAl =Al, where the plus sign (+) signifies 
absorption. 

A simplistic description of the scatter and absorption processes may be to 
visualize the former as hard sphere collisions, e.g., a marble (the neutron) bouncing 
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off (scattering) a billiard ball (the nucleus of the aluminum atom), while the latter 
may be thought of as one sticky gumball (one that has been well chewed - the 
neutron) colliding with and sticking to (being absorbed by) a larger sticky gumball 
(again, the nucleus of the aluminum atom.) Strange as it may seem, the neutron- 
nucleus collision may behave like a marble bouncing off a billiard ball one time 
(Le., scatter process) and then two sticky gumballs the next (Le., absorption 
p-). 

Although one cannot be s m  what the outcome of a particular neutron-nucleus 
interaction wi l l  be, all is not lost. Measurements, aided by b r y , ' h a v e  been 
performed that have told us probabilities or likelihoods of particular modes of 
interaction per atom. 

The v8LiouB interaction processes have been both measured and theoretically 
predicted in terms of the probability of a parti& event per target atom or in 
terms of the total probability of all interaction events per target atom. A near- 
universal name for these probabilities is the term e m s  section. The cross section 
(or probability) for a partidar event is'generally reported in units of barns (1 
barn = 10% cm2) and given the symbol sigma (a). For most interactions of interest 
to us, the c r m  section (per atom) generally liw within the range 0.001 to 1000 
b, or lon to lap cm2. 

Note that 10% an2 is roughly equal to the geometric cmss-sectional area 
subtended by the nucleus of an atom. However, the similarity ends there. Actual 
-8 sections generally vary substantially: 

h m  material to material and isotope to isotope, 

with the energy (speed) ofthe incident neutron, and 

with the type of pmcess (scatter, absorption). 

Look at a fhw examples of cross sections sipown in figums 2, 3, and 4. 
Although it is Mdt to make generalizations about amy sections, two that are 
reasonably consistent are: the absorption d section rises steeply at low neutron 
energies, and scatter 4088 sections are usually slowly varying and reasonably 
independent of the energy of the neutron. 





SCATTER CROSS 2>'ECTIoNS 

k s t  Neutron Region Neutron Energy,  MeV Thermai k u h n  Region 

ZAID = 92235.50C 
U - 235 
From RMCCS' 

- --- 
ZAID = 92238.50C 
U -238 
From RMCCS 

-.- -.- 
ZAID = 94239.55C 
Pu - 239 
From RMCCS 

...................... ........... 
ZAID = 94242.50C 
Pu - 242 
h o r n  ENDF: P2 





The fission process, that has not been mentioned.u.ntil now but is indicated on 
Figure 5 for T J ,  is actually a subset of the absorption cross section for the heavy 
elements (uranium, plutonium, thorium and other heavy elements). For these 
heavy elements, the absorptioncross section can be subdivided as: 

Absorption = Capture + Fission (heavy atoms only). 

That is, the fission cross section is zero for all other (lighter in atomic mass) 
elements at neutron energies of interest. 

20% 
236 U (Capture) 

80% 

Figure 5. Neutron interaction with uranium. 

The percentages shown indicate that roughly one time in five (20%) the 
absorption leads to a atom, and the remainder of the time (80%) the neutron, 
upon being absorbed by the nucleus, wil l  cause the nucleus to immediately 
blow apart (fission). The products of .this fission event ak typically two rather 
heavy atoms, called fission hgments or fission products, and a few neutrons. The 
significant result of the fission event is the liberation of neutrons, which can then 
propagate the fission process in other .=U nuclei. This propagation is generally 
referred to as a chain reaction. Expressed differently, then, our goal in criticality 
safety is designing systems and planning operations such that fission events (which 
also occur naturally in uranium and plutonium) lead to chain reactions that die 
away with time rather than grow. 

A. NEUTRON ENERGY AND SPEED 

Let us turn for a minute to the neutron's energy and its time of emergence 
subsequent to a fission event. Neutrons are "born", Le., emerge from a split 
nucleus, as "fast" neutrons, and have energies in the 1-3 MeV (million electron 
volt) range. The vel&@ of a 1-MeV neutron is -13 million (1.3 x 10') meters per 
second (ds). At normal room temperatm (-2OoC), molecular motion energy is 
only 0.025 eV. If neutrons are slowed down (by way of collisions with other nucleii 
to this energy, then their speed is reduced to -2,000 d s .  That neutrons can be 
slowed down and the import of this fact to criticality safety wi l l  be made clear in 
subsequent sections. 
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B. PROMPT AND DELAYED NEUTRONS. 

Nearly all neutrons that are born as a result of fission events appear 
essentially instantaneously. That is, within 10'' seconds after the fission event is 
detected, the neutrons may also be found (detected). These neutrons are known 
as pmmpt neutrons: The number of prompt neutrons which are released,with any 
particular fission event may vary from 0 up to about 6, i.e., it has a statistical 
nature. But one can characterize the average number of prompt neutrons per 
fission by experimentally observing a large number of fission events. Tor the two 
most common fissioning species, these data are: 

and 
=U - 2.5 neutrons per fission 

T u  - 3.0 neutrons per fission. 

These values depend slightly on the energy of the neutron that causes the 
fission, but this dependence is generally unimportant for criticality safety purposes. 

A very small percentage of the time, however, a neutron may not be born until 
seconds or tens of seconds after the fission event has occurred. These neutrons 
arise h m  the radioactive decay of certain fission products and are known as 
dehyed neutrons. 

An example of delayed neutron emission is given (Fig. 6) by the decay scheme 
for 9 r .  Note that the half-life for "'Br decay is 55 seconds and that not every 
decay proceeds h m  neutron emission. If the decay does follow the route '7Br to 
% (excited), however, then a neutron will appear almost simultaneously with the 
9 r  decay, because the M-We of the '%r (excited) is short compared to 55 
seconds. 

87 Br (55.6 sec) 

"E (excited) 

Kr 87 

Rb 87 

Neutron 
Emission 

87Sr (stable) n 

"Kr (stable) 

Figure 6. Example of delayed neutron emission. 
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The &actions of all neutrons born subsequent to the fission process which are 
prompt (and delayed) for %U and T u  are as follows: 

Element Prompt 

0.993 

0.997 

Delay& 

0.007 

0.003 

These are average numbers which result fmm obsenring many fission eve. 3. 
Although this relatively small fraction of neutrons that is delayed is gt. erally 

not important in criticality safety considerations, it is all important in permitting 
control of the chain reaction, e.g., in controlling the fission rate in a reactor. Thus 
its significance will be discussed more my later and emphasized in the 
experimental sessions when we actually our critical assemblies (zero power) 
here at  Pajarito Site. 

IV. SIMP= FISSIONING SYSTEMS 

There are many forms in which fissionable material is processed, handled, used, 
etc. Examples are: 

0 

0 

e 

0 

solid metal (spheres, cubes, cylinders, slabs, etc.), 

ceramics (UO, UC, PuC, UBe,,,,,, UC,, for reactor fuel), 

foils, turnings (from machining operations), and 

solutions (chemical reprocessing). 

Although this list is not complete, for illustrative purposes let us consider two 
extremes: solid metal and hydrogenous solutions. That these are indeed extremes 
will be brought out later. Ceramics and foils generally possess the neutronic 
characteristics of solid metal systems; however, if the fissionable material is very 
dilute, e.g., UC,, or thin foils interspersed between layers of 'par- 
(hydrogenous), then, the system has solution-like characteristics. The determining 
factor whether or not a system behaves neutmnidy like a solid metal or solution 
is the degree of dilution of the fissionable species ( T J ,  2sgpu) with other (usually 
light) atoms. Tspical solutions contain H : =U ratios of a few hundred to one. 
Obviously, there are systems that lie between them two simplified extremes of 
solid metal or solution, but knowledge of these two bounds wi l l  enable a reasonable 
understanding of any intermediate system, such as metal turnings in a waste 
container that was accidentally f l d e d  with water or oil. 

There is one further subdivision of these two limiting types of systems that is 
of interest. Again, for purposes of understanding basic processes and concepts, a 
system can be considered bare (not reflected) or reflected. The terminology here 
refers to whether neutrons upon leaving (leaking) fkom a fissioning system can 
scatter off surrounding material (actually the nuclei of the atoms thereof) and 
return to the fissioning system. Although in reality no system can be considered 
100% unreflected, since even air will scatter some neutrons, it is convenient to 
consider this a limiting situation since many systems are for all practical purposes 
bare. Examples are the Godiva-IV and Jezebel assemblies at Pqjarito Site and 



reprocessing solutions in thin-walled tanks. Recall that the total interaction cross 
section is different for each material and is also dependent on neutron energy, but 
on the average, neutrons will travel h m  1- to 10-cm in a dense mateial before 
interacting. Idealized systems of these four categories (solid metal and solution 
both bare and reflected) will be discussed individually in the following sections. 

k SOLIDMEI'AL-BARE 

Although one generally must speak of average properties of a system, such as 
the average scattering cross sections or the average number of neutrons per fission, 
for a moment consider a single neutron and take the neutron's perspective as it 
travels in a system containing only uranium or plutonium atoms. Recall that a 
neutron travels only in straight lines between scattering events until it eventually 
leaks out of the system or is absorbed by a uranium (plutonium) nucleus. Looking 
at the scattering process on a relative basis, one realizes that since the uranium 
or plutonium nucleus is -238 times as massive as the neutron, the situation may 
be likened to a fast moving marble striking a stationary billiard ball. The latter 
will not move perceptibly, while the former will bounce off in some direction with 
essentially the same speed it had before the scatter event. 
Now, consider a system consisting of =U metal pieces, e.g., on a bench and in 

a geometric arrangement such that the following averages characterize the system: 

Leakage probability 
Absorption probability 

Total "loss" probability 

= 0.5; 
= .0.5; 

= 1.0. 

These system probabilities are not to be confused with the microscopic cross 
sections discussed previously. The distinction is that these system (average) 
probabilities are determined by both the microscopic cross sections and the physical 
arrangement of the system. As we mentioned earlier, the cross section is 
dependent only on the neutron's speed or energy for a given target atom, but 
obviously whether or not a neutron is absorbed in a 10-kg piece of pure metal 
or leaks out clearly depends on the shape of the 10-kg of T J .  For example, as 
a dense sphere about the size of a grapefruit, there is a fair chance that a neutron 
will be absorbed by a =U nucleus before leaking from the sphere. On the other 
hand, that same 10-kg uranium, when made into a thin foil 0.2- thick and 10- 
cm wide, would have a length of 535 cm. Clearly if this foil is laid flat (as 
opposed to being all coiled up like a watchspring), then a neutron born in the foil 
by natural radioactive decay wi l l  have essentially a 100% likelihood of leaking from 
the uranium. Note that a neutron may undergo many scatter events-before 
leaking h m  the system boundaries, but for the purpose at hand, a scatter event 
is essentially a nonevent, since the neutron changes its direction only, not its 
energy (speed). 

Following this example further, imagine a snapshot to be taken of the system 
at an instant in time that revealed 100 neutrons to be zipping around within the 
system boundaries. Although each individual neutron will either be absorbed or 
will leak out of the system at a slightly different time subsequent to the snapshot, 
the average lifetime of all the prompt neutrons from their time of birth to either 
absorption or leakage fhm the system can be thought of in much the same way 
we think of human lifetimes and generations. 
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With the given probabilities, how many second-generation prompt neutrons wi l l  

Leak out = 100 x 0.5 = 50 neutrons 

arise from these 100 first-generation neutrons? 

Absorbed = 100 x 0.5 = 50 neutrons 

This accounts for all of the first-generation neutrona; however, of those 50 4 ;it 
areabsorbedtherewillresult 

Capture = 50 x 0.2 = 10 neutrons, 

Fission = 50 x 0.8 = 40 neutrons, 

and 40 fission events on the average will yield, 40 fissions x 2.5 neutrons per 
fission = 100 second-generation neutrons; 

Intthis simpmed example, the prompt neutrons have exactly reproduced 
themselves, and since we are neglecting delayed neutrons h m  the present 
discussion, this leads us to the definition of the multiplication factor and state of 
criticality. 

k i multiplication factor 

i number of fission neutrons in ament generation divided by the number 
of W o n  neutrons in the previous generation. 

For this example (and 4 that delayed neutrons have been omitted from the 
discussion), the multiplication factor is 

k = 100 i 100 = 1.0 (critical) 

Additionally, if 

k 1, the system.is said to be subcritical, and if 

k > 1, the system is said to supeetical. 

With thie simple system that is exactly critical, let us imagine that the average 
probabiLitiea that characterize the system are suddenly changed to 

-geprobabilitp. = 0.4, 
Absorption probability = 0.6, 

Total "l~es" pmbabiliQ = 1.0. 

This sort of change could occur due to the addition of i o r e  material to that 
already present or memly reama@q the existing material (such as bringing 
pieces together) or due to a change in any other material near the uranium 
piece<s>. 



Now let us calculate the state of criticality of this system. 

Leak out = 100 x 0.4 = 40 neutrons 

Absorbed = 100 x 0.6 = 60 neutrons 

As before, of those 60 that are absorbed by nuclei there results 

Capture = 60 x 0.2 = 12 neutrons, 

Fission = 60 x 0.8 = 48 neutrons, 

and on the average, 48 fission events wi l l  yield 48 fissions x 2.5 neutrons per 
fission = 120 second-generation neutrons and 

k .= 120 + 100 = 1.2 (supercritical). 

Thus we have made a physical change to our system that resulted in the 
multiplication factor going fiom 1.0 to 1.2, i.e., our system has changed from 
exactly critical to supercritical. The consequence of this is that whereas before the 
neutron level in our system was just maintaining itself, now with each generation 
the neutron population (and fission rate) is increasing by a fador of 1.2. The 
detailed implications of this k = 1.2 on the actual rate of rise in the neutron 
population will be examined in Section V. Suffice it to say here that the fission 
rate will rise in much less than 1 second to a level such that overheating wil l  
ocm, causing the fission rate to reduce itself, but only after a substantial number 
of fissions have occurred - accompanied by large (and possibly fatal) neutron and 
gamma-ray exposures to personnel in the immediate vicinity. Let us turn now to 
a second idealized system. 

B. SOLIDMETAL-REREFLECTED 

For this example imagine that a sphere of =U was undergoing various 
mechanical tests in a generally unreflected geometry (i.e., on a bench). Then, due 
to a procedural mistake the sphere was inadvertently enclosed in a thick shell of 
some heavy-atom material (iron, lead, tungsten, etc.). The reason for specifying 
a heavy-atom reflecting material is so that neutron slowing down via scattering 
can be neglected. 

Assume that in its unreflected state that the average pmbabilities 
characterizing the sphere are: 

Leakage probability 

Absorption probability 

The multiplication fador in this state is then, 

= 0.6 

= 0.4. 

k = 1.0 x 0.4 x 0.8 x 2.5 =iO.8 (subcritical). 

Now, as a rule of thumb, a good reflecting material which completely enclosed 
a system can make as much as a factor of 2 change in the critical mam, which is 
defined as "that amount of material that will just sustain a chain d o n  (k = 



1.0) for the stated conditions." For compact geometries, a factor of two change in 
the fissile mass CorrespOnds roughly to a multiplication factor change of 25%. 
Thus, assume in the reflected state our probabilities are changed to 

hakage probability = 0.5 

Absorption probability = 0.5 

The multiplication factor has then changed to 

k = 1.0 x 0.5 x 0.8 x 2.5 = 1.0 (Critical) 

Here we see that a system which was initially quite subcritical in its normal state, 
k = 0.8, t e  critical because of a postulated operational error. As a factor of 
two change in the mass of material required for critical is about the most that 
can be achieved in going from bare to well-reflected, for any system, operations are 
generally designed and planned such that for normal operating conditions k < 0.5. 
Then, in the event of an inadvertent reflection, such as a result of water flooding, 
the state of criticality, although it may increase by as much as 10 or 2095, wil l  still 
be well below unity; that is, the system will be subcritical. 

The two idealized systems we have just covered am often described as fast 
systems, the adjective referring to the velocity (-1.3 x lo' d s )  of the neutrons 
that cause the majority of the fussions. 

The next two systems to be discussed are often characterized as thermal 
systems since the velocity of the neutrons causing fission is about 2,000 d s ,  which 
is the velocity of molecular motion at mom temperature. 

Although we often associate the word liquid with the definition of a solution, 
for our purposes we take the more general interpretation, which includes mixtures 
of soli& and possibly gases. As we mentioned previously, the constituents need 
not be intimately mixed in order that the system have the neutronic ChaFaCtmiptics 
of a solution. All that is necessary is that a neutron will typically scatter many 
times with diluent atoms for every interaction with a &sile atom. Examples are: 

plutonium nitrate (100 g/l Pu), H : PU - 250 : 1, 

uranium + beryllium mixture; Be : U - 100 : 1, and 

0.075-mm-thick uranium f& interspersed between 12.7-mm-thick 
Lucite plates. 

I 

The discussion that follows is restricted to solutiom in which the diluent atoms 
have low atomic weights, Le., the light atoms. This category generally includes 
atoms up to and including carbon (A = 12). The distinguishing h t u m  of thme 
solutions is that fast neutrons may lose appreciable amounts of energy when 
scattering off the diluent atoms. Since there are many more diluent atom than 
fissile atoms in a solution, there is a high likelihood that a fast neutron (-1 MeV) 
wi l l  scatter many times with the diluent atoms and thereby lose energy until the 
neutron finnlly attains an energy roughly equal to that of the atoms and molecules 
in the system. For a system at 20°C, this is 0.025 eV (2,000 ds). 
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This neutron which has been moderated (thermalized) wi l l  now move about in 
the system until it either leaks out or becomes absorbed by one of the diluent 
nuclei or by a iissile nucleus. Although this is also exactly what fast neutrons do 
in a metal (moderated) system, there is a very important difference. 

The relative cross sections of the nuclides - in particular the fissile nuclides - change dramatically with the energy of the neutron. Recall the figures 
depicting this dependence on the energy of the neutron (Figs. 2, 3, and 4). While 
the probability of a scatter event in =U has stayed relatively constant over the 
entire energy range (10 MeV + 0.01 eV), the absorption cross section is -100 times 
greater for thermal neutrons than for fast neutrons. Thus, a thermal neutron is 
much more likely to be absorbed during any one interaction with a =U nucleus 
than is a fast neutron. Put another way, the fast neutron is much more likely to 
scatter a few or perhaps many times and eventually leak out of the system than 
a thermal neutron, which will likely not scatter but be absorbed, 

To illustrate the dramatic effect the thermalization of neutrons can have, 
consider the following, which compares; the minimum critical =U mass for bare 
spheres of uranium metal and solutions of W u m  and water. 

I 

1 

I 

1 

1 
1 

I 

I 

Metal Solution 

=U Mass, kg 48.7 1.6 

These numbers'show a factor of 30 difference in the Critical masses of these 
two systems. The uranium used in the calculations that yielded these results is 
standard Oralloy or U(931, that is, 93.2 wt% =U, -5.8 wt% T J ,  and -1 wt% W. 

If one were to perform calculations with uranium that was 100 wt% =U then 
these values would be reduced slightly. Conversely, as the fraction of the 
uranium is reduced, the critical mass increases rapidly. As a ha l  example of an 
idealized system, consider fissile material reflected by a low-atomic-maso material. 

D~MEXAW OR SOLUTIONS REFLECTED BY MATERIALS OF LOW 
ATOMIC MASS (A S 12)' 

This system introduces nothing new in the way of basic concepts or processes. 
The significance of considering this system is linked dirermy to criticality safety. 
As has been previously mentioned, the critical masses of bare syetems am 
potentially as much as twice as large as the critical masses of weU-reflected 
systems. Put another way, if a bare system has a multiplication factor of -0.8 and 
it is inadvertently (accidentally) reflected, the increase in the multiplication fador 
may be sufficient for k to exceed unity. 

System changes that lead to undesired increases in the state of criticality are 
designed against, if they are recognized a priori and if considerations of the 
likelihood of occurrenm and the cost and inconvenience associated with the design 
changes warrant it. A typical example of a consideration that is always given to 
bare systems is the possibility of flooding, i.e., reflection by water. "his is because 
water is a good reflector, and it can completely surround the system in question 
easier than any solid material could. Events such as mof leaks, water pipe 
ruptures, and drain plugging can and do happen. On the other hand, reflection 
by some solid materials can lead to increases in the multiplication fhctm even 
greater than water reflection can, but this would nearly always require grow 
procedural and human factors errors in judgment and generally could not occur 
accidentally. 
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V. TIME BEHAVIOR OF FISSIONING SY- 

During, routine operations involving fissile materials (excluding reactors), the 
multiplication factor is held far below unity. X .:.+ adtipS-:.ztion factor is' 
changed, then the rate of occurrence of fissions will also change. 'd 1 analyzing this 
temporal behavior h m  a practical criticality safety standpoint, only prompt 
neutrons need be considered. However, to provi& a more thorough grounci;vork, 
especially for the experiments to be conducted during this course, let us examine 
the importance of delayed neutrons in cmtrolling the fission rate (i.e., gbwer level) 
in systems that are intentionally brought almost e0 or slightly in excess of a 
&tical state (k = 1.0). 

Consider the possible range of k for uranium and plutonium systems, as 
indicated in Figure 7. The upper limit on k is only approodmate and can aever 
be achieved in reality. It is of no practical consequence to criticality safety. 

critical ' 

I csubcritical+ I csuuercritical+ L 
0.0 1.0 -2.0 

Figure 7. Multiplication factor, k. 

To show that delayed neutrons need not be considered, in general, for criticality 
safety purposes, we may separate the multiplication factor into components, 

where kp = the prompt multiplication factor = (1 - @)k and k, = the delayed 
multiplication factor = Bk. 

Recall that the delayed neutron fraction, B, is only 0.007 for =U or 0.003 for 
5, thus k, = (1 - f3)k = k, which clearly shows that if the system is aa5dentally 
made supercritical, k > 1, then in all likelihood, a super-prompt critical state, kp 
> 1, will also be reached. 

Let us emphasize this point with two examples: 

Case 1: k = 1.1, or, the multiplication factor exceeds that for critical by 
10%. Now, % = (1 - 0.007Xl.l) = 1.092, and the system is supexmitical 
on prompt neutrons alone. 

Case 2 k = 1.01, or the multiplication factor exceeds that for critical by 
only l%! Now, kp = (1 - 0.007X1.01) = 1.003. Note that even for a 
system that is only 1% s u p e d t i d ,  the system is still supdtical on 
pmmpt neutrons alone. 

Now let us turn to the time dependence of the prompt neutron, population 

It can be shown that the rate of change of the prompt neutmns in a system 
during a criticality accident (k, > 1). 

is given by 
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for an abrupt (step) change in 4, where 

n, = neutron level before the change in k, 
= prompt multiplication factor after the change in k, 

I = average lifetime of prompt neutrons in the system, 
t = time, referenced to t = 0 at the time of the change in k, and 
e = base of natural logarithms = 2.718 ...... 

For unmoderated (fast) systems, the prompt neutron lifetime is in the range 

IOe e I e lob seconds, 

and for well moderated systems, 

W < I 10s seconds. 

Systems that are only weakly moderated, e.g., 5 < H : U e 50, would have 
average prompt neutron lifet*es between these bounds. 

Although the prompt neutron lifetime is as much as 100,000 times longer in 
a thermal system than in a fast system, the important point is that the Metime 
is short by comparison to human reaction times for all fissioning systems! Some 
examples wil l  make the significance of this clearer. 

Consider an abrupt change in k from any subcritical state to a kp of 1.1. 
According to Eq. (1) the prompt neutron population will increase as 

n(t) = r@*J-lN. 

For the two extremes, I = 10s and I = 10' 8, how much will the original neutron 
level have inmased in only 0.1 second, in 0.2 seconds, and 1.0 second? 

For I = 10s 

n(O.1) = %el0 = 22,OOO n, 

n(O.2) = %em = 485,OOO,OoO n, 

For this slow system, the neutron population [and thus the fission rate and the 
radiation (neutron and gamma) level in the vicinity of the spstem] has increased 
nearly a billion-fold in only two-tenths of a second. And, at 

n(1.0) = qelW = 3 x loa n, 

This value could never be reached because overheating or other natural 
mechanisms would reduce the multiplication factor below prompt critical, but only 
after a large release of radiation (in much less than one second). 

For I = la', n(O.1) = n,elmaoo 
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How would this situation have been modified if the hypothetical accident had 
led to a state of criticality only slightly supercritical, say k = 1.017? Since & = 
(1 - o)k, let us assume the system is uranium bearing, for which f3 = 0.007; then 
& = 1.01. 

Now, in one second the neutron population wil l  rise to: 

For I = lo", n(1.0) = noelo = 22,000 q,. 

For I = lod, n(1.0) = %e *mm! 

Thus even for states of criticality only slightly supercritical and even for very 
thermal systems with relatively lopg prompt neutron lifetimes, the fission rate 
and neutron population will increk  on a time d e  that wil l  result in the 
excursion terminating itself before human reactions have a chance to influence the 
outcome. These nuclear excursions will result in little or no mechanical damage 
to the fissioning system in almost all cases;'however, the radiation exposure to 
nearby-'personnel can be, and in a few instances has been, lethal. 

IDIF'LUENCE OF DELAYED NEUTRONS 

Before we consider the importance of those relatively few delayed neutrons, 
let us introduce some nomenclature. We have previously defined the point, k = 1, 
as critical. This point is also known as delayed critical, implying that the system 
is critical with the inclusion of delayed neutrons. When k = 1 + p, then kp = 1 
and this point is known as prompt critical, implying that the system is critical on 
prompt neutrons alone. Finally, when one operates systems (e.g., reactors) in the 
vicinity of k = 1, then fine reactivity control is required, and the unit of reactivity 
most common for expressing small changes in the state of criticality is the doUar 
unit, defined by 1 $ = B. Note that the dollar is different for'uranium and 
plutonium systems (0.007 vs. 0.0031, but in all cases, it is the reactivity difference 
between delayed critical and prompt critical. The nomenclature is illustrated in 
Figure 8. A further subdivision of the reactivity scale is sometimes used for small 
reactivity changes, that is, the cent, and as for the monetary system, 100 cents = 
1 dollar, or 1 cent = 0.01 $. 

. 

delayed 
critical 

Prompt 
critical 

I+ Ak = 8 = 1 dollar +I+ 
1.0 1 + B  

Figure 8. Delayed and prompt multiplication tiactom. 

Now, during routine reactor operations, the state of criticality is brought to 
slightly supercritical, temporariiy, when power-level increases an3 desired. For 
example, k is changed h m  1.0 to 1.001 (note that lrp is stil l  less than unity). At 
this slightly supermitical state, the neutron population will increase but on a time 
scale dominated by the delayed neutrons and not by prompt neutrons. That is, the 
incmase will occur on a Becond or minute time scale instead of on a millisemnd 
or microsecond time scale. This change is sutficiently slow that either autamatic 
or manual control of the neutron level or fission rate is easily accomplished. 



Consider the realistic example of k being changed from 1.0 to 1.001 for a 
uranium-fueled reactor (p = 0.007). The neutron level would increase by a factor 
of 2.718 (e) in about 86 seconds. One would characterize the state of criticality by 
stating that the system is 0.143 $ or 14.3 cents above critical and is on an 86- 
second period, the period being the time required for the system power level or 
neutron level to increase by a factor of e. After the desired power level has been 
attained, then the control mechanism(s) would be reset such that k would again 
equal unity and the power would remain constant thereafter. 

It beam reiterating that this reactivity span between delayed imd prompt 
critical (B = dk), very small in absolute units, is more than sufficient for the 
control of reactors, as will be demonstrated during the course. On the other hand, 
as p is so small on an absolute basis compared to possible accidental changes in 
the state of criticality (bk - 0.2), it is of almost no consequence to criticality safety. 

VI. FACTORS INFLUENCING CRITICALITYAND PRACTICALEXAMPLES 
DF CRITICALITY CONTROL ' 

In the first part of the course, many hdamental  concepts were introduced 
and explained through the use of idealized systems. Those fundamental concepts 
wil l  be related as practical criticality safety examples to storage and handling 
operations with fissile materials, particularly here at the Ins Alamos National 
Laboratory. Additionally, the ten factors Iisted below are highlighted with 
examples. In combination with administzative controls, they provide the criticality 
control for all process operations. 

* m a s s  

density 

shape 

volume 

concentration 

moderation 

reflection' 

poisons 

enrichment 

interaction 

A. MINIMUM CRITICAL MASSES AND SIZES 

In this section, critical data and critical masses and sizes derived h m  
experimental measurements are provided and discussed. 

Let us examine and explain the critical mass curve for =U as shown in Figure 
9. Hem the critical =U mass of a spherical U(93) system is plotted 88 a function 
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of the W density; the diluent is water, which is assumed to be uniformly 
distributed in the system for U(93) densities at less than full density (17.5-kg W/Z 
or the equivalent 18.7-kg U(93YZ). Curves for water-reflected and thin-steel- 
reflected (essentially bare) systems are drawn. Consider the lower of the tFc'o 
curves in the following discussion. . 

Starting fram the fully dense, water-reflected system at 22 kg/Z and 17.5 k; 
the critical mass increases slightly as water is added uniformly to the systr. -1. 
The addition of water molecules initially has the overriding effect of ppshing *,ae 
uranium atoms farther apart, thereby enhancing neutron leakage. The effects of 
neutron moderation, i.e., thermalization (or slowing down), and absorption by the 
hydrogen nuclei, are relatively unimportant at such low H : U ratios. Proceeding 
to slightly lower =U densities, the curve reaches a maximum at about 23 kg. At 
this point, neutron moderation has offset the leakage effect. 

is further diluted with water, the moderation effed continues to 
dominate until the mitical mass reaches a minimum of about 800 g at a TJ 
concentration of approximately 50 g/Z. Note that up to this point even though the 
critical mass has been decreasing, the system volume has been increasing. Thus, 
on a relative scale, the system leakage has been decreasing. 

As the 

At this minimum, thb system has a volume of ' 

800 g + 50 g/l = 16 litem. 

This corresponds to a sphere -31-cm in diameter, exclusive of the reflector. 
Increases in the water content of the system at this point cause the critical mass 
to rise sharply. What is happening is that the system is "over moderated," that 
is, neutrons are readily slowed down to thermal energies by the high H : U ratio 
but the absorption by hydrogen nuclei is now becoming excessive. Put another 
way, the uranium atoms are becoming so spread out and dilute that the neutrons 
are no longer interacting sufficiently with them before being absorbed by the 
hydrogen nuclei. Finally, if the density falls below about 11 g/l then the 
system could be made infinitely large and still not be able to attain k = 1. 

From the above discussion, if one would locate 50 g/Z on Figure 10 and go up 
until the water-reflected curve is intersected, the comsponding critid volume at 
this point would be about 16 liters. This is in agreement with the previous 
determination of the critical volume using mass and concentration. 

The above discussion for the uranium data (Figs. 9 and 10) applies equally to 
the plutanium data (Figs. 11 and 12). Note that for plutonium, its initial rise i n ,  
the mass required for critid (as dilution with water commences) is much more 
pronounced than for highly enriched uranium; the critical plutonium mass at an 
WPU of 5 is about twice the critical mass of the metal at full density. Also, the 
effect ofthe UOPU isotope and some nitrates is very pronounced in solution systems, 
as indicated. This is due to the large absorption cross section of UOPU for slow 
neutrons. This effixt is much smaller for highly enriched uranium since the W 
absorption ~ o g s  section is much smaller than that of2zopu. 
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Pygure 9. Critical masses of homogenous water-moderated U(93.2) spheres. Solution data appear 
unless indicated otherwise. (From LA-lOMO-MS, Figure 10). 
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1. MINIMUM CRITICAL MASSES OF COMMON MATERIALS 

The minimum critical masses of bare- and water-reflected spheres of common 
fissioning materials for both solid metal and solution (water-base) systems are as 
follows: 

Material 

Pu** (alpha phase) 

pir (delta phase) 

vue* 

MINIMUM CRITICAL MASSES 
(SPHERICAL GEOMETRY) 

Metal* (kg) 

& reflected 

10.2 -5.8 ] 
I 

15.6 -8 ) 

50 -25 

-16.1 -8 

-8 

-21 

-80 

-7 

100 - 200 

Solution* (e) 

- bare .reflected 

1000 500 

1600 800 

1000 500 

USAm ' 150 - 2000 
* Solutions are idealized metal-water mixtures; reflector is thick water, i.e., -10- 
cm. ** Pu is nominal weapons grade: 95% 29opu + 5% UOPU. . 

Departures from spherical geometry will, for all practical pupsee,  always 
decrease the state of criticality, i.e.,.reduce k. This is because a sphere has the 
minimum surEace-area-to-volume rat10 of any geometry, and as the ratio k r e a S e S 7  
so does neutron leakage. For example, a critical, water-reflected, alpha-phase 
plutonium sphere is about the size of a baseball. If this same amount of material 
were fomed into a cylinder l-cm in diameter, it would be 3.82-m long. This 5.5- 
kg cylindrical systeh would be far subcritical (k e 0.1) hecause the surface area 
(for neutron leakage) is about 30 times that of the same mass (and volume) sphere. 

The important point to be made here is that much more material than the 
critical masses given in this table can be and sometimes is stored, processed, or 
handled in "high leakage" geometries for reasom of economy and practicality. 
Material stored in extended geometries should never be transferred to more 
compact containers unless the operation has been thoroughly investigated in 
advance. 
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2. MINIMUM CRlTIcAL SIZES OF CYLINDERS AND SLABS 

In reality, systems are always of Wte extent; however, for all practical 
purposes, the l-cm-diameter x 3.82-m-long cylinder of -dpha-vh!w nlutonium 
described previously would be an infinite cylinder. In this antex$ inhfte implies 
that essentially all of the neutron leakage is h m  the curved surface and 
essentially zero from the ends of the cylinder. FOP example, the surface area 
(neutron leakage area) ratio for this cylinder is 

Area curved surface = 1 382 = 764. 
Area b.th ends w 

Thus, ifthe neutron population within the cylinder were distributed uniformly over 
its volume, then for every neutron leaking from the ends of the cylinder about 764 
neutrons would leak h m  the curved surface. 

Minimum diameters and thicknesses for M t e ,  critical cylinders and slabs are 
as follows. 

MINIMUM CRITICAL SlzES 

Infinite Cylinder M t a  Slab 

Material 

U(93) metal 

Diameter. cm* Thickness. cm* 

7.5 (11.5) 1.3 ( 5.5) 

2sspu alpha metal 4.6 ( 6.0) 0.8 ( 2.7) 

U(93) solution 14.2 (21.5) 5.0 (12.5) 

% solution 13.0 (21.0) 5.0 (12.0) 

*Thick water reflected and unreflected (bare) dimmions. 
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Figure 16. Estimated critical thicknesses of slabs, infinite in other dimensions, of homogeneous 
water-moderated U(93.2). Solution data appear unless indicated otherwise. Unreflected infinite slabs 
are fictitious. (From LA-lOSGO-MS, Figure 13). 
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3. INFLUENCE OF DENSITY ON CRITICALITY 

The brief exposition given in this section is largely taken from reference LA- 
3612, which should be consulted for additional information regarding density 
effects, In particular, we will limit the discussion to bare, homogenous systems 
undergoing uniform density changes. 'For these stipulations, the influence of 
system density on critical mass is described by perhaps the only law in criticality 
physics that is simultaneoqsly exact, simple, and usehl. This law states "In a 
critical system, if the densities are increased everywhere to x times-their initial 
value and all the linear dimensions are reduced to l/x times their initial value, the 
system will remain critical." 

Thus, to maintain k = 1.0 (critical) in a homogenous sphek, the critical radius 
must be inversely proportional to the density, or: 

re = 1 / density. 

Since the critical mass of a system may be written as the product of volume 
and density, we can obtain the following relationships between the critical mass 
and density. 

For finite geometries (such as spheres, cubes, and cylinders) 

m, 1 / (density?. 

For onedimensional geometries, that is, thin slabs, very long cylinders, and 
spheres, the following critical mass / density relationships apply: slab - the critical 
mass per unit area of the slab is proportional to a constant; cylinders - the 
critical mass per unit length is proportional to one over the density; and, spheres 
(in fact, any three-dimensional body) - the critical mass is proprtional to one over 
the density squared. 
This density law is entirely general and applies to any mixture of materials in 

any geometrical shape and reflected in any manner, provided only that the entire 
system undergoes the same, unif'orm density change. 

A few examples of high-leakage storage containers in use at LANL and 
elsewhere will be given in the section on handling and storage. First, let us 
consider one other practical means of stoxing or processing substantial quantities 
of fissile material in a critically safe manner. 

4. USE OF NEUTRON ABSORBERS (POISONS) FOR CRpITcA&I;Ty 
CONTROL 

Without resorting to a high-leakage geometry, it is sometimes practical to 
maintain a low state of criticality during an operation or for hypothetical upset 
protection by the use of nonhsioning materials, called poisons, which have very 
high neutron absorption w s s  sections. Neutron poisons are most effective for 
absorbing thermal neutrons; the most common of these are boron, cadmium, and 
lithium. 

Simply, thew are no materials that. are extremely good absorbers of fast 
neutrons. By comparison, the absorption cross sections of =U, %, boron, 
cadmium, lithium, hydrogen, and beryllium at 2,000 m/s (0.025 ev) are as follows. 
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ABSORPTION CROSS SECTIONS FOR THERMAL NEUTRONS 
(in barns) 

TJ T u  B Cd Li H Be 

685 1020 764 2520 71 0.33 0.0098 

From this tabulation it is evident that the neutron poisons boron, cadmium, and 
lithium can compete heavily for the available neutrons. On the other hand, 
hydrogen and beryllium, which are good moderators, do not compete with fissile 
isotopes unless the atom ratio of moderating atom density to fissile atom density 
is very large. 

For example, consider a bare, thermal “U-&O system which is characterized 
by the. average probabilities: 

Leakage probability = 0.75 

and 

Absorption probability = 0.25. 

Neglecting absorption in the water and assuming a capture to fiasion ratio of 
1 : 4, the state of criticality would be 

k = 0.25 x 0.8 x 2.5 = 0.5. 

To reduce the state of criticality to a lesser value for routine opewtions, say 
-0.2, one could add, +for example, boron to the solution. If it were added in the 
proportion two boron atoms per atom of =U, and assuming the absorption cross 
sections were equal, then the new multiplication factor would be 

k = 0.25 x 0.33 x 0.8 x 2.5 = 0.17, 

where the 0.33 factor is the relative absorption rate in sU divided by the total 
absorption rat& 

As a second example of the potential use of neutron poiaons, consider a bare 
fissile system for which it is desired to provide added criticality safety margin in 
the unlikely event of a flooding accident. Now, a water reflector wi l l  return 
predominantly thermal neutrons to the system; thus, if&e bare system were 
tightly enclosed in a thin (e.g., -1 mm) cadmium sheet, then less than 1% of the. 
thermal neutrons would be returned in such a flooding accident. This shows how 
cadmium could be used to partially isolate the system fram the consequences of a 
flooding accident. 

.B. PRACTICAL FISSILE MATERIAL HANDLWG AND STORAGE 

The variety of fissile species thrdughout LANL and their diverse chemical and 
physical forms, probably pcompass that found anywhere. Thus, a look at some of 
the ways by which criticality is controlled in ,the handling and storage of fissile 



materials at LANL will likely be recognized as very similar to controls in effect 
elsewhere. 

Methods of criticality control discussed in this section include limiting volumes 
and dimensions of containers, limiting masses, and the use of internal neutron 
absorbers or poisons. 

1. FIVELITER DISSOLUTION POTS 

In the aqueous recovery section of the Los Alamos plutonium facility, the use 
of 5-liter pots for the dissolution of various plutonium compounds has been 
standard practice for over 20 years. These vessels are essentially spherical and 
are wrapped in a heating mantle over their lower portions. 

From Figure 12, it is apparent that the minimum critical volumes for bare and 
thick-water-reflected spheres of plutonium solutions are about 12- and 6-liters, 
respectively. Also it is obvious that the normal operating conditions for the 5- 
liter pots is nearly bare (unreflected). Now, while full water reflection may seem 
incredible, even if this were to occur, the pot would remain slightly subcritical 
because of its constrained volume.. 

Thus, due to the relatively high neutron leakage afforded by the diameter of 
the &liter pots, they wi l l  remain subcritical at any credible solution concentration, 
even coincident with extremely unlikely reflection conditions. 
Note, however, that while a rich (few hundred grams per liter) solution is 

essentially ever-safe in a 5-liter pot, if diluted in a larger vessel, criticality could 
be achieved with that same mass of plutonium. 

2. CYLINDRICAL STORAGE PROCESS VESSELS AND STORAGE TANKS 
8 

Common to handling and storing of larger volumes of solutions of both 
plutonium and uranium are the use of cylindrical vessels of 6 inches (15 cm) in 
diameter. The cylinder lengths will vary depending on capacity requirements since 
there are about 18 Um of 6 in. pipe. Once again, the relative ease with which 
neutrons can leak out of this vessel results in practical, large volume solution 
storage and handling under conditions whereby subcriticality is controlled by 
geometry, regardless of solution concentration or vessel length. 
' Obviously, the 6-in.-diameter vessel is a 'favorable geometry design regardless 

of its length, but only in isolation. 6 in.-, or even 5 in.- or less, diameter tanks 
can be made critical depending on solution concentration, array size, and tank 
spacing. However, emptying the contents of a 1-meter-long column (capacity 18 I) 
into a more compact vessel could lead to a critical system with the same total 
mass of plutonim or uranium. 

3. STORAGE IN SLAB TANKS 

The use of thin, flabfaced containers for solution storage has increased at 
LANL in the few past years. One group has designed, fabricated, and installed 
one of about 70 I capacity. As it is only &m thick, it is conveniently and 
unobtrusively mounted above and away &om other activities and equipment. 

Its location precludes substantial accidental reflection on the broad faces. Also, 
many transverse through-bolts in conjunction with a presshe relief diaphragm 
provide confidence that hypothetical overpressurizations wi l l  not buckle or bow out 
a side wall of the tank, which would likely lead to a less-favorable, less-leaky 
(neutron-wise) geometry and possibly a criticality accident. 
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While specific, three-dimensional neutronics calculations were performed in the 
CFiticality assessment of this slab tank, guidance in this regard is also provided by 
Figures 15 and 16. 

4. VAULT STORAGE OF FISSILE MATERIAL 

While there are numerous fissile material storage vaults throughout LANL, one 
of the largest and the one with the most diverse contents is in the basement of the 
plutonium facility. Here, there are several storage moms on both'sides of a 
lengthy corridor with plutonium and uranium metmls, oxides, compounds, etc., 
stored in bottles and cans ranging up to large shipping containers. 

For each stored unit, criticality safety is ensured by restricting the container 
volumes or mass of solid material or, frequently, both. An example is metal or 
oxide storage in (at most) few-liter cans. Large shipping containers always have 
the active material packaged in inner containers of limited volume. 

Wi.ih the location of many, o h n  diverse fissile units in one mom and many 
adjoining moms, there is an added concern, namely that neutronic. interaction 
among the units be controlled. That is, although each individual unit may be 
small and thus "leaky" as far as neutrons are concerned, if neutrons leaving one 
unit have a high likelihood of striking and causing fissions in a neighboring 
container, then it is possible that the entire array or assemblage of units may be 
capable of becoming critical even though none of the individual units can. This 
may be likened to fuel rods in a reactor where one or even many are subcritical 
by themselves, but together they form a critical assembly. 

For this reason, not only are maximum &or, shelf, or cubicle loadings 
prescribed as criticality limits, but also spacing units as far apart as practical is 
encouraged. 
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Process criticality accident likelihoods, consequences 
and emergency planning 

T. P. McLaughlin* 

Evaluation of criticality accident risks in the processing of 
significant quantities of fissile materials is both complex 
and subjective, largely due to the lack of accident statistics. 
Thus, complyingwith national and intemational standards 
and regulations which require an evaluation of the net 
benefit of a Criticality accident alarm system, is also 
subjective. A review of guidance found in the literature on 
potential accident magnitudes is presented for different 
material forms and arrangements. Reasoned arguments are 
also presented concerning accident prevention and accident 
likelihoods for these material forms and arrangements. 

General guidance for emergency planning for facilities and 
operations involving significant quantities of fissile materials 
is contained in various regulations and consensus standards. 
In particular, intemational standard IS0 7753 Nuclear Energy 
- Perjonnance and Testing Requirements for Criticality 
Detection and Alarm System requires that the net benefit 
of a criticality accident alarm system be evaluated. This man- 
date considers only a risWrisk evaluation, with no guidance 
provided as to cost/risk or codbenefit considerations. 

As risk is a combination of likelihood and consequence, 
both aspects must be considered, yet each is extremely 
difficult to quantify in most process situations. Concerning 
likelihoods, it is noted that only eight process accidents have 
been reported in the forty-five years that minimum critical 
quantities of fissile material have been available.' All eight 
of these have involved solutions and only one occumd in 
a volume Greater than 200 litres. Clearly these meagre 
accident statistics only highlight the obvious - criticality 
accidents with fissile solutions are very unlikely and ones 
involving non-solution forms are even more unlikkly. 

Probabilistic risk assessment (PRA) has been recognized 
as a possible avenue to determine likelihoods, but it has 
recognized drawbacks, notably in 'hands on' operations 
where failure rate data are very uncertain. Additionally, it 
is argued that the large sums that would be spent (an estimate 
for the Los Alamos Plutonium Facility is a few million 
dollars) could be better used on control measures such as 
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more criticality staff on the process floor. A recent 'test' PRA 
on only one of hundreds of operations in the Los Alamos 
facility cost about US$20 OOO, exclusive of the value of the 
time that operating personnel and criticality staff spent 
working with the PRA contractor.' 

The Author finds it noteworthy, in regard to the application 
of PRA. that in one of the eight accidents (Windscale). 
experts were unable to ascertain the accident mechanism even 
after it was determined in which vessel the accident had 
occurred. 

The consequences of criticality accidents are a function 
of several factors: whether or not the operation is 'hands on' 
or in a shielded facility: the magnitude of the excursion: and 
emergency actions. The latter two will be discussed in detail 
in the remainder of this Paper, where it is also argued that 
with reasonable controls on operations, accidents with metals 
and dry compounds should be made so unlikely as to be 
considered incredible. 

Magnitudes of criticality accidents are the subject of much 
controversy and misunderstanding. For example, the 1986 
Los Alamos report, A Guide to Radiological Accident 
Considerations for Siting and Design of DOE nonreactor 
Nuclear Facilities contains a brief section on criticality 
a~cidents.~ In this section a table is presented of fission 
yields from accidents with Merent material forms. This table 
was reproduced from Woodcock and is included here as 
Table 1 ? The Nuclear Regulatory Commission also issues 
guidance on the magnitude of criticality accider~ts.~.~ It is 
noted in these NRC documents that predicting fssion yields 
in heterogeneous and non-solution systems such as those 
described in Table 1 'results in a broad range of possible 
yields' and 'methods for estimating possible fission yields 
are less reliable'. The NRC also recommends that credible 
accidents be assessed for potential magnitude on an individual 
case basis. 

In the body of this Paper, each of the material forms 
indicated in Table 1, the appropriateness of the fission yield 
values and. particularly for non-solution systems, reasons 
why effort might be better spent in controlling the accident 
likelihood at a vanishingly low level than in attempting to 
quantify its likelihood and consequences, are discussed. 
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Table 1. Criticality accident fission yields 
System 

Solutions under 
100 gal (0.6 m3) 
Solutions over 
100 gal (0.36 m3) 
LiquidlpowdeP 
Liquidlmetal pieces" 
Solid uranium 
Solid plutonium 
Large storage arraysd 
(below prompt critical) 
Large storage arraysd 
(above prompt critical) 

Initial burst yield 
(fissions) 

I x 1017 

I x 10'8 

3 x 10'0 
3 x 10'8 
3 x ioi9 
I x 10'8 
- 

3 x l P  

Total yield 
(fissions) 

3 x 10'8 

3 x 1019 

I x 1019 
3 x 1019 
I x 10'8 
I x loi9 

3 X lO?O 

3 x lo?' 

'based on a similar table by Woodcock." 
ba system where agitation o f a  powder layer could result in progressively 
higher reactivity iyertion. 
4 system of small pieces of f s i l e  metal, 
dlarge storage arrays in which many pieces of fissile material are present 
and could conceivably come together. 

Solutions 
Significantly, although not surprisingly, all eight of the 

reponed process criticality accidents have involved material 
in solution as opposed to dry materials or mixtures of 
metallpowders and water. Reasons are numerous, including 

solutions have much smaller critical masses than dry 
materials and, indeed, all eight of the process 
accidents, while not in optimum geometries or con- 
centrations, occurred with much less than minimum 
critical masses for unmoderated materials 
dry powders and accumulations of small metal pieces 
such as cutting chips from a machining operation, 
which (if immersed) may have small critical masses 
similar to solution values, have additional lines 
of defence which should be formidable - they are 
usually processed in moderationcontrolled environ- 
ments andor in s m a i ~  vessels of favourablt geometry 
loss of configuration control, that is, the controls 
which prevent fissile material from accidentally 
achieving a more d v e  state than operating pro- 
cedures provide, has lead to all eight accidents. 
Simply put, material moved or was moved from 
favourable geometry vessels to unfavourable 
geometry vessels due to combinations of design 
oversight, operator error, and equipment failuresr 
Clearly, similar inadvertent movement of dry 
materials is much less likely, as should be the 
inadvertent loss of moderation control if it had been 
identified as a major line of defence in accident 
prevention. 

A recent analysis for a design basis solution criticality 
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accident at the 'Oak Ridge Y-12 Plant' exemplifies the 
benefits of a situation specific review 

(a) one has a reasonably firm basis for emergency 
p!mning 

(b) other simplified methods, such as that offered by 
Tuck,' may not be appropriate for potential upset 
conditions that are considered credible 

( c )  single values such as those offered by the NRC guides 
or by Woodcock (Table l), provide no insight into 
what may actually lead to an accident situation and 
may be either significantly under- or over- 
conservative for emergency planning purposes. 

The Y-12 analysis used CRAC solution excursion data to 
provide confidence in the upper limit of the first spike fission 
yield of a solution criticality a~c ident .~  This approach may 
be applied even more readily to plutonium solution systems 
where one is confident that there is not significant waiting- 
time associated with the initiation of the first persistent fission 
chain after the prompt critical state is reached. 

The potential for subsequent fission bursts and for eventual 
quasi-steady state solution boiling near the delayed critical 
point is also recognized. Whereas it may be difficult to assess 
the likelihood of permanent shutdown after the first fission 
spike when performing analyses for safety documentation, 
more importantly the case may be made that subsequent 
fission bursts and even significant additional fissions beyond 
the first burst are not a serious threat. 

The CRAC data demonstrate that even with the continual 
introduction of fissile solution into a system which has just 
undergone a fission burst, subsequent spikes are delayed by 
several seconds or more. Any additional bursts are likely 
to be reduced in intensity by a factor of 5 or 10 from that 
of the initial burst. Power and energy histories for one of 
the (typical) CRAC excursions is shown in Fig. 1. This 
illustrates both the time delay and lower magnitude associated 
with subsequent bursts. These two observations have 
important implications on emergency planning 

The time delay of several seconds between bursts 
provides anyone in the immediate vicinity of the 

(a) 

10" 

25 50 75 100 125 150 175 200 225 250 
nm: ~ n :  

Fig. 1. Fission rate and integrated fission energy release in CRAC 
19 as a function of time 
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initial burst with ample time to remove themselves 
by the time of the second burst. This is a major 
justification for a criticality accident alarm system 

( b )  for those not immediately threatened by exposure to 
direct radiation from h e  first burst. a combination 
of evacuation routes and (expected) reduced yields 
of subsequent spikes should assure that no life- 
threatening dose is received during facility evacu- 
ation. Once personnel are sufficiently distant such that 
direct doses are not a concern (and this should be 
verified at any muster location) then one can monitor 
for fission product radiation levels and move 
personnel as appropriate to prevent further exposures. 
It is noteworthy that fission product doses have not 
led to life-threatening exposures even though yields 
in some of the eight accidents exceeded the initial 
burst yield by more than two orders of magnitude. 

In summary, one can conclude with reasonable confidence 
that if prompt evacuation proceeds via appropriate routes then 
significant direct doses should be limited largely to those 
resulting from the initial burst. If the reaction is not shut down 
after the first burst then area monitoring should enable the 
prevention of significant exposures from persistent, low-level 
direct doses or from fission product radiation. 

, 

> 

Liquid/Po wder 
The scenario which led to the 3x  lozo value in 

Woodcock's report (Table 1) is one whereby autocatalytic 
phenomena are acting. In particular, he describes a situation 
in which dry powder becomes flooded, goes prompt critical 
as an equivalent very rich solution, and then the mixing and 
dilution which accompany the excursion introduces additional 
reactivity, as one is sliding down the critical mass versus 
concentration curve. Woodcock acknowledges that there are 
competing feedback effects, the positive one already 
postulated and the known negative effects of thermal 
expansion and microbubble formation. Finally, he states that 
'this estimate is rather a shot in the dark.' 

Stratton also alludes to the possibility of positive feedback 
as rich solution becomes diluted.' However, he states that 
'it is difficult to imagine an explosive reaction.' Clearly, then, 
he does not give credence to the 3 x Ido value, as in a few 
hundred lives or less this would lead to an extraordinary 
explosion. 

Perhaps the Woodriver Junction criticality accident came 
as close to matching Woodcock's scenario as any experi- 
mental evidence existing. Here 11 1 of 240g usU/l solution 
was poured into a large vessel containing about 4 1 of sodium 
carbonate reagent. A fission burst occurred near the end of 
the pouring process which had about 10'' fissions, a specific 
yield of about 5 x lo" fissions/l. This specific yield is 
within the range of the CRAC data-specific yields and thus 

oes not show a discernable autocatalytic yield augmentation 

as the fissile solution diluted in the sodium carbonate solution. 
If process-specific reviews by criticality specialists ever 

reveal any scenarios leading to unacceptable consequences 
then controls must be exercised that reduce the likelihood 
to a vanishingly small value, that is. an acceptable risk level. 

Liquid/Metal pieces 
Woodcock does not include any discussion of the bases 

for the fission yields of 3 x 10" and 1 x in' his report. 
It should be noted. however, that he is not referring to the 
'system of smaff pieces of fissile metal' indicated .in Table 
1. but instead to 'the yields for metals or solids in water refer 
to one or a small number of pieces.' This situation should 
be easily controllable and indeed may be incredible in most 
operations. It would be extremely rare that a water-flooded 
and/or reflected critical mass would be assembled as a single. 
dry unit. Were this necessary, additional precautions to 
preclude the possibility of flding/reflection would be taken. 
For a few large pieces, one would provide spacing controls 
to assure generous safety margins. Solid material in storage 
would generaIly be in containers such that the container 
volume provides approximately one litre per kilogram of 
stored material. This assures that no accumulation of a small 
number of pieces. dry or in any admixture of water, will 
pose any credible criticality concerns. 

Solid uranium and solid plutonium 
Criticality accidents with solid metal systems (including 

alloys) should be readily controlled at a likelihood of 
occurrence that is vanishingly small. it is almost incon- 
ceivable that masses approaching the bare critical sphere 
values would be handled imany compact form, either as a 
single unit or as an accumulation of pieces, as in a burst 
reactor configuration. Only rarely are there operational 
requirements which necessitate working with more than the 
water-reflected spherical critical mass which was addressed 
in the previous section. 

However, the criticality safety specialist has long 
recognized the potential for extreme consequences were an 
unmoderated metal criticality accident to occur." As Table 
1 illustrates, the possible magnitudes are greater for uranium 
than for plutonium (all else being the same) due to the 
statistical nature of fission chain initiation in the presence 
of a weak source,. 

A manifestation of this recognition of potentially large 
fission yields with uranium metal is the large casting facility 
at the Y-12 plant." This is a shielded facility with a built- 
in neutron source to minimize both yields and consequences 
of extremely unlikely accidents. 

It should be emphasized that in spite of the shielding, it 
is the effort put into accident prevention and yield mitigation 
that is most important. If the consequences are unacceptable 
then the accident likelihood must not be credible. 
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Large storage arrays 
Normal operations involving storage of fissile materials 

should be in compliance with appropriate federal require- 
ments and concensus standards such as DOE Order 5480.5 
and ANS-8.7. The storage arrays may be expected to have 
sufficient margins of subcriticality to compensate for credible 
normal and abnormal contingencies. A typical arrangement 
should be expected to result in a maximum neutron muitipli- 
cation factor. not exceeding 0 - 9  for all evaluated credible 
contingencies. It is further required that no single mishap, 
misoperation; or violation of procedure will lead to nuclear 
criticality. I 

The additional mass necessary to achieve prompt criticality 
with a single unit is between 1 % and 3 % of its critical mass, 
depending on whether the material is plutonium or uranium. 
n e  same can be said of an array at critical. However, the 
relation between the reactivity change to a unit in the array 
and the array reactivity is such that the 1-3 % change in mass 
must be uniform throughout 'the array, i.e.. to increase the 
array reactivity by an amount Ak, each unit in the array must 
be increased by this same Ak. 

An equivalent reactivity addition to the array may be also 
effected by increasing the number of storage units or by 
reducing the volume of the storage container or of the storage 
cell volume in the array. In either of these cases, there is 
a dependence on the neutronic coupling between the units 
of the array. At critical, low-mass units will be strongly 
coupled, whereas large-mass units will be weakly coupled, 
a condition that also subsists in the sub-critical state. 

For example, to change the kr (for uranium units) from 
the critical state to a value of 1 -01 would require a uniform 
change in excess of 3 % in the mass of the units in the array, 
or a 5-746 uniform reduction in the volume of the array, 
or a 7-13% increase in the number of units in the array. 
The mass increment required is independent of the neutronic 
coupling and the ranges given for the volume and number 
of units correspond to progressing from strong to weak 
neutron coupling. These values are about the minimum to 
produce the prompt critical state for enriched uranium. 

An accident during operation in a facility can, however, 
be expected to be initiated from the sub-critical state. If the 
sequence of events leading to delayed criticality in a storage 
array were to begin at a nominal k~ of 0.9, then the 
required changes become a uniform mass augmentation of 
37%, a uniform array volume reduction ranging from 44 to 
53%, and an increase ranging from 262 to 377% in the 
number of units. 

The implications of these resuits are that the accidental 
achievement of the critical state throughout a storage array 
due to successive violations of administrative controls has 
a very low probability of occurrence and prompt criticality 
is impossible, given the time required to effect the necessary 
changes. 

The achievement of the critical or prompt-critical state in 
a single storage location would have to be considered or 
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interpreted as array criticality. However. the contribution 
to the fission yield of the event by the array reactivity 
contribution among the units of an array is a function of t h ~  
margin of subcriticality of the units.'* An increase in the 
reactivity of a single unit in an array by an amount Ak. leads 
to a reactivity increase 01 abutit AWN to the array, where 
N is the total number of unit: n the storage array. This is 
typically a value of magnitua:. bout that of the uncertainty 
associated with the array kr. 'fie total yield may even be 
less than would occur were the overloading of mass 
accomplished outside a storage area. As the neutron 
background is higher than normal in storage areas there is 
the likelihood of an earlier than usual initiation of the fission 
chain. 

For extreme upset conditions, such as vault flooding or 
material collecting on the floor during an earthquake, simple 
common-sense storage practices and a case-specific analysis 
should lead to the conclusion that either the critical state 
cannot credibly be reached or, if the upset condition is so 
severe that criticality cannot be precluded, then consequences 
of the criticality accident are minor compared to the total 
accident consequences. Under no circumstances can an 
accidental scenario be envisioned which would incorporate 
the simultaneity, speed, and neutron source requirements 
which would lead to anything approaching the '3 x Id? 
fissions' and 'serious explosion' that Woodcock  propose^.^ 

A fundamental storage practice for unmoderated fissile 
materials should be a maximum effective density. i.e., the 
fissile mass divided by the outer container volume, whicl 
does not exceed about 1 -0 kg/litre. For such a simple storage 
practice it can be readily shown that even relatively large, 
compact accumulations of containers (such as are often 
postulated to be associated with earthquakes) remain 
subcritical. 

Summary 
Whereas most regulatory guidance and, indeed, common 

sense, dictates that criticality accident risks be evaluated, both 
the likelihood and the consequence components of this risk 
are very difficult to quantify. However, this risk evaluation 
is necessary input into decisions relating to criticality accident 
emergency planning, including alarm systems. 

Several points relating to these likelihood and consequence 
issues are argued in this Paper 

(a) a case-specific analysis should be performed rather 
than adopting simplistic fission yield values such as 
presented in Table 1 

(b) fissile material processes and storage involving dry 
materials should. in general, be much more readily 
controlled than those involving solutions 
efforts expended on emergency planning for 
criticality accidents postulated to occur with dry 
materials might be better spent on reducing accident 
likelihoods by providing more effective design ac 
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oversight of process operations and improved 
operator and supervisor knowledge and awareness 
for large-scale fissile solution processing. accident 
likelihoods. although not readily quantified. will. 
generally not be able to be reduced to the ‘incred- 
ible’ level. That is, it is generally agreed that for 
such operations emergency planning is cost and risk 
effective. However. the CRAC data coupled with 
site-specific evaluations provide sufficient informa- 
tion to enable emergency planning to be based on 
realistic fission yield estimates. 

In summary, accident experience, CRAC data. and case 
specific evaluations, coupled with appropriate emergency 
planning should provide confidence that criticality accidents 
are local events with insignificant off-site consequence. 
Postulated accidents with large fission yields. such as those 
indicated in Table 1, must be controlled so that likelihoods 
are so remote as tobe considered incredible and thus the risks 
are acceptable. 

‘(dl 
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SUMMARY 

We have performed several analyses to determine the state of criticality for various fissile 
material storage amy configurations in the nuclear material storage facility. The m y  
specifications w a e  provided to us by Paul Smith of Merrick and Company. We have 
determined that the= a generous Criticality safety margins for the proposed 8 x 83 x 5 storage 
array in each bay. Details of the analyses and results am presented below. 

Due to the large fixed costs associated with fissile material storage facilities, e. g., construction, 
safeguarding, accountability, ttc., and the possible economic advantages of storing more fissile 
material in the same volume, let us elaborate briefly on the criticality safety margins. Should 
nonniticality safety considerations not prohibit items from being stored on smaller center-to- 
center spacings, then a doubling of the number of units beyond that repmented by an 8 x 83 x 
5 m y  in each bay (6,644) units for both bays) could be easily accommodated from a criticality 
safety standpoint. Further, with the innovative use of strong neutron absorbers and consmints 
on the average density of the fissile material in each can, then a factor of three, or even four, 
increase in the vault capacity is likely achievable. 

The rcfercnced mcmo provides the nsults of additional parameter surveys performed for the 
same facility under a broader spectrum of storage conditions. 

CALCULATIONAL MODELS AND ASSUMPTIONS 

There will be identical storage arrays fitted into each of the two bays of TA-55, PF-41. The 
following information was the basis for the computer model developed. Each array will have 
the approximate dimensions of 13 fect wide by 127 fect long by 10 feet tall (see Figure 1). The 
array will consist of square carbon steel shrouds of 18 inch sides with a length of approximately 
10 feet. Each shroud will have a Winch diameter cavity essentially the full length of the 
shroud (Set Figure 2). The size of the shroud determines the spacing in the m y ,  i. e., the 
stored units will have an 18-inch center-to-center spacing since there will be no fne space 
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between the shrouds. 

In addition, the storage bay was modeled with the ceiling at a height of 20 feet. .e v". !s, 
ceiling, and floor were modeled as ordinary concrete, 18-inches thick. A gap of - incxs was 
modeled between the fissile array and the concrete walls in the x (8) direction, 2 d -15 inches 
in the y (83)direction. Carbon steel (-3 inches) was modeled at the bottom oi .he array just 
above the concrete floor. The wall between the bays was modeled also as orc.,nary concrete but 
12 inches thick. . 

Each storage container was modeled as being a %-inch diameter Schedule 40 stainless steel pipe 
with end caps (also stainless steel) of 0.75-inch thickness with a total height of approximately 
12 inches (See Figure 3). The secondary container was modeled as a Winch diameter Schedule 
5 stainless steel pipe with end caps of Schedule 5 (0.188") thickness. The calculational model 
incorporated minor modeling approximations, such as, the secondary container being modeied as 
a right circular cylinder versus the design with curved end caps. These approximations were 
made in a manner that resulted in neutronic conservatism 

The fissile material used in the calculations was taken to be 4,500 g of alpha-phase plutonium 
with 95 wt% % and 5 wt% ?Pu at a density of 19.86 g/cc. The fissile material was initially 
modeled as a right circular cylinder with a diameter of 5 inches and a height of -0.7 inches (See 
Figure 3). The other variations of the fissile material consisted of the same diameter but 
varying heights which model variations in the density of the fissile material (See Fig. 3A). In 
all cases, a constant mass of 4,500 g was maintained. These variations simulate fissik material 
pieces which might be placed in the inner container but do not occupy the same volume as a 
full density (19.86 g/cc> single piece. For example, miscellaneous size and shape pieces from 
broken buttons and shells will generally pack in a can at less than one-half of full density. 
Also, a constant, uniform density is an excellent neutronic representation of full density pieces 
with void space between them. Similarly, a low density metaJ modcl is a good approximation 
to an oxide powder. Thus, this variation from a full density disc to a very low density medium 
spans the range of expected, actual storage conditions, which are as yet unspecified. 

Credit was not taken for the actual presence of boron, as a neutron poison, in the walk 
separating the two bays. Atom densities for the material(s) used are presented in Table 1. 

For additional conservatism and consistency with previous analyses, six-unit-high arrays were 
modeled and calculated, although the planned anay is only five-units high. 

CALCULATIONAL METHOD 

The results reported in this analysis were performed with KENO V.a, a Monte Carlo criticality 
code and utilized Hanscn-Roach 16-energy-group cross sections. Each case was executed for 
30,000 neutron histories, .which nsulted in a statistical uncertainty of less than 0.006 in the 
multiplication factor for any case. 
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RESULTS 

The results of the several calculations performed are reported in Table 2 and plotted in Figun 4. 
It can be seen from Table 2 and Figure 4 that the highest multiplication factor results when 
the plutonium is at its maximum density and, therefore, its smallest volume. Conversely, 
expected storage conditions, whether as several, small pieces of metal in each can or as a loose 
oxide, would be consistent with a much lower average fissile density and thus afford larger 
safety margins for the same total vault inventory, or an increase in vault inventory (reduced can 
spacing) with st i l l  generous safety margins. 

Results of the several performed calculations will be maintained in HS-6 Files and are available 
for review. 

CONCLUSIONS 

For the -7,968 unit capacity of the arrays (8 x 83 x 6) which occupy the two storage bays, there 
arc generous criticality safety margins. The number of units (7,968) represents a heat loading of 
-79 kw based on a nominal 2.5 w/kg fissile. 

However, due to the very high degree of subcriticality’for the calculated (6-high) m a y s ,  it 
would be possible to store at least twice as many units with st i l l  generous safety margins, and 
with innovative use of strong neutron absorbers such as boron, it could well be achievable to fit 
three or even four times as much fissile material into this vault before true criticality limits were 
approached. 

If then arc questions regarding this analysis or criticality safety ofthe facility, please do not 
hesitate to cail on us. 

CC P. T. Cunningham, CM-NM, MS F628 
W. T. WC@, NMT-DO, MS E24 
C. H. Smith, NMT-8, MS E583 
R S. Sharp, WX-11 
W. McNeese, E583 
W. Meniman, E583 
P. Smith, Merrick and Compdy. 
HS-6 Files 
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Table 1. 

Fissile Material Atom Densities 

Element or Weight Atom Density, 
Material Density ISOtOp Percent atoms / barn-cm 

Plutonium 19.86 95 0.04753 
24opu 5’ 0.00249 

Stainless Steel 
(Keno mix = 200) 

Carbon Steel 
(Keno mix=100) 

ordinary Concrete 
(Keno mix=301) 

7.92 

7.82 

2.3 

Cr 
Fe 
Ni 
Mn 

C 
Fe 

A1 
Ca 
Fe 
H 
0 
Na 
Si 

19.0 
69.5 
9.5 
2.0 

1 .o 
99.0 

3.4 
4.4 
1.4 
1 .o 
53.2 
2.9 
33.7 

0.01743 
0.05935 
0.00772 
0.00174 

0.00392 
0.08349 

0.00175 
0.00152 
0.00035 
0.01374 
0.04606 
0.00175 
0.0 1662 
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Table 2. 

Multiplication Factors for Storage Array 
Two 8 x 83 x 6 Arrays (7,968 units) 

Density of Fissile Material Array Multiplication Factor 
in Inner Container, g/cc b + 3 a  

129.86 0.81 ’ 

14.895 

9.93 

4.965 

2.23 

0.77 

0.72 

0.62 

0.54 
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Figure 1. Illustration of Anay in 
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29.5 cm 

- 

- 

26.: 

t.5 kg @ 2.23 g/cc 
- 
4 5  kg @ 4.965 g/cc 

4.5 kg @ 9.93 g/cc 
- 

4.5 kg @ 14.895 g/cc 

$45 kg @ 19.86 g(cc 

Not to Scale 

Figure 3A. Single Storage Container 
Additional Modeling Details 
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ASSESSMENT TEAM TRAINING 

April 19-21; 1994 
Colorado Springs, Colorado 

REVIEW OF THE ROCKY FLATS FIRE 

Rowland E. Felt 
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BURNING PLUTONIUM 

Ignition temperature - 560°C 

Melting temperature - 650°C 

Rate of combusion - u240 g/hr or 4 g/min 
(massive metal) 

Oxygen requirement - 32 g/hr or 0.53 g/min 

Air equivalent - 3.76 ft3/hr or 0.063 ft3/min 
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Material ' . I ' I 

COMPARISON OF BURNING PROPERTIES 
OF HOOD MATERIALS 

Temperature of 
Softening "C 

Temp. of Initial 
. Decomposition "C 

Temp. of Ignition of Self-dustained 
Decomposition Vapor Ignition Temperature 
"P "c* 

. Benelex 401 
(Formally Benelex 70)' 

Plexiglas - G2 

Plexiglas SE-3 
(flame retardant) 

Neo-Sol Rubber 
Gloves3 

*Source of Information: S.H. Pitts, Jr., Burning Characteristics of Benelex 401 ', Plexiglas*, and Neo-Sol Rubber 
Gloves3, Report 569-101, May 15,1969, the Dow Chemical Company, Rocky Flats Plant. 

'Temperature at which Ignition of solid materials is sustained without external temperature source. 

- 200-300 345 445 Charred 
51 0 Char burning 

ignition at 520" 

ignition at 550" 

170-200 300-325 338 Evaporated without 

170-200 300-325 390 Evaporated without 

- 200-250 325 325 



lACK 



Is Benelex 401 Combustible? 

Benelex 401 
Sample 

Conclusion 
Combustible, but it will 
not sustain combusiiLI i. 

' n  

, I  - . .  , .  

. . .  
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Fire lanition 
Mechanism Ventilation 

f 

Burning Plutonium 
Briquette 

IUS tion * 
Gasses '-\ 

Stain 
Steel 

/ Wood Fiber - Plastic Composite 
Material: Benelex - 401 CHARZone . '  

lless 
Can 
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FIRE FIGHTING DECISION 

Decision 
Use Water Let it Burn 
0 Possible criticality 0 Obey company policies 
0 Risk of life . 0 Potential c.ollapse of building 

Consequences 
0 b § § O f J O b  . o Contarnhmtion of environment 
0 Fire is out of control 0 Job security 
0 Protect the environment 0 Firefighter protection 



FACILITIES 

Fire-sensing elements -- use and 

As-built drawings 

Plutonium storage 

Off-shift coverage 

requirements 

Adequacy of ventilation system 

conbition? 
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0 
0 
0 
0 
0 
0 
0 
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0 
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AD M I NlSTRATlVE 

Authority of firemen to make decisions 
Firemen’s entry into building 
Restrictions placed on firemen 
Operating procedures 
Safety budgeting 
Responsibilities of safety personnel 
Off site emergency response plans 
Training of firemen 
Criticality limits -- reasonable? 
Priority of production over safety 
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FIRE SAFETY 
Flammable materials -- in and out of gloveboxes 0 

0 Housekeeping -- periodic cleanups 

0 Hazard evaluations 

0 

0 Communication between sites 

0 Material Safety tests 

Adequacy of fire fighting equipment 

0 Credible accident analyses 

0 Safety records -- incentive systems 
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FINDINGS 
0 Fire was not set intentionally 

Plastlc windows were primary fuel 0 

0 Ventilation system provided air flow to spread fire 

One percent of 600 tons of Benelex 401 burned 

Conveyor system without physical barriers provided path for 
the fire to spread 

Storage of plutonium briquettes in open can provided ignition 
source 

Benelex 401 cabinet in glovebox 134-24 was source of fuel 
for initial fire 

Storage cabinets nullified heat sensing systems 
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DESIGN CHANGES -- BUILDING 707 

Conveyor fire doors 
Hood fire doors 
Fire walls to ceiling 
Compartmentillfzation of working area 
Fire rated door between working areas 
Adequate space between hoods 
Overhead sprinkler system 
Centralized fire alarm system 
Raised, sloping floor at down stairwells 
Elimination of conveyor underpasses 
Additional fire protection (sprinklers) in filter plenums 
Heat detectors in hood exhaust 
Water drains in all hoods - 
Catch basin for fire fighting water 
Smaller window area in hoods 
Glass windows where possible 
Shields on inner hood gaskets 
Elimination of most Benelex shielding 
Fire retardant paint on remaining Benelex 
Shadow shielding technique rather than direct contact 
Additional plutonium storage 

_---- 
--I__- - 
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RECOMMENDATIONS CONCERNING 
PLUTONIUM HANDLING $ 

The amount of combustible material in the immediate area of plutonium metal 
should be held to a minimum. 
Plutonium metal should never be stored in contact with flammable material. 
Plutonium metal in all forms should always be stored in metal containers with lids. 
Noncombustible physical barriers should be provided to limit the maximum quantity 
of plutonium that ,can conceivably be involved in a single fire, to a quantity which 
constitutes a reasonable risk. 
Partitioned zones should be established to prevent the spread of contamination 
should an accident occur. These zones would also provide effective -. fire walls to 
contain the spread of fires. 
Automatic fire or heat detection devices should be provided in glovebox facilities 
where plutonium metal is handled. 
Consideration should be given to possiblekhanges in plutonium geometry in case 
of fire. Gloveboxes and equipment shouPd be designed to avoid plutonium 
conditions which could constitute a nuclear criticality risk. 
Where warranted by real or potential exposure hazards or value of the plutonium 
metal involved, provisions for automatic fire protection by argon gas flooding or 
fixed piping of dry extinguishants should be considered. 
Plutonium metal should only be stored and handled in an area in which external fire 
hazards have been reduced as much as possible. 
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THE UNITED STATES OM11 ENERGY COMMISSION 

OPI b y  lr, 1969, a mjoa fire occurred 8t the Rocky flat8 (Colorado) 
. P l a t  o f  the A t d c  Energy Consairsion (AEC)... The Rocky Flats Plant, 

which producer phatonfum p a r t s  for  nuchar iieapons, f s  located approx- 
imately 21 biles northwest of D e a v e ~ ,  b e t w k  Golden and toulder. 'the 
facil i ty is  operated for  the AEC by The Dav Chemical Company under 
cont rac t  admfrristered by the Rocky Flats k e a  Office o f  the S c a r  
Albuqurrqb Operations Office. 

The fire occurred in Building 776-777 which it used for  mmufacturiag 
plutonium parts. This building i s  8 complex f a c i l i t y  which has been 
rearranged rad a o d i f i e d ~ t e p e ~ t e d l y  over the  years t o  m a t t  chaaging 
production requirrmaats uad schedules. 
777 irrcludes various tppes o f  nuchintry operated la 'lglovebexll systems. 

The cqrtipmnt in Building 776- 

The gloveboxes 8- =der s l i g h t  negative 'pressure w i t h  respect t o  the 
air in the room around them. Although they arezfair ly  well sealed, a$r 
en te r s  the glovebores from the. rooa i n  whfch'they are housed and e x i t s  
through duct8 t o  filtered systems..aa the .roo?; . This pr0ufdQS a means f o r  
working safely w i t h  plutonium while  trparit iag the- operator from t h i s  
po ten t i a l ly  hazardous r r d i o r c l . ~ u e . r ~ r t d r i a l ~  ,G~~vcboras have portholes 
which are rraled by rubber g~oweS*uhich wor&ws use t o  perfom operatiant 
in th8 boxes. Thr gloveboxes used'fh Z e h t e d .  @stem operations are 
connected by conwyor lines. 
o ther  conveyor lfaer, by vhick p&u'tonium f 8*:trmrferred fronr one operation 
t o  mother. . The coavryor lfnrS'c6nu&bg thi. gloveboxes am long enclosed 
tunnel. lined vith p l a s t i c  windour; .Zn .so&'ateas;'thick pieces o f  either 
plaslcic of ce l lu los ic  lasdzut. Mtezf.f' <pade:'frorn hood chips) hrr been 
placed on the Inside OT outsidd'of ,the. gloveb*s'aud conveyor l b e s  88 
rrdiatfon shielding. 

b. trp;rr; th8 s378temk are interconnected by 

(over) 



- 
The f i r e  origisated withi8 the North Line, moved rapidly through the . 
North-South Overhead Conveyor Line, and rubrequently spread through 011. 
o f  the intercormrcsiag conveyorr and into the Center Lirrr. (See figure 1). 
Soma plutorrim contained i n  there l iner burned, rrnd as the glovebox windovs 
burrrod out, plutonium oxide was released into the am. (Note: When 2 

plutonirsn metal burnt, it converts t o  the orride forpI-froIp which it can 
again be converted to =tal without r lgnff ic88t  l o s t  of aafuiaf . )  
Becaus8 of th8 extenrive plutoai= cont.mbration and sdce, a11 perronnel 
entering the area during th8 fir8 vere required t o  u8e relf-contafaed 
breathing air ryrtemr which retnrely limited both accers to, and th8 in, 
the fire u a a ,  There were no lort-time injUrh8 from the f i re  or the fire- 
fighting, although one f i re f igh ter  inhaled s- plutoniun,mst of which 
war quickly eliminated fo11owiag treatment. . (Thir vat reported in  AEC'.r 
second public tt8temant issued 8t 10:30 a.m., May 12,) 

A mall portfori of the 600 tons o f  rbdiatlon rhirldfag nutetih iurrormding 
thc gloveboxes and conveyor l i n e s  vas iga i ted  during the fire, The heroic 
efforts of th8 well-trained f i ref ighter8 succerrfullp rtopped thr spread of 
f i re  to tha rhie1diagrP.uri.r. 

The d a g s  t o  Buildiag 776-777 and i t 8  equipment war extenrive. b addition 
to t h e  actual fire rad -ka k g 8 ,  th. building vas hutrLly con-ted 
h t r r r u l l y  vith pluton%- Substmtiml pa-8 of  the ut%liw 911tem1 vi- 
the bqilding vera rever.ely damaged, Soam of th. intarcomectrd buildings 
rustained mino? interior cont8dnatba. 'Ph8 fSre did mot breach the build. 
2- rwf, but  s l igh t  exterior cmtmth8t%cm W 8 8  w a r t m d  011 th. roof o f  
Building 776 r o d  aa adjoining building, apparently due t o  a minor fai lure  
of 8 filter, P I u t o d m  alsq vas tracked out' of  Building 776.b the fire- 
fighems urd vas detectable on the grouxd around tlu buildfag, There it 
no evidence t h a t  plutonitnn was carr ied beyond the plant  bouadarfes, (See 
public  amnomcement of Hay 13,) The prcrcnt esthaf. of the fiarntial lor8 

(continued) 
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IS= 840. 306 R h *  1, I969 

fbe atnilable e.idmcr.indfcatar that tha fire urigiarted 08 td. 1-r 
ihelf ef the storage crrbiart io Glotnboot 134-24 (re8 f i v e  2) 

one irrch thick of  either pmrwd =rap -tal or l a t h  -8) .nd 8mm 
loose rcrq metal warm r tond  Sa -8d'caur in tha #torage cabfrut0 

burning plutonitm pr-1 eddrrrtly caused the storage c8b-t. vhich war 
constructed mostly of celluloric lamfaate mterfal md PhStiC,  to char 
and generate flrramrble gaur which could htn been ignited by burning 
plutonitrpl, The h u t  of the bu-8 gaser could ignite other briquettes 

irr the cracks betueea the jofned rectiosrs of the celltalos%c t~~aterialr. 

The moka in the urbaust systrrr of the North Liru gradually cloBged the 
f i l t e r r ,  Fl-8 erupted on the outer msrfrcer of the crrbirut and rprud 
to  the combustible trow88 and plartic vfndowr om Cloorbor 136-20. Up t o  
t h i s  time, the f i r e  vas st'ill undetected by the feu people vho uere fn 
the building that day beC8Uf8 the -8, flames, and heat were coatabed 
w i t h i n  the glovebox system. Since the heat detector8 uere located outrtde 
urd under Clowbox 134-24 and were insulated by the 'floor of tb. 8for888 

elsewhere in the glovebox system subsequently did hraction, 8ad the alum 
was sounded,) 

th. 
North -0 ? l U t 0 8 f ? J 8  b r i q t r t t 8 S  (die8 e 8 8  dachrr a d-mr a 

UUCt C8US8 Of S p l i t % =  $8 *aVn; bourn?, p1U-m tha fm 
O f  chip8 Or lath8 -8 I8 8 p-hmfc aUUrkL Tb. h u t  h th. 

urd ini t ia te  8 81- burrrirrg O f  th8 8tm888 C8bf-t =te?f.h, pWtfCul8rly 

cabinet, they =re incapable Of 8UbShg the fit., (SmlU d 8 t l C t O r 8  

Once the  plastic windows of Clowebox 134-24 vere breached, the iarurhing 
air fanntd the fire urd crused it to  spread gOto the North Cormeyor Liar 
8Ild the gloveboxer 8 8 S t  O f  GlOW8bar 134-24, 

The airflow in the btorth Coaweyor Idne norpully soes from east to vert. 
8w8ver, because of th. clogged f i l tur ,  the afrflou 
&id followed the second weatilattozr ~ 8 t . n  wbfch i r  p u t  of she brth- . 
South Warhead Convepr Lfae and the Center XAne. vhm the ffre reached 
the North-South Line, it turned routh becauso o f  bro factorr, a clored 
mu1 door in the 8orth me md thi direction of  tha afrflw. 00 
reaching the Center Lin8, tb. f f i e  again ueng u r t  bemuse of the akflou. 

tha Lio, 1cev8rred 

Findings 

1. W i t h  the evfdrrrte nov a~. i lab le ,  the AEC has no b i t 8  for coacludi*ag - that the f i r e  vas r e t  inuntiolully, 

(codtiuued) 



.. 

-5- 



20 

3, 

4, 

5, 

60 

7 ,  

The .long fntercmmected conveyor. tgt tan wftbout physic81 b 8 d u 8  
provided a path f o r  the f i r e  to rprud. Th. closed metal door in  
the North Liru d8monsTted thr effWt&Wen888 of 8W88 8 h p h  
firebreak f n  the Line, 

The rtomge of pluton%= briquette8 in euar vPthout l i d 8  provided 
potential  ignitfoa eource~. 

Without the pl88ttc and cellulosfc I h t 8  cabinet in Clowebor 1%- 
24, it i 8  ualikelp thrt 8 plutorriuP briquett. bum- in 8 t h  open mu1 
conminer would barn ignited th plast8c uiadeus, 

The 8ddition o f  the storage c 8 b h t ,  vttich nul l i f ied  the heat-rensing 
systea irr Glovebox 134-24, prevented an 88rlisr warning o f  fire, 

Canclusiont 

1, Facilities such 8s Building 776-777 require a hishe? standud of f i re  
protection than previously prov$ded. 

2. Ifore need8 t o  be knovh about the rpoatlrrreous igni t ion and burning 
propertha o f  p l u t ~ n f ~ ~  

d. a design providing for rafe contrinawnt Of buraiag plutonfasn. 
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Acttan Tam by AEC Subseau~nt t o  the Rocky Rats ?ire 
I 

1, 
, 

2. 

3, 

4. 

5. 

The AEC ha8 diract td  i t 8  f i e l d  officer and contractor8 t o  rarx.mint 
major fira r f sks  and t o  @rove fire protection throughout AEC 

The AEC has i n i t i a t ed  an in-depth rummy of a l l  major wcapo~r m u -  
facturing plants  by tu8 consultant compurfer (Factory Iasurance 
Association md  Factory Uutual Rerearch Corporation.) 

f8Cilitf88, 

A rtevaluation i s  being made of the organizational arrangtmntr o f  
the oprrrt ing contractor8 f o r  arruring f i t e  rafety both in f a c i l i t y  
drrign and operating practicer,  

The AEC w i l l  carry out a research and drveloprnsnt program te provide 
more pr tcfse  dr ta  on burning of p lu tonim and of radiation shielding 
mrterfalr md on the e f fec t  of water on burning plutonfrrm. 

Status Report on Current Plant Situation 

1, 0ecovary urd cleanup e f fo r t s  in Building 776-777 bve been ramrrkrbly 
effect ive m d  w i l l  be important i n  offsettiw the effect of the f i r e  
on production scheduler. Contractor rPrnrrgament and a~rployeer have 
worked w i t h  great ingenuiw and persevermce t o  clean up and decon- 
taminate major portioas of the building m d  to r e i t o r e  production 
capabi l im th.re. 

2, Decontamination, clurrrrp, and i n r t a l l a ~ o n  of equipment in gb. fire- 
damaged building bwe =de porsfblo the remqtion o f  develspmentrl 
production, even though not y e t , f u l l  r c a h  Thiq $8 8 rignificant 
r tep.  toward getting plant  operations back fully oa atream. About 80 
percent of the 211,000 square foot  rtmctun h r  n w  been dsconm-  
inatad. 
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Comparatively little is known regarding plutonium lire extQ&hQ 
methods that are reliable in all cases. Much is known. howeva, of &e tlttin.. 
gufshing measures that should not be used. It is knowh for example that the 
rate of plutonium combustion may be markedly increased and, under some 
conditions. explosions may occur following application of water. f- soda.. 
add. carbon tetrachloride. or dxy chemical (sodium bicarbonate) 'extin- 
guisbants." The applfcation of CO, cannot be relied upon to errtinguish pluto- 
nfum fires and its use may signtficantly increase dispersal of plutonium oxtdes 
OVVthefmmedfatearea 

Met-LX (sodium chlorfde). G-1 (graphite), sand. solomite, and ma- 
sium oxide. ALL INTHE FORM OFDFWPOWDERORGRANULMtMA"RIAL,, 
have been used. or have been suggested for use. as 'safe" plutonium fire extin- 
gufshants. Thesematerials cannot be relied uponin all cases to 
plutonium fires. Their application can. howevep, serve the valuable p- of 
confirming the highly taxfc &des created during the &e as well as providing 
suf€hent th- insulation to orpedite handllng of the burning metal. 

The techniques and materials used in handling plutonium 
expected to vary with the amount, fonn, and loeatfon of the metal at the time of 
the flrc The aiditions most &eque&y ~lcounfQed are those in which 
ways safe" quanttties of plutonium are handed in scaled hoods operated under 
negative pressure In such cases. an attempt should be made to isolate the 
burning metal (ffthfs canbe rapldly done) and to cavathe burningmetalwlth 
one of the dry materials mentioned in the prccechg para-ph Thc artin.. 
guishant-ccmrcd bunring metalshould then be plaadinametalcr. -afner 

. extin- 
guishant added. ifntcessary, before W n g  a loose metal cover on the m- 
tainer. 

may be 

whichhas pmously been partially mcd with -t and m\ 

PIutonium flres generally take place witkc::': -dsibic: flame and are char- 
acterized by comparatively slow combustion accompanied by l d  emissfon of 
intense heat and brilliant white light While the latter aspect may be partlaUy 
masked by an oxide coating over the burning metal surkce. the heat is ofken 
suf3cfcnt to cause melting of stahless steel. etc. There are.some indications 
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that the mcltfng of steel in contact with burntng plutonium may be at ileast 

higher mphoridty than p l u t o n i ~  When burning plutonium metal is 
placed inaznctal container. care shouldbe 
ia fflltd with auffldart 
wlth the metal sides afthe conhiner. m e  an approprlatt llnLng (e.&. gmph- 
ite) may be used to prevent direct plutoni~= contact with the metal container. 
use of amgwhantwithin the containais s a  dcslrablefor the dual purpose 
of providing thcrmal fnsufation and fix rcdudng contamtnstfon spread by 
ccmhlng d e s  gmcrated durlngplutonium combustion. 

due to formation afeutectic alloys havinga ~ ~ m c l t f n g p o i n t a n d  

to ens~re that the container 
to prevent direct contact of the p1utoIliU.m 

The flre control procedure outllncd above may or may not result in &in- 
guishmmt of plutonium &ea. Ifextin- occurs. the metal may spon- 
tamow reignite w h a  subsapcntly errposcd to air. If-t docs 
not take place, the plutonium may continue to bum under the 
as long as a day or more bdore complete corxvcrsion to the oxide. 

The Argo- Naitonal Laboratory has recently undertaken a deaafled 
res- project which will attempt to determine reasons for the observed wide 
dfffuences in pymphoridty of metallic plutonium and certain other heavy 
metals. Circumstantial evidence suggests that such vagaries are probably 
intimately associated with water-metal reactions occurring either during or 
after formation, Control of moisture in preparation and subsequent handling 
of the metal, therefore, appears to be a basic factor in minimkhg the possib5l- 
ity of plutonium fltes. 

Experience has deflnttely established that spontaneous, self-sustaining 
I 

plutonium f3res can (under conditions not fully understood) take place in alr in 
massive forms of the metal. but are more likely to occur where hely  divided 
metal is immlved. ?he qctcnt to which probability of &e is influenced by the 
type of coolent used is not known. During ‘dry“ plutonium operations. pluto- 
nium chips may spontaneously ignite due. at least in past. to the heat gener- 
ated during chip creation. To avoid possible spread of fire, the amount of chip 
in the immdatc vicinity of opuations should be kept at a rninfmuxa Com- 
bustible material llkewlse should be kept out of the vicinity. If is protwble that 
the incidence of fires during operations may be mintmfied if conducted in dry 
air or drp inat gas. If any lubricants are used during operations. they should 
beasdreeofmoisturtaspra~le.  

. Ifplutonium chips are to be stored for a period exceeding 24 hours prior 
to rccovay operattons, the probability of spontaneous fires may be reduced by 
briquetting the chips in an inert atmosphere (argon or helium) followed by 
initial exposure and prdembly storage. in dry air. 

Storage, handling* and shipment of plutonium metal in quantities larger 
than %lmyj d e ”  amounts invoh appraisal of critical mass, security, and 
Cost &tors, discussion of which is beyond the scope of this paper. While each 
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1. 

2. 

3. 

The amount ofcombustlble material in the immedhb area of plutonim 
metal should be held to a minimum 

Means should be provided for prompt and propa notlfkatlon in the 
m t  of- consfdaatlon ofautomatic detection devices and perlodfc 

Noncombustible physical barriem should be provided to limit the maxl- 
nntm quanttvof plutanium, that can concefvably be immlvcd ina single 

to a qmntitywblch, iflost. is acceptable to management as a 
~ C a l c u h t e d r l s l t ~  

inspcctionsis- 

4. In provldfng the physfcal barrias above, consideration should be gtven 
to the possible changes in metal gcometxy from f k  accumulations of 
plutonium Oxfdes, and the a f k t  of various &e 
might be used. 

which 

5. Reponsible personnel should recdve continual in apptovtd fite 
prevention and &e fighting techniques. Facilities ncctssary for conduct- 
ing such olperations safely should be provided and periodically checked. 

6. Wherewarrantedbyrd or potential exposure & q i s  or value of the 
pluton$um metal involved, pmisioir of automatic !kc protection by inert 
gas flooding or fixed piping for dry -ts should be studied. 

SUMMAKY 

Until such tfme as fivthcrinfomation becomes available from research 
into the causative factors of pymphorfdty of metalUc plutonium. preventtng 
and controlling plutonim fires must be determined by past experience coupled 
with use of educated judgnmL Tbe high value. the tajddty, securfty and ' 

critical mass considcmtions. combtncd with the unhowns in p1uton.t~ 
phorlcitp and the kct that no &&We means for plutonium fhs 
arekuown, combine to urge considerable cautloniu thehading of this metal. 
The folbwing gcxeral guides for plutonium fire protection appear warrant& 

2. In a plutonium fire, isolate the burning metal 
with errtingulshant and placing in a covcfcd metal container. to mhlmke 
dispersal of plutonium oxide contarrrfnatior, 

e$* by covering 

3. Plutonium metal should oniy be stored and handled in an area in which 
external fir e m  have been reduced as must as possible. 

4. &pectto&veab. 
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'HE .UNITED STATES ATOMIC ENER6Y COMMISSlOW 

PWTONIW CHIP FIRE 

The incident described below i s  quoted from the  Report of 
Imrestigation (with minor modifications t o  eliminate securi ty  
aspects) t o  i l l u s t r a t e  t h e  need for 8xtrema care in cauboting 
fires involving f iss ionablr  materials: - 

"A small f i r e  occurred i n  the fabr ica t ion  lin.8, re- 
sultiag i n  contamhation being spread throughout the  
production area.' The sequence of event i  are as follows: 
Plutonium chip8 had been procarred in to  8 briquet te ,  
p18C.d i n t o  an 8" diameter, 6" deep, s t a i n l e s s  steel con- 
ta lau,  a d  moved down the fabr lca t foa  line coawyor t o  
an analytical balance for  weighing. 

"The arulytfcal bafmce is eaclored la a dry bax 
connected t o  the fabrication liae but separated by a 
s l id ing  door. 
materia1 and t o  prevent a i r  turbuleace durfag vaighiag, 
a t  vhich tine the box becomes a dead-air dry box although 
still a t  a rtatic pressurr approximately 1" of H20 aega- 
t ive t o  the area i a  vhich the  operator is located. The 
chamical operator had iruarted his hands lato the glove 
of the dry box, opened the s l id ing  door, removed the 
material frum the  s ta in less  steel container, placed it 
on t h e  balance, clored the door, and had n e u t y  c q l e t t d  
weighing the briquette. At' t h i s  tinv h8 noticed the 
briquet te  had s t a r t ed  t o  smoke and burn. fa attempting 
to remove the briquette from the bal.nce pan, it wa8 
sp i l l ed  on the f loor  of the dry box. 

This door is used f o r  entry and exit of 

Burning material 

Appendix J-1 



igni ted a glove i n  the d r y  box. 
secured ;I COz extinguisher md attempted t o  extinguish the 
burrnfng gl'ove. In so doing, C02 pressure was expelled 
into the dry box, causing contamination to  be forced out  
into the area as the oper8tor overlooked opening the 
s l i d ing  door leading t o  the fabricat ion line. Several 
crt tngutshers were used t o  control the burning, v f th  
little success. 
a r r tv td  on the scene and immediately opened the s l id ing  
door. The burning material was then scooped up, put back 
i n t o i t h e  s ta in less  steel cozrtainer in the  f abdca t ion  l i n e  
and l e f t  t o  burn under control. The glove port vas taped 
up vf th  masking tape thus again confining the material 
v l thfn  a controlled area. 

The operator itmtedtately 

At tM8 tiam responsible supervision 

'The f i re  did no damage t o  the balance o r  o ther  
c q u i w n t  -thin the enclosures . However, contamfnation 
was vtdespread i n  the immediate are8 with counts o f  
2 3 , V I  p e r  d n u t e  o r  above. The analyt ical  Laboratories, 
d n t e n a n c c  shops and development areas on the same f loor  
were not contaminated. 
cor.taudnated t o  some degree and skbn contamination vas 
evident on 16 personnel. 
one b u r ,  vtth the exception o f  3 people who were sent 
t o  Ikdtcat  f o r  fur ther  scrubbing. 
returned t o  the job within 3 hours a f t e r  reduction of 
count t o  vithfn tolerance 11mLts by the Efedisal Department. 
U r t a e  samples were negative on all but 2 employees, one 
of whom had 152 of tolerance and the other  242 of tolerance. 
Sampling is being contfnued on these 2 men. 

The c to thsr  o f  44 personnel were 

A l l  were decontazfnated within 

These 3 mea were 

"ContsPtnation t o  employees was mdnly by inhalat ion 
and abrorption by body contact. 
than counts p e r  d n u t c .  Lor8 o f  fissfonabLe material 
was very admr, amounting t o  appeoximately 5 grams. 
cost  o f  decontamination o f  the area awunted to  $9500. 
This includes maintenance labor,  production Labor, 
adscellaaeousc!8tertrl and supplies, protective cloth- 
i ng  urd cleaning materials and waste disposal. 

Noso counts showcd l e s s  

The 

"The erac t  cause of the f i r e  i s  undetemined to  date; 
however, the briquette i s ' b t l i e v e d  t o  have ignited 
spontaneously i t o m  f r i c t i o n  caused by r e l i e f  of s t resses  

- 2 -  

Appendix J L l  



from the briquettfng operation. Research i s  i n  process 
tp  see i f  the cause o f  this spontaneous i m t i o n  can be 
dctcmined. Bttquetting o f  t h i s  material has been d i s -  
continued untfl the research is completed. A l l  employees 
i n  the Froduction department have been reindoctsfnated i n  
the proper nethod of fightfng or handling metal chip 
fires.  I1 
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ISSUE 1. 130 - XOV. 27, 1997 

a -  - 

WE UNITE0 STATES ATOMIC'ENERGY COMMISSION 

W L  METALL3C PLUTONIUM PIRE LEADS TO 
MAJOR PROPERTY D M  LOSS 

A mall amount of metallic plutonium spontaneously igni ted 
within a dry box i n  a so-called "fireproof1' building which vas 
t e ln t ive ly  f ree  of combustible material. The story*behind the 
S300,r)r)r) o r  =re property damage ultimately suffered from t h i t  
incident tangibly i l l u s t r a t e s  many fire protection aspect8 of 
broad applicability wherever radioactive materials are  handled. 

Xetalllc plutonium presents three major huards :  (1) It 
can spontaneously i g n i t e  i n  ce r t a in  forms; (2) i s  a fissionable 
metal, plutonium must be handled with special care to avoid 
accidental  c r i t i c a l i t y  incidents;  (3) plutonium and i t s  products 
of combustion are to%ic t o  such a degree th8t eltreaw cart i s  
necessary t o  avoid ingestion, fahalation, o r  skin contact. All 
of these hazards were involved in the  incident described below. 

At  13:13 p a . ,  watchmen discovered a f i r e  which appeared 
to consis t  of plutonium within a dry  box, p las t i c  parts of the 
bor itself, md rubber gloves (aorrp.lly used to avoid t k in  
contact during handling o f  plutonium). KaoUtng that plutonium 
VIIS handled and stored i n  the area, f i re f igh t ing  was delayed 
until personnel could put on protective clothing and evaluate 
t h e  hazards involved. Portable carbon dioxide extinguishers, 
rmgfng up t o  193-pound u n i t s ,  were emptied on the f i r e  without 
e f f ec t .  Although there was considerable uncertrinty concerning 
the c r i t i c a l i t y  hazards involved, uattr spray f i n a l l y  was 
appl ied  to  t h e  f i r e  and provec' cffcctfve f o r  i t s  control. 
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Ihe dry box f i r e  discussed above had two sezious con- 
sequences: (1) It allowed escape urd diastmiaation o f  
consiOcrable plutoni tn  contamination throughout the i k e d i -  - 
area; (2) i t  also burned through the conburtfblc CUS f i l t e r  
a t  t h e  d r y  box p.-nnitting flames and some unburned combustible 
gases t o  pass through vent i la t ing  ductwrlt to the la rge  auin 
bank of f i l t e r s  which vere of a combustible type. Goabating 
f i r e  i n  the nuin f i l t e r  bank was impeded both by r ad~o logfca l  
hazards t o  personnel and b y , d i f f i c u l t i e s  i n  se lec t ing  methods 
fo r  extinguishing the f i r e  d t h o u t  simultaneously destroying 
the i n t e g r i t y  of the f f l t e r s .  

, 

On tu0 occasions during the f i r e ,  minor explosions vert 

About 13 hours a f t e r  its inception, the  
Vir tual ly  a l l  

expcttenced froa as yet  unexplained C ~ U S O O ,  but are suspected 
t o  have occurred in the explosive gas generated by p l a s t i c  
heated i n  the f i r e .  
last remnants of t h e  blaze were extingufrhed. 
of the u n i t s  in the Large f i l t e r  bank were destroyed, 

Plutonium Iiazards and Drv Box Design 

A pecul ia r i ty  of t h i s  incident was the abnerreally l q e  
extent t o  which the e r t f r e  chain of  events was influenced by 
hatanis associated with o . r e l a t ivc ly  smrbl mount of matallic 
plutonium. 
the  metal - an unusual but f a r  from unprececientad experience - 
vhtch produced intense but localized heat  during r e l a t ive ly  
slow combustion. 
beyond the  important fact t h a t  it served t o  iwtt adjacent 
flrranable materials (p r f ju r t ly  the plastic used in portions of 
d r y  box construction). 
r e l a t ive ly  hi& torLcitp of fumes created by plutonium cm- 
bustion, and t h e  need f o r  careful ly  evaluating c r i t i c a l i t y  
ffsks t ha t  might be encountertd,'resulteco fn 3 s igni f icant  
delay i n  select ing and i n i t i a t i n g  use o f  combative measures 
a f t e r  t h e  i n i t i a l  f i r e  was detected. 
personal exposure t o  t o r i c  plutonium 'fumes, t h e  ven.ti1attng 
fan controls were switched to  t h e  high-speed aosftion. 

f i l ter  i n  the dry box erhaust,  allowed f i r e  spread t o  the main 
bank or' cocbustible f i l t e r s  which, i n  turn, were damaged by 

The chain s ta r ted  with spontaneous Fgaftion of 

This heat was of .itself o f  Little significance 

A combination of concern over the 

To reduce possible 

This 
action, however, cogether v i t h  f i r e  descxz:.. . e .L b b t i :  f lamablc  
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f i r e  and perrrdttec! escape of some plutonium cwttmination zo the  
surrounding erternal area. 
d r y  bor a b i l i t y  t o  confine plutonium hazards permffted spread o f  
toric plutonium combustion products within the building. 

Null i f icat ion,  due t o  fire: o f  the 

When these fac ts  are viewed i n  re t rospect ,  i t  appears (by 
hindsight) i r r a t iona l  that f a c i l i t i e s  vert ever designed i n  such 
a manner as t o  p e r n i t  hazards from a r e l a t i v e l y  insignif icant  
amount of material t o  so strongly influence the chain of 
events which l e d  t o  a major loss. The incident  strongly 
reflects the general need f o r  a more comprehensive program 
for  detecting and evaluating f i r e  r i s k s  both i n  design and 
oocrating phases, with par t icular  enpha8i.s on evaluating t h e .  
inordinate degree to whi h f i r e  r i s k s  are influenced by even 

rbnornally Large er tcnt  t o  which radioactive material hazards 
are increased during even a small f i r e .  
the d e s i r a b i l i t y  of appro8ching design of  d r y  boxer used f o r  
radioisotope handling by applyfng the same "contaixnnent" 
phLtosophy*applieQ t o  reactors,  namely, t o  design f a c i l i t i e s  
to wfthstand and t o  contain a l l  radioLogFca1 hazards i n  the 
event of the vorst creditable incident. The separation of 
f a c i r i t i e s  is also suggested f o r  reductfon of  the total risk. 

small quant i t ies  of radi 1 active materials and,  conversely, the 

The same f a c t s  suggest 

Ventilation and F i l t e r s  

Ventilation for  d r y  bores used i n  handling radioactive ma- 
t e r i a l s  may serve several purposes. 
i s  t o  prevent accidental escape of radioactive auterirls i n t o  
external areas by operating t h e  pent f la t ing  system so as t o  
ellincain a negative pressure v t th in  the enclosure. Expansion 
of hot gases generated by a f i r e  within a dry box tends t o  
increase in te rna l  pressure a t  a rate ranging from insignif icant  
to explosive, dependent on t h e  mater ia ls  involved and the 
conditions under which cornbustion occurs. Zf the  rate of pres- 
sure rise due t o  f i r e  exceeds capaci t ies  of  the d r y  box 
vcnt i la t ing  system. a i r  pressure within the 8ry box may excesd 
t h a t  of external surroundings, thereby increasing r f sk  of 
external dispersal  of contamination. 

One of t h e  most important 

. Dry bo% vent i la t ing systems are  nomal ly  equipped vLth a 
f i l t e r  intended t o  rcmve radioactive c o n t d n a t i o n .  Untf 1 . 
f a i r l y  reccntly,  t h e  only  avsiLabLe sa t i s fac tory  f i l t e r s  were 
or' a combustible ry?e. Such f i l t e r s  nay a f fec t  f i r e  risks i n  
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several ways. Partfculant cmbustfon products created b? ir 
tend t o  clog f i l t e r s ,  thereby reducing air flow and drcz . .sLb 
dry bor vcntflotfon e f f ic iency  during 8 period i n  M c h  -a- 
creased vcnt i lotfon eff ic iency is needed. Destructton . f  the 
f i l t e r  by f i r e  nay percdt spreid o f  flames and contanit  Ation 
outside the dry boy, which occurred I n  t h i s  instance. Ffnally, 
some types o f  paper f i l t e r s  may spontinraously ignite follovfng 
prolonged exposure t o  ccr ta fn  chenical fumes (such a8 n i t r i c  
o r  pcrctrlorfc acids). 
screens, autonotfc damkers o r  automatfc spr lnklers  nay h8ve 
consfderable value i n  preventing f i r e  spread through the  d r y  
box vcnt i la t fng system. 

I n  some cases, devices such 8s f i re  

' 

Eianp ins t a t r a t tons  handling radfoactfve m a t e r i d s  u t f l f z t  
a large bank o f  secondary f i l t e r s  t o  "back up" the much smaller 
filters provided on individual d r y  boxes. 
I n  combrtfng f i r e s  involving large banks of secondary f iL te r s  
were -11 i l l u s t r a t e d  by the fncfdent outl ined i n  SEBfOUS 
ACCZDEL! Issue .So. S3, dated Ju ly  27, 19SS. Comp8rable 
problems were encountered during the fncident dcscrtbed above. 
Such f i l t e r s  present several d i f f i c u l t  f f r e  pmblems. If 
vent i la t ion  I s  l e f t  on during a f i r e  t o  rearova smoke and 
contacdnatfon-spread hazards vl thfn the building, r i s k  o f  
i nc reakd  f i r e  dsmoge t o  the secondary f i l t e r s  (and t h e i r  
imzcdiatc surroundings) must be accepted, plus the r isk  of 
dirnersing radioactive par t ic lhs  through destroyed f i l t e r s  
out the s tack t o  be dlspersed over an area that may exceed 
confines of the plant. .Water, one ob the few known e f fec t ive  
c%tfngufshakts f o r  large f i l t e r  f ires,  has setfous draw- 
backs I n  t h a t  water damage p rowt r s  f i l t e r  f a i l u r e  which, La 
turn,  prevents f i l t e r s  from tenting t h e i r  intended purpose, 
t h a t  of renovtng rodfoactfve par t icu lur t  meter. b z 8 t d s  
attending the use of la rge  banks of  combustible f i l t p r s  nay 
t o  a degree be reduced by providing f i r e  bar r ie rs  between 
f i l t e r s ,  by rz lnfd t ing  mrriaum allowable si t e  o f  secondary 
f i l t e r  banks, and possfbly by provision of rutomntfc spr lnkler  . 
ptotectfon. 
cheapest and r a s t  ef fec t ive  currently-known answer t o  the 
large f i l t e r  f i r e  problen on e r t r t c n t  f ac f l i t f e s .  
t ions fo r  f f t e  t c s i s t fve  f i l t e r s  are available i n  the AEC 
IIeadqunrtcrs Safety and Fire  Ptotectfon Branch.) 

The d i f f i c u l t l e t  

* 

?rovfsfon of noncombustible f f  f t r r r  a f fords  the 

(Spcctfica- 

Appenr'fx J-l 



Fi rc f i eh t fne  and F i r e  Detection 

:*ether j u s t i f i e d  o r  no t ,  the realist ic f a c t  nus t  be faced 
t h a t  f i r e s  involving rad io logica l  r i sks  conwnly  r e s u l t  . in  con- 
s i d t r n b l s  delay i n  i n i t i a t i n g  manual f i r e f i g h t i n g  a c t i v i t i e s .  
Because OP t h i s .  increas$d usage of  automatic f i r e  de tec t ion  
and con t ro l  devices i s  c e r t a i n l y  j u s t i f i e d  to  a degree f a r  
exceeding tho j u s t i f i a b l e  prac t ice  commonly used f o r  i d e n t i -  
cal  r i s k s  i n  which r ad ia t ion  hazards are absent. 
probable t h r t  the  provisions of one o r  tw automatic sp r ink le r s  
within the dry boy involved i n  t h i s  f i r e  Muld  have permitted - 
con t ro l ,  and l imited f i r e  and contamination damage-to i tmediate 
surroundings. The provision of automatic s p r i n k l e r s  admi t t e d l y  
may introduce new r i s k s  of con tadna t ion  spread i n  water run- 
o f f  and. i n  t h e  ca re  o f  f i ss ionable  materials, the danger of  
inducing 3n accidental  c r i t i c a l i t y  inc ident .  
provides tangible cvtdence to support t he  b e l i e f  t h a t  f a i l u r e  
t o  provide au tona t ic  f i r e  de tec t ion  and con t ro l  measures f o r  
rad io logica l  risks w i l l  i n  general r e s u l t  i n  a Level of 
personal i n j u r y  and property dauage risks e r c c d i n g  t h a t  which 
tmuld e r i s t  i f  automatic f i r e  de tec t ion  and con t ro l  devices 
werc used. It i s  c e r t a i n  t h a t  any eva lua t ion  of  f ire hazards, 
including rad io logica l  r i s k s ,  nust s e r i o u s l y  inc lude  due 
allowance f o r  thc f a r  lower r a p i d i t y  and e f f i c i e n c y  of manual 
f i r e f i g h t i n g  opera t ions  t h a t  aay r a t i o n a l l y  be expected to be 
conducted where rad io logica l  risks arc involvec'. 

It is qui te  

f e a r l i e r  f i r e  de tec t ion ,  much earlier establishment of  f i re  

The inc ident  

De si un Sinolici t v  

Experience i n  explosives manufacture a f fo rds  a surpr i s ing  

Explosive manu- 
nuqber o f  analogies to guide users of  rad ioac t ive  n i t e r i a l  i n  
e f f o r t s  t o  minimize decontamination expenses. 
f ac tu re r s  c m n l y  Unit t h e  narirnum poss ib le  r f sk  at  any 
s ing le  loca t ion  by l imi t ing  both t h e  amount of  a a t c r i a l  
handled and the  maximum number of people permitted a t  one 
location. Erplosives handling areas a r e  k e p t  a s  f r e e  as 
possible of crtr..meous naterials and f a c i l i t i e s .  Exposed 
surfaces a rc  ninimizcd, and p a r t i c u l a r  care given cturing design 
to n i n i d z e  the tine and exnensc required f o r  conduct o f  
clcaning there surfaces o f  contmina t ion .  
course given t 3  avoidance o f  f i re  risks. Yhile few radfo- 
ac t ive  zaterials tdll involve any explosion r i s k .  the extreme 

Extreme car? is, of 

- 5 -  



Fmportrr?ca of a ln iu iz  ng radioastive decontaadnation expc-.4e i n  
the event of fires su t gests  that radioact ive rarterlal 'usr, s 
may ve l1  p ro f i t  by the hazard l iar i ta t ion and housekeepin.; 
techniques that have been found effect ive and ecoaolaically 
j u s t t f i ab te  i n  the explosives manufacturing f fc ld .  

Conclusions and Conscmmxes 

Following the incident described above, added weight h8r 
been given t o  the AEC-sponsored plutoaiux f i r e  hazard research 
program. a proposal €or e r t rb l i sh tng  wagfneering design 
criteria fo r  d r y  box construction t o  ensure incorporation 
of adequate f i r e  protection has been submitted, and considera- 
t i o n  is current ly  being given to t he  poten t ia l  benefi ts  t o  be 
derive6 by holding a meeting o f  alL major AEC contractors 
concerned with plutonium risks t o  expsdite maximum interchange 
o f  a v d l a b l c  infomation on plutonium hazards and means for 
t h e i r  coatrot. 
v l t h  f i l t e r s  of a noncombustible type has been acceler8eed. 
Increased provisions of automatic fire detect ion and control  
devtccr on radiological risks arc expected. 

dram f r o m  redew of the incident i s  the need fo r  increased 
at tent ion to  evrrluation of f i r e  risks involving radiological 
and/or c r l t i c a l i  t y  hazards. 

The program f o r  replaeing combustible f i l t e r s  

Perhaps the emst important general conchr lon ' t ha t  may be 

". 



ISSUE NO. 246, March 12, 1965 

HE UM"T€D STATES ATOMfC.ENERGY COMMISSSOW 

Onr r t ep  of a dcgreuing operationlbe1.y conducted vithin a gllovebox involved 
dipping 8 perforated bottomed r t a f n l t t i  steel can, f i l l e d  vi tb  PYtallic pluco- 
ni\mr cUpr ,  i n t o  a carbon te t rachlor lda  bath. Th8 container w u  then hung on 
A hookvhtn  the u c e r r  8 0 1 ~ e n t  w u  permitted t o  drain o r  evaporate vhile the 
operator left t o  obtairr m chipi. On hir ret-, about fiva d a u t e r  later, 
he found th previously cleaned chipr *are on f i n .  T U 8  facc of itself vu 
unusual but not unprecedented and a 8 t  mdard procedure rxirted for b a d l h g  
such contingcncier. In iarplcracntfag t rir procedum (which irwolvmd placing 
the chipr on the glovebox f loor ,  covering the  cont.irmr top and all- the 
chipr t o  burn out), tb. rubber-gloved wad of th. operator rlspprd,  all- 
t h e  bud= chfpr t o  fa l l  into the caraon tetrachlori.de bath. Aa uplor ion ,  
acca9rp.at.d by a rhock mve,  W d i a t c  Ly follwmd. 

The u p l o r i o n  n rp tund  the glovebox ( ~ f e  8ccompanying i l l u r t r a t ton ) .  Prying 
fragrnentr injured the oper8tof ' i  l e f t  u n d  t o  a dame curring u 1 t h t e  lor8 
o f  th. l e f t  thumb and fader finger. 
product pares ($2,279) , decontaminrtfc I ($42,723), cores t o  r a c o w r  900 gram 
o f  plutonfua dispersed through th glr re- 1- ($3,0781, a d  plutonfurrn 
lorrrr ($4,600), comprlre the elenmnts making up the $56,359 direct lor8 suf- 
fared from the incident. 

f w g e  t o  equipment ($3,679),  1088 of 

?he fnvartigating c d t t e s  report  included the foll- recePrmerrdrtbM: 

1. w e d  rpring .loaded lid. should be provided on the rolvent dip 
tanks t o  inrura that t h  tanks are not Inadvertently left open. 

2. Th. ruarp next t o  the drr inboi td  rhould be covered 80 that cbipr 
c,aano:c fa11 in to  the solvent u11. 

Prior t o  opening the l i d  of t h e  first d i r  t8nk, operators sh.11 
check t o  rrsure thatno evidaace of fire e x i r t r  i n  t h e  Chip8 t o  
be cleaned. 

I 

3. 

http://tetrachlori.de
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LEADS '1ID $17.500 FIRE -- 
Hetall ic plutonium la the  operations, conducted withfrr a glovabox, ut i l ized  
a circulat iag o f 1  coolant system, de t a i l s  of which a re  given in exhibit I. 
Durfng noram1 operatfon, a -11 portion of the  o i l  splrrhed o r  dripped 
to  the bare of the gloveboxwhere it war impounded by a dr ip  pan (not 
shewn fa the  sketch) hrvlag a pipe connection t o  a valve in the "boz drain" 
line. 
during operation, d r ip  prn o i l  rccrnmrlrtion war rcPrpved cont+ruly. 
Compon8ats of the  box drain line, shown in exhibi t  11, were arranged to 
p e a t  flov yf o i l  through a screen la the  d r i p  pan, through the aide 
out le t  o f  a p i p a  "T" connection, and through the previously mntbotd 
valve, to the suction ride o f  the  coolant o i l  rectrculatiq 

The Incident occurred-during at tenpts  to  unclog the "box dradrr" line. 
chto mint=. mn, a SuperPisor, and 8 health physicis t  Vera present 
daring the entire operation; a l l  were wearing respirators.) Uhen i a f t f a l  
attempt8 t o  c l ea r  the  line (e. g., by f lushing with carbon tetrachloride) 
prowed unttlccesrful, the decision war made t o  try to c lea r  the line by 
rodding the  pipes and connections located beneath the glovebox* To 
control anticipated contamination, I 3 'xb1x2'-high paper and p las t ic  
"pen" vas constnrcted around the d r a b  piping. Paper towels, a bottle 
of decoat.minrtion solution.aad a plas t ic  pan (to catch the anticipated 
flaw o f  o i l  when the  dra in  was opened) were placed on the  f b o r  of the 
"ped'. The pipe cap was removed and a welding rod usad to peobe inaide 
the drainpipe la an a t t m t  t o  dislodge any obrtructfon. It was noted 
that  t h i s  probing prodpced a feu sparks when t he  rod contactad a r ~ e t a l l i c  
object in  the  drainpipe. Subrequently, a center punch w88 fxuerted into 
the dralaplpe in an attempt to rCmove forceful ly  the obstroctfon. The 
hole in the ''pen'' through which the center punch wa8 inserted was rerled 
rround the pMch using tape. The first l i g h t  blow on the center punch 
crured a spark a t  the  location of the obstruction. The recond blow 
produced a large ar~ount of sparking rccompanied by a football-sized 
ba l l  o f  f i r e  tha t  narrowly missed the employee's face. The p h s t f c  and 
Paper pen ignited and the copper drain lfne la the  v ic inf ty  of the "T" 
turned I cherzy-red color from intense heat within the plpe. The f i r e ,  
which lasted about oue minute, was controlled, usfng a portrble extinguisher. 

Thls valve war nomally kept in a "cracked-open" porltion 80 t ha t  
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CHILLED WATER 
SUPPLY 6r RETURN 

Much 4, '6 
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STORAGE TANK 

I 
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v 

7 
XIDENT TOOK PLACE DURING 'WORK ON 
iIS SECTION. SEE EXHIBIT 11 FOR 
T A I L S .  
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ISSUE NO. 262 a r c h  4 ,  1966 

Contaminatba generated by the f i r e  spread throughout the building and. 
through 25 , 000 square f eft  o f  an ad j o  fnfng Building. 
costs  account f o r  most of the  $17,000 l o s s  r o t u l t h g  from the incident. 
A i r  samples, trfren 100' to  the mor&, 190' t o  the  northwest, 123' t o  the  
vest, and 60' t o  the south of the f i r e ,  were highly contaminated. 
general pa t te rn  and extent of airborne contamination Irvels, re la t ive .  to  
surface contamination levels  (which were noe excessively high in the  
building areas involved), provide evidence 02 small p a r t i c l e  sizes * 

(0.12 micron measured count median diamtter  and 0.32 aaersured ma8 mrdi8n 
diameter). 

A l l  persons leaving the  building a f t e r  t he  fare vere requested to  take a 
shower. Fifteen employees within the general  area of the f i r e  received 
inhalation exposures resu l t ing  in deporit iona of 0.'008 t o  0.17 mfcrocurfe 
in the  lung. 

bntamina tic;: c leanup 

The 

Inc iden t Cause 

Irrttestigators believe tha t  the  incfdent was induced by f r ic t ion.  
experience (see SERIOUS MxfoMTS Issue 8246)  had demnrtrated t h a t  
burning p l u t o n i m  chips can reac t  explosively with carbon tetrachloride.  
Anrlyrar of residues in the  dra in  line confirm that a plutonium-carbon 
te t rachlor ide  r a rc t ion  occurred within the pipe. 
a t t r ibu ted  t o  igni t ion of hydrocarbon o i l  vaporized during metal 
combureion. ' 

Prior 

The b a l l  of f i r e  i s  

- Lessons Lerrncd from t& Incident 

This incident again a t t e s t s  t h a t  a r e l a t i v e l y  minor f i r e  io t8db8CtfVe 
mr te r i r l r  caa lead t o  s i z r b l e  property damage by f a i t i a t h g  airborne 
spread o f  contamfnatfon and that the extent of spread La governed by 
d r r f t r  e x i s t i n g  during and immediately a f t e r  the f i r e .  Property damage 
and 1088 l imi t a t ion  by appropriate pre- and porf-er~.rgency control of 
vent i la t ion  i s  a matter warranting ca re fu l  individual study on a l l  
f a c i l i t i e s  handling radbace ive  mater ia ls  subjec t  t o  8prc.d during 8 
f i r e .  

The probabi l i ty  of incident occurrence during ma&tenrnce could have 
been reduced by use of an inert gas atmosphere a t  the  exporred ends o f  
the  vent  line and by subs t i tu t ion  f o r  carbon te t rachlorfde of a fIU8hbg 
f lufd having lower potential  f o r  r e a c t i v i t y  with p l u t o ~ ~ i ~ m .  

The incident a l s o  ra i sed  questions a s  t o  t he  adequacy of procedures and 
equipment f o r  promptly warn g employees i n  the went of r e a l  o r  threatened 
exposure to  a i rborne r 8 d b 8  P t i v i tp .  

- 4 -  (continued 
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The h8Z8td 02 crrbon tatrach~oride-met8~~ic  PhtOafUZI r88Ctfem V I S  pointed 
out Fa SEBrODs ACCPD- Irnre 1246, March 12, 1965, and the potential 
would be suspected from informatian in SEELfoUS ACCIDENTS Issuer #47, 
June 12, 1953, rnd 123, my 1, 1952. Aathcr publfcfty to prevent potential 
carbon tetrachloride rmctbru w i t h  reactive metals vould 9tpe.t justiffed. 
The f a c i l i t y  that d f e r e d  the incident ha. dircoatimred use o f  traps of I 

the type mrnttoncd abope~8ad has initfated study of 811 piping rprtms 
hmfag a potential for collecting metallic plutonfma. 

Dfvfsfon of Operatha81 Safety 
U.S. Atomic Energy bmf8Sblr 

Washington, D.C. 20545 
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Ventilation-Ducts - An Underrut& - 

Fire Hazard: 
------ - - --- 

May 11, 1989, markcd the 20th annivcnary of the 
Rocky Rau (colondo) fin. This f i  which 
occurred in Building 776-m of the fadW, spread 
= Y n p i d l Y ~ t k a v a h e d c o m Y a ~  
and one of the hawmxmg * C o m  into the 
center linc Damage u) BuiIding 776-777 and irs 
equipmau was acmsivc Not only wu that firr 
andsmokdun.rcthCliCwasskosmredumaeto 
substanrid ponioar of utility sptaus within thc 
buildingdintanrlplutoniumranr.min.tian. 
Although the aaa cause of the fuc wu not 
d U C X I & & e v i d c r r c ~ t h U t h c l ~  
u n i n m  glove bax hes  in Building 776-m 
created a windnmnd e f f a  In addition, the inter- 
connected c0-r system. which had m physical 
barrim provided a path for the fuc to spread 
rapidly over a long diruace The p M c  windows 
that wm a major saucnxd part of the conah- 
rncntsynemcnucdan.dditianrlMsomccinthe, 
gim box conuhaunt systa& continuous operuion 
of the glove box vaxihhm systanpraviwa 
consram supply of air to support combustion. nu% 
the 1969 fm u Rocky Flttr mowd vay rapidly 
over a long disancc and caused CrtLclUiye dnm.mto 
the facility. 
Dua fins idso hmthc potemid 10 czuse a m s i v c  

quickly to OW room$ or floors On A p d  5,1989, 
for apmpic there was a fi in an athoun duct for 
a grindhg opention in Buildjng 444 at Rocky Fiats. 
L i h  the long, unhta~UpUd glove box hes  thaz 
contributed to rapid sprading of the 1969 Rocky 
Fiau f i  the long, unimaruptal duct endonucs in 
Building 444 dluwcd thc fue to s p d  very quickly. 

since these f i  can &y s p d  V a Y  

The duct fim dacrikd rbavt UT oniy two of a 
sieniftcvu number thot hnn OCEumd over thc past 

10 years All of these l k s  had two elanmrs in 
commo~~: (1) lack of an adequate dun intpcaion 
and cleaning program; and (2) lack of * 
monitoring and control of "hot work'* aamaes. 
SUChYCUUill&WddiWandlpiUdiW 
In a duct fuc at the Manin Mariara facility in Oak 
Ridge on April 19, 1989, oil residue was ignited by 
a picce of hot oxi& thu entaut thc exhtrtrr dua. 

following a dmii.r ineidart at the fadlity in 1979, 
the ahausc systan obviously had not bem d d  
The buildup of oil and 0;rrid.e rcsiduc found in thc 
ahauscsystanchxccworkappPnatiyhadauaam~ 
avcraperiodofycus. 
WE 5380.4 d&naLcs NationaI Fm Protcaion 
Association (NFPA) staDdafds as the "prrscribcd 
standards" for fire protection progamt DOE 
facilities. 'Ikro of these smndiwk MPA #u 
(Slondord for thc I&raWion of Air CoddWW 
and V i m  Sjstim.1 prrd W A  91 lStPndardfor 
the I m n  of Bkmw and &haus SvsaanrA 
contain valuable guidaua for inwain& 
andxmi&nhgthcscsynans.Adhcrcztcetothat 
NFPA and tht w Of "hot- 
work" parnit system that rrquind both a mk- 
down of an affcacd ucrmd a drdiarrd 
could have prevented all of the duct fm n V i d  

Although paiodicclcrning had beal rrmmmardrrl 

wuch 

HigkRtdc Opemiions 
~ 

In gene& tht d w  &CS mi- could be d- 
bured to one of four types of opedom - torch . 
wdding or cutring on pie nu^^ wdding, e or 
grindhg in the vicinity of ducg grindhg sparks 
igniting loaded fdm b q s  or d u m  
101th Weid@ or Cuw on Plenums - sevenl 
dua f i  ocwrrd during wddislg or cwhu 

modifidon or demolition. of duas without 
considering or accounting for aay combutrible 
material, int idctha~~ Fm fefujted from the 
combunion of such avcrlookcd mueririr as PW 

opaatioru These opaaiom t y e i d y  involved the 



Remmrneddons 
mking actions such as those resomended below 
Wili help p m m t  VCIlfilation dua fvcr 
1. Site pmeativc mlintmlncr prognmt should . 

provide for iarpecrion and claniag of vQltiiation 
and Cthruut duas. The foUowing axeas arc of 
p a K i c U h r c 0 ~  

AIUS what wmbtlsrible liquids (e& 
lubricants or cutting 0% solvenu, etc) arr 
used These mptQhk codcase on intaior 
dua sutfaca and pnsart a highly combustible 
interior fraisfL Lint, ha& md dmil.r itenu 
buiiduponoilysurfras.AMnrm * &. 
tcn.nn is purinriufy imporcpm for duas 
saving aquipmcar whac oil is wd - in e oparriory for uamplc Howmc it is 
imponanr KO note that even wua-bued 
c u t r i n o / c o o ~  fluids can praau a fuc hatyd 
These fluids c a  condasc on the intaior dua 
s- 1- an oil or estn coating when 
the wuet enporotn 
Anu whae Qau "A" combustible mnteriaiS 
or fiben may be mtnincd in thc Wntiliuionl 
erhwst systent bundry and computcr 
opartions for arunpie, arc problem areas for 
the emaimau of clyr "A" combustibles. 

2. To the atcat possible combusdble mucritlt 
should not be wd in the coasmxaion aud 

3. Prepliming aaivitiu should be required prior to 
cuaing, wdding, g r i d n g ,  and ozhcr ''ha? work!' 
T?lcsczaiVities indude both a micw of uhe 
&to k a c m m  anrl an inspcmsm of 
the aaud work a I u  by a q- perso30 
CoPddartion should be given KO conduh. 
mmmision of hut to combustible mrterirt or 
surfaces and KO comact with fluat, slag, or 
sparks. Fixe- shouldbkused at appropri- 
arc irwtinm, a d  "fmtsid" fuc fighting equip- 
mlHx shouid kprovidcd (In - of the 
insidmu reviewed a f i  worth was in e f f i  
when the RR aOrn; however, no fuc dqphher  
WIU avdable to ahguish the f i  when it wu 
in the iacipimt stage) 

4. Sprinkler protection should be innallcd inside 
' duns thaz convey flammable or combustib!c 

motQi(Lis or in ducrr where thcse miuaiak may 
accumulotcifthcgcnazt~isalnadyprotca- 
ed by automtic spinkcrs, it is often &&y 
simple to anend proteaion to the inside of the 
dua. (In some of the cases rcviemd, sprinlcier 
protection inside the dua prevmted a large f i  
I=) 

In addition KO &e * iistcdIbave, 
NFPA 9OA and NFPA 91 contrinimponvu ;mi 
h d p a  guidance for pddnssino wailation d m  
firrs. In high& 
smndadsrCCQmmardtheinsmlhm ofanafccsr 
door in ducu KO facdhte inspection and clcu-inO. 
Using these mudads as a basis for devclopir43 
nccasary procedures and program wilI also ai.d in 
the prevrntion of Mlltilaton duct fins. 

for aruopit, thcSe 

. .  . . .  
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INTRODUCTION 

Several explosions and fires in nuclear facilities from ion 
exchange resins 

Numerous leaks and spills of stored plutonium solutions in 
DOE facilities 

Other contamination including incidents from plutonium 
storage and handling 

Nitric acid-related incidents 
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ION EXCHANGE RESINS 
STRUCTURE 

Strong Base 
Anion Exchangers 

Strong Acid 
Cation Exchangers 
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ION EXCHANGE RESIN 
HAZARDS 

Strong-base anion exchangers 

a 
a 

a 

Combined oxidizer and fuel (in nitrate form) 
Subject to radiolytic degradation from plutonium 
- lowers ignition temperature 
Lower ignition temperature when loaded with Pu(N0,):- 
- < 100°C 

Strong acid cation exchangers 

a 
e 

Generally more stable than anion exchangers 
Still subject to radiolytic degradation - less sensitive than anion exchangers 
Organic material provides fuel for fire or explosion 
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Anion(SB) 

- 
No. 

8N (40%) Pu 
1 

11/63 
10/64 
7/65 
1/67 
5/67 

2 

Anion(SB) 7N (36%) Pu 
Anion(SB) >13N (60%) Np 
Anion(WB) 2N (10%) Fe&Cr2 
Anion(SB) 0.5N (3%) 244Cm 
Anion(SB) - =U 

3 
95°F 
>77"F 

4 Explosion SRP 
Explosion BNL 5 

176°F 6 Explosion ORNL 

7 

8 

9 
-=vi 

ION EXCHANGE RESINS 
ACCIDENT SUMMARY 

Metal 
Ion 

6/62 Anion(SB) 7N (36%) Pu 

Date Resin [HNOjI 
Type' 

7/63 

8/76 I Cation 10.5N 
160%) I Am 

2/94 I Anion(SBP) I 7N (36%) I =PU 
3 = weak base, SB = strong base, SBP = strong 

Country 
or Site 

Rupture France 
77°F Rupture, I Fire, I RFP I Charring 

I 

194°F I Fire I Hanford 

I I Rupture 
I I Explosion I Hanford 

> I  50°C 
ase polyvinylpyridine 

Explosion . I Russia 

2 Suspected t~ be present 
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ION EXCHANGE RESINS 
FACTORS CONTRIBUTING TO INSTABILITY 

Factor 

Nitrate resin form 

High nitric acid concentration 

High temperature 

Plutonium loading 

High crosslinking 

High radiation exposure ' 

Large resin volume 

Reason 

Oxidizing group 

High concentration NO, 

Increases rate of oxidation 

High concentration of NO3 

Groups held close together 

Resin degraded' 

Low thermal conductivity 
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ION EXCHANGE RESINS 
PRECAUTIONARY MEASURES 

Keep resins wet-in use and in storage 

Avoid. contact with concentrated nitric acid 

Do not expose resln to sources of heat (without sufficient 
cooling)' . 

I ,  

^ .  

Provide pressure relief equipment - values and rupture disks ' 
. I  

Do not leave resins*loaded with large amounts of radioactive 
materials for Pomg periods of time I .  

E 
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PLUTONIUM SOLUTION LEAKS AND SPILLS 
0 Large volume of' plutonium solutions in storage 

- 80,000 gallons at SRS 
- 28,000 L at RFP - 7,000 L at Hanford BFP 

0 Plutonium solutions are not chemically stable 

- 
- 
- Potential for precipitation 

Generate H, gas from radiolysis 
Acidity is gradually destroyed by radiolysis 

0 

0 

Tanks and pipe system eventually corrode and leak 

Mitigating factor - plutonium solutions do not create airborne 
contamination until they dry out 

0 '',Infinity rooms" at RFP 
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OTHER CONTAMINATION INCIDENTS 

ORPS recorded 320 plutonium related contamination 
occurrences (1990 - 1993) 

Two hundred and thirty-three were personnel contamination 

Twenty-one involved internal uptake 

Examples to be presented by Martz and Haschke 
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0 

NITRIC ACID - RELATED INCIDENTS 

Corrosive and oxidizing substance 

For example, SRS report summarized (1952 - 1991) 

- Uncontrolled chemical reactions: 61 events 
- Inadequate rate of addition control: 14 events 
- Inadequate concentration con#rol: 8 events 
- Inadequate temperature control: 18 events 

Spontaneous combustion: 9 events 
Personnel injuries: 104 events 
Miscellaneous reactions: I 3  events 



SUMMARY 

0 Relatively low consequence events have had a very high 
frequency of occurrence 

0 Facility workers are frequently directly affected 

- By the event itself - By subsequent clean-up and repair operations 
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DEPARTMENT OF ENERGY 
PLUTONIUM ES&H VULNERABILITY ASSESSMENT 

ASSESSMENT TEAM TRAINING 

April 19-21 , 1994 
Colorado Springs, Colorado 

ASSESSMENT 
METHODOLOGY AND QUESTION SET 

Tony Muscatello 
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ES&H VULNERABILITY ASSESSMENT METHODOLOGY 

0 Based on barrier analysis 

- Material at risk 

- 
- 

Barriers used to protect material at risk 

Adverse conditions/events which challenge barriers 

- Compensatory 

- Consequences 

measures 

to worker, environment, public 
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FigUe A-1 
ES&H Vulnerability Assessment Approach 

PI 
---- 

Glovebox (Barrier) 

Material 

Packaging (Barrier) 

Ventilation I 
I 
I 

(Barrier) I 
I Facility Building (Barrier) 

Site Boundary (Distance Barrier) 

Question '1 Question 2 Question 3 

Facility Holdings and Physical 
Packaging Barriers 

1 . 
identification of ES&H 

Vulnerabilities 
Compensatory -e Consequences - Environment 

Question 7 Question 6 

Measures Wcrker 
Preventive/Mitigative ruoiic 

Question 5 

Conditions 
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1 .  
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. ! a  

** .,.f 
' , '  
1 .  

1 .  

a 
a 
a 
a 
a 
a 
a 
0 
a 
a 

Question 1 - Facility 

Provide summary description of the facility including description of 
processes, (simplified process/material flow diagrams) - - -  

Facility landlord 
Program sponsor 
Facility age/design life 
Design mission/interim mission/current use 
ES&H experiences 
ES&H documentation 
Plutonium aggregation areas 
Important design features 
Design uncertainties 
Facility location (relative to site boundary) 
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\'. :. 

QUESTION SET 
Question 2 - Holdings 

Summarize plutonium holdings. Identify packaging (include the 
maximum age of package) and major plutonium isotope. Retain 
classified inventory data on site. 

e 
e 
e 
e: 
e 

e 
e 

e 

0 
- e  
e 
0 

Disassembled weapons components in DOE custody 
Metal 
Oxide 
Scrap/residues 
Solutions 
Reactor hell (not already reviewed in Spent Fuel Study) 
Sealed sources 
TRU waste. (co-located with plutonium) 
Holdup 
High level liquid waste (co-located with plutonium) 
Cumulative inventory difference 
Other 

n 



.- QUESTION SET 

Questiori 3 - Physical Barriers 

Characterize facility physical barriers for 

0 Worker protection 

0 - Environment and public protection 

Complete a separate table for each material aggregation 
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QUESTION SET 

Question 4 - Adverse Conditions (CQntinUed) 

In-Facility Guideline Examples: 

0 Inadvertent transfers - use of administrative vs. engineered controls, 
lack of facility knowledge 

0 Aging - nearing or exceeding facility, equipment, or barrier design life 
(e.g., plastic 1 yr.) 

0 * Organidnitric acid reaction - mixing of concentrated nitric acid with 
organic materials 

0 Equipment failure - common cause versus single event 

0 Change in mission - time of standby or limitations of standby 
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QUESTION SET 

Question 4 - Adverse Conditions (continued) 

In-Facility Guideline Examples (continued): 

e 

0 

e 

Inadequate seals - poor or degraded seals on gloveboxes, packages, 
ducts, HEPA filters (e.g., filter bypass) 

Potential water sources - in areas where water is excluded (e.g., 
vaults) .or evidence of water (water stains or deposits) 

Inadequate drains - clogged or absent where needed, material 
holdup, uncertain discharge point 

Inadequacy of design basis (e.g., seismic, fire, wind, etc.) - exceeding 
analyzed material at risk, outdated analytical basis 
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QUESTION SET 

Question 4 - Adverse Conditions (cantinued) 

In-Facility Guideline Examples (continued): 

e 

e 

e 

Inadequate preventive and corrective maintenance - large number 
(hundreds) of backlog work orders, especially on safety systems or 
mission-related items 

Administrative controls - large number (dozens) of backlog UOR 
corrective actions or any old (>1yr) UOR corrective actions, 
restrictions on material access prevent or delay ’safety-related 
activities 

Other-specify - other credible adverse conditions 



QUESTION SET 

Question 4 - Adverse Conditions (continued) 

Material Guideline Examples: 

e 

e 

e 

e 

Pressurization - bulging cans or drums, gas generating materials in 
unvented cans or drums 

Pyrophoricity - exposure of plutonium metal to hydrogen or moist 
atmospheres (including inert), >200g accumulations of unstabilized 
oxides, mixing of pyrophoric materials (>3 wt%) and combustibles, 
storage of <Om05 mm plutonium metal particles 

Radioactivity - high radiation materials requiring inspection or 
handling that will exceed 500 mRem/yr or approach 5 Rem/yr limits 
(emgm, materials requiring frequent repackaging) to workers 

Chemical reactivity - chemically reactive plutonium materials in 
storage not adequately analyzed, acids stored in plastic bottles >5 yrs 
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. QUESTION SET 

Question 4 - Adverse Conditions (continued) 

Material Guideline Examples (continued): 

0 

.- 

Americium buildup - radiation or heat hazards not adequately 
addressed (e.g., materials in vaults may exceed heat limits) 

Hydrogen buildup - storage of hydrogen-generating materials in 
unvented containers, exceeding lower flammability limit (4% H2) 

Radiolysis - exposure of plastic packaging to alpha radiation, storage 
of high-concentration plutonium solutions (@9Og/L) at low acidity CINJ . 

for more than 5 yas; (leads t~ precipitation) 

Vo'umetric expansion - exposure of plutonium metal to oxygen or 
other chemical reactant in containers not sufficient ' to hold resulting 
maierial (up to 4-fold expansion) 



QUESTION SET 

Question 4 - Adverse Conditions (continued) 

Material Guideline Examples (continued): 

0 Oxidation - non-hermetically sealed plutonium metal containers (e.g., 
canning imperfections), >2% weight change 

0 Corroding containers 

0 Other-specify - any other material-related adverse conditions 

. .  
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QUESTION SET 

Question 6 - Compensatory Measures 

Describe how compensatory measures at the facility prevent and/or 
mitigate the adverse conditions and events identified in 
Questions 4 and 5. 

0 

0 

Preventive 

Mi€ig ative 

Describe administrative controls as well as hardware design 
adequacy, maintenance availability, operability and reliability for 
prescriptive. and mitigative systems/measures 
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QUESTION SET 

Question 6 - Compensatory Measures 
(Continued) 

Examples of Preventive Administrative Controls: 

Surveillance and Testing - Procedures in place to assure 
operability of systems, including return to  service after 
maintenance; surveillances up to date 

* 

Human Performance Management - Organization, staffing, 
resources, and communications adequate to deal with process 
hazards 

Personnel Reliability - Programs in place for drug and alcohol 
abuse prevention, control of overtime, mitigation of staff 
turnover, and other fitness for duty issues 



.QUESTION SET 

Question 6 - Compensatory Measures (Continued) 

Examples of Preventive Administrative Controls: 

0 

a 

a 

Housekeeping - Physical conditions of work places adequate for 
, protection of workers, materials and facilities, and conduct 

conducive to  safety culture 

Facility Knowledge - Program in place to  compensate for loss of 
knowledge base and skills of retiring personnel 

Safety Culture - Attitudes and skills of personnel are positive 
even if the face of changing missions. and priorities 
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QUESTION SET 

Question 7 - Consequences .. 

For each event identified in Question 5, accounting-for compensatory 
measures described in Question 6, identify potential consequences 
to the workers, environment, or public 

0 

0 

0 

0 

Direct injury 

Exposure 

Contamination 

Environmental Release (ground, water and air) 

General guidelines = don't consider consequences requiring more 
than 3 independent events; however, consider common cause(s) 



QUESTION SET 

Question 8 - Overall Site Summary 

Based on the Site Assessment Team report, provide an overall 
assessment of the site ES&H vulnerabilities 

a 

a 

a 

e 

A description of the site's most important ES&H concerns 

A description of which plutonium activities pose the highest 
risk 

A discussion of current planned actions to minimize worker 
exposure, reduce environmental risks, and protect the public 

Provide any noteworthy programs or practices related to 
plutonium storage, handling, process, and/or shipping 
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0 

0 

DOCUMENT RESULTS 

If a vulnerability exists complete a Vulnerability Assessment 
Form WAF) 

Both Site Assessment Teams and Working Group 
Assessment Teams will capture ES&H Vulnerabilities on the 
VAF 



ASSESSMENT PROTOCOL 

Working Group Assessment Team, Site Assessment Team, and DOE 
Operations Office staff should interact by way of candid verbal 
communications 

Both teams need to understand vulnerabilities concerning plutonium 
operations and storage 

Vutnerability information will serve as a baseline for plutonium 
disposition study 
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0 

0 

0 

0 

0 

0 

0 

WALKDOWN FOCUS 

Facility condition 

Postings and limits 

Rad protection 

Monitoring, control, 

Process equipment 
-. 

I alarm conditions 

conditions 

Facility equipment conditions 

Material and packaging verification 
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TABLE. TOP DISCUSSION TOPICS 

0 Uncertainties about material and packaging 

0 Uncertainties about barriers 

0 Adverse conditions and events 

0 Operational history and experience 

0 Compensatory measures 



i OPERATIONAL HISTORY 

0 Purpose 

- Tool for 

- Topic 
Team 

Working Group 

for Working Group 
Leaders included) 

and Site Assessment Teams 

. .  

Assessment Team training - (Site 



OPERATIONAL HISTORY 
(Continued) 

Computerized database 

- 
- 
- 

Search of ORPS and SPMS 

Search site accident history files 

Identify events relevant to Plutonium ES&H concerns 

- Sort events by site/facility 

0 Reference collection 

- Recent assessments 

- Search DIALOG and OSTl databases 
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Safeguards and Security Assessment for Plutonium Vulnerabilities 

6Y 

B. Smith 
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DEPARTMENT OF ENERGY 
PLUTONIUM ES&H VULNERABILITY ASSESSMENT 

ASSESSMENT TEAM TRAINING 

April 19-21 1994 
Colorado Springs, Colorado 

SAFEGUARDS AND SECURITY ,ASSESSMENT 
FOR PLUTONIUM VU LNERABI LIT1 ES 

Brian Smith 



1 

U 



SCOPE 
.- 

0 
0 Interface assessment 
0 Data collection 
0 Findings 

Sources of data on plutonium 
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0 

0 

0 

0 

0 

0 

INTERFACE ASSESSMENT 

Personnel access 

Ease of movement 

Personnel 
Routine 
Emergencies 

-\ '" Materials . *  4" 

Planning and. coordination 

Security training 
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OBSERVATIONS 

0 Ingress/egress 

0 Material movements 

0 Process operations 

0 Physical inventory 

0 ' Measurements 
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0 

0 

0 

0 

0 

INTERVIEWS, 

Security 

Material control and accountability 

Health physics 

Maintenance 

Operations 

Waste management 



FINDINGS 
, 

Access control 

0 . Health and safety 

Emergencies 
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TOPICS OF DISCUSSION AND OBSERVATION 

a 

a 
a 

a 
a 

a 
e 
a 
a 

0 

e 

\ 

Security procedures - Area access authorization - Access control - Material handling authorizations - Surveillance procedures 
- Lockdowns 
Security hardware and vital area configuration 
Material control and accountability procedures 
Work rules 
Security maintenance 
Provisions during emergencies 
Health physics 
Safety analysis 
Safeguards and security 
Waste management 
Administrative support 
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DEPARTMENT OF ENERGY 
PLUTONIUM ES&H VULNERABILITY ASSESSMENT 

TEAM TRAINING 

April 19-21, 1994 
Colorado Springs, Colorado 

DATABASE TRAINING 

JACK LEVIN 
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HISTORICAL OCCURRENCES DATABASE 

Contents - "Plutonium" related records from: - Occurrence Reporting and Processing System (ORPS) 
1990-1 994,366 records 
Safety Performance Measurement System (SPMS) Unusual 
Occurrence Reporting (UORS) 1980-1 990,179 records 
Rocky Flats (RFP) Occurrences, 1952-1 988, 1 , I 1 1 records 
Historical Incidents Database (HID) Project, 25 records 

Characterized by information da#a elements (Assessment Plan, 
Figure A-3) 

Searehable by - Site - Facility - Type of: 
Material 
Adverse conditions 
Consequences 

Barrier 
Event 

Intent is to provide perspective on historical events both at individual sites and 
across the complex for SAT and WGAT 



3 

SITE 

HISTORICAL OCCURRENCES DATABASE 

Los Alamos National Lab. 
EG&G Mound Applied Tech. 
PANTEX, Mason & Hanger 
Argonne Nat'l Lab-- East 
New Brunswick Lab 
Westinghouse Savannah River Co. 
Westinghouse Hanford ,Def. Ops. 
Battelle Memorial 'lnst. PNL 
EG&G Idaho - INEL 
West Valley Nuclear Services . 
Lawrence Livermore. Nat'l Lab - CA 
Lawrence Livermore Natl Lab - NV 
EG&G Rocky Flats 
Westinghouse Nuclear - Idaho 
Brookhaven Nat'l Lab 
Nevada Test Sited- 

NUMBER OF RECORDS 

ORPS SPMS RFP 
c 

61 

5 
8 

- 6  
57 
I10 

1 
2 
16 
1 
93 

11 
1 

7 
1 
20 
99 
4 .  

1 
4 

22 
4 

a , a d a  

HID 

2 

1 

1 
5 

1 

1 
2 



HISTORICAL OCCURRENCES DATABASE 

STRUCTURE 

0 Name of Facility/Organization 

0 Facility code 

0 Building 

0 Report number 

0 Date of -occurrence 

0 Subject or title 

0 Description 
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HISTORICAL OCCURRENCES DATABASE 

'i 

Demonstration 

Set search criteria 
Display summary hit list result 
Display historical occurrences description result 

. d 

, I_. 

.' . 
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QUESTION SET RESPONSE DATA ENTRY 

0 

0 

0 

0 

Enter response in Wordperfect 5.1 question set template 

Limit narrative to 1-2 pages per question and include references 

Insert rows in tables as necessary 

Prepare one question set for each site-facility-function 

-._ 
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QUESTION SET RESPONSE 

Walk-through of sample question set data entry 
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0 

0 

a 

0 

0 

QUESTION SET RESPONSE 

QUESTION 1 - FACILITY 
Enter site, facility, function in space provided 

Enter facility landlord, program sponsor, in space provided 

Enter facility age and design life (in years) in space provided 

-- 

Insert narrative responses immediately after each question, 
including sequential reference number 

Enter applicable references, including appropriate number 
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0 

0 

0 

QUESTION SET RESPONSE 

QUESTION 2 - HOLDINGS 

Enter DOE material-manager in space provided 

Enter principal plutonium isotope, package types (Table A-I), and 
maximum age for each package or barrier type 

- Next cell = tab 

- Previous cell.= shift tab 

Insert additional rows as necessary 

- Alt-F7, Ins, 1 



,. 
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QUESTION SET RESPONSE 

QUESTION 2A - CLASSIFIED HOLDINGS 
0 Classified information 

0 Maintain in secure setting, remains at site 

0 DO NOT ENTER classified information in electronic question set 
responses 



QUESTION SET RESPONSE 

QUESTION 3 - PHYSICAL BARRIERS 

0 Duplicate template for each material aggregation 

0 Enter material aggregation in space provided 

0 Enter barrier type (Assessment Plan, Table A-2) for each barrier 
in space provided 

0 Edit WB-17 "Other" or EB-12 "Other" as necessary. Add types if 
necessary. 
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QUESTION SET RESPONSE 

QUESTION 5 - POTENTIAL EVENTS 

0 Replace 0 with X as appropriate 

0 . Insert description/reference on line below applicable potential . 
' event 
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QUESTION SET RESPONSE 

QUESTION 7 - CONSEQUENCES 

Enter 

Insert 

Events identified in Question 5 

additional rows as necessary 
- Alt-Fi', Ins, 1 

Enter Y or N as appropriate 
- Next cell = tab 
- Previous cell = shift-tab 

Enter event name and explanation for each "N" 

Y 
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ES&H VULNERABILITY ASSESSMENT FORM 

0 

0 

0 

Duplicate template for each vulnerability 

Enter vulnerability number in space provided 

Site - Facility - Function - Sequential number 

Enter narrative responsein spaces provided, table will expand as 
text is entered 

0 . Block 9 - enter applicable adverse condition and vulnerability 
eventhoncern. Replace - with X for applicable potential 
consequences. 

0 Enter names of team member, team leader 
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DWFT SITE REPORT 

0 Print draft question set responses and vulnerability assessment 
forms 

0 WGAT review and validation 

0 Revise as necessary 

0 Print final question set responses and vulnerability assessment . 
forms 

Return hard copy and electronic files to working group 0 
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Assessment Team Training 
April 19 - 21,1994 

Team Dynamics 

Presented by: 
Bryan Parker 

Operations & Training 
Technology Applications (OTTA) 

Idaho National Engineery Laboratory 
EG&G Idaho, Inc. 

I 



TEAM SKILLS-TEAM DYNAMICS 

PURPOSES 

Purpose of the Assessment Project 

prep= a comprehensive assessment of the 
environmental, safety and health (ES&H) 
vulnerabilities arising from the Department’s storage 
and handling of its current plutonium holdings. 

and serve @ an r n f o m o n  b u f o r  
The assessment will jdentifv and pnonttze FS&y 

identifying interim corrective actions and options for 
the safe management of fissile materials. 

. .. 

“Confirm what we know and reveal what we don? 
know, ... for the safe management of fissile materials. 
This effort is not a compliance audit or a fault-finding 
exercise. It is to gather data. 

Assessment Team Training Purpose 

At the conclusion of the training, team members will be 
able to: 

Work in teams to conduct facility assessments in an 
effective manner. 

Write findings consistent with the information needs of 
the DOE. 

Gain a clear understanding of the purpose of the study, 
how the study will be conducted, what their roles and 
responsibilities are, and the knowledge and 
techniques for gathering needed information. 

Assessment Team Training 1 - 



Lesson Purposes 

Bring groups of individuals to a common 
understanding of the essential elements necessary for 
effective work teams. 

Begin oh continue the team development process 
helping move the Assessment Team membership 
toward becoming a functional work team at the 
appropriate level. 

IMPORTANT DEFINITIONS 

-Asusment Toam Training 2 Team Dynsmlcst 



GROUPS VERSUS TEAMS 

Groups . 

Members group together for administrative purposes only. 
Individuals work independently, sometimes at cross 
purposes with others. 

Members tend to focus on themselves because they are 
not sufficiently involved in planning the unit's objectives. 
They approach their job simply as a "hired hand". 

Members are told what to do rather than being asked 
what the best approach would be. 

Members distrust the motives of colleagues because they 
do no understand all roles on the team. Expressions of 
opinion or disagreement are considered non-supportive. 

Members are so cautious about what they say that real 
understanding is not possible. Game playing may occur 
and communications traps are set to catch the unwary. 

Members may receive good training but are limited in 
applying it to the job by the supervisor or group members. 

Members find themselves in conflict situations which they 
do not know how to resolve. Their supervisor may put off 
intervention until serious damage is done. 

Members may or may not oarticioate in decisions affecting 
the team. Conformity otten appears more important than 
positive results. 

3 Team Dyn8mlca- 



Teams 

Members recognize their interdependence and 
understand both personal and team goals are only 
accomplished by mutual support. No "turf" or "NIH." 

Members feel a sense of ownership for their jobs and unit 
because thy are committed to goals they. helped establish. 

Members contribute to the organization's success by 
applying their talent and knowledge to team objectives. 

Members work in a climate of trust and are encouraged to 
openly express ideas, disagreements and feelings. 

Members practice open and honest communication. They 
make an effort to understand each other's point of view. 

Members are encouraged to develop skills and apply 
what they learn. They receive the support of the team. 

Members recognize conflict is a normal aspect of human 
interaction but they view such situations as an opportunity 
for new ideas and creativity. They work to resolve conflict. 

Members participate in decisions but understand the 
leader must make a final ruling whenever the team cannot 
decide. Positive results, not conformity are the goal. 

Dangerous Misunderstandings About Teams & 
Teamwork 

1. Calling a work unit a team in the belief that "team 
language" alone will change the way work is done. 

2. Initially "sharing" leadership short-cuts development. 

3. Teams can develop on their own, without real support 
from within/without (ie., training, resources, & time). 

4. There is no need for a clear vision or expectations. 

5. Setting up teams is an isolated act. 

-A888rmmt Team Training 4 Team Dynamic8- 



6. Teams are a not results oriented until they mature. 

7. Traditional managers & supervisors cant coach or 
facilitate teams. 

8. Teamwork means lots of meetings. 

9. Teamwork works in any setting, any timet 

1O.Teamwork is easy to do and implement. 

I 
~~ 

How much of a team do we really need to be? r 
~- ~ ~~ 

High Performance Team 

Highly 
Functional/Competent Team 

Comp e ten t /Con tr ibu t ing 
Team 

Informal Un it/Gro up/Team 

Group . of Individuals 

Individual Contributors 

- Assesnment Team Training 5 . Team Dynamics- 



Highly interdependent and interactive team which 
must maintain their team "processes" at a high level to 
achieve tme effectiveness and move toward their decided 
upon common mission. There is a major effect on 
productivity and overall success (team and 
organizational) without ongoing attention to appropriate 
high performance team practices and behaviors. 

Interdependent and interactive team which needs 
to be well above average in team effectiveness. Team 
members pay extra attention to group processes. This 
functional team, not individuals, makes a significant 
contribution to productivity and overall success (team and 
organizational) . 
Team makes a competent/important contribution 
to overall success (team and organizational) . Team 
member interdependence and routine interactions 
means that contributions could not exclusively come from 
individuals. Team members are aware of and attend to 
group processes. 

Some kind of loose organization exists but does 
not make an indispensable Contribution to 
productivity or overall success (team and organizational). 
Some routine interaction is necessary to achieve the 
decided upon goal. Some attention is paid to group 
P-. 

A grouping of individuals which makes little vital 
contribution as a formal unit. Has working practices 
which do not necessarily require a decided upon group 
process. The individuals share very little routine 
interaction. 

Not really a team at all (more like individuals 
who interact occasionally). Individuals contribute 
just as well to the end result without routine interaction or 
collaboration. 

-Aimrun@nt Term Training 6 Team Dynamics- 



SEVEN CHARACTERISTICS OF HIGH 
PERFORMING TEAMS 

One-Team. members share a common vision & 
purpose 

I. ,,.. ... , . 

Purpose must be clear, understood, and accepted 

Challenging goals must be mutually agreed upon 

individuals do not abandon their own personal goals 
(goals align with team vision, purpose, and goals) 

Two-Team members are empowered 

Empowerment is encouraged by four elements 

--listening 
--tmst 
--clarification 
--balance * 

Power is within the team to make decisions 



Responsibilities are shared 

Team processes enable members to do their jobs 
easily 

Three-Positive relationships and 
communications exist 

Trust must be mutual with all members 

Stars & excuses are not allowed 

Situation, issue, or behavior, are the focus; don't 
personalize conflict 

Conflict and differences are respected 

"Teamness"-the f88lhg of teamwork is encouraged 

Listening remains the forgotten element of 
communication 

"Clustering" enhances the team's communication 
always and all ways 

I 



THE ."CLUSTER" 

A cluster is an informal meeting that can be called by any 
member of a specific work team. The purpose of the 
cluster is to encourage cooperation, openness, a-! better 
communication with team members. Most often, e 
cluster is held as a "stand up gathering" to encourage 
"quick hitting" communications. It can be held just about 
anywhere. If the cluster turns into a formal sit-down, 
agenda-driven meeting it is less effective. Clusters 
should 
tangential topic discussion. 

turn into formal staff meetings or forums for 

Team members need to understand that Bnvone, at 
time can call a cluster. This is a simple form of 
empowerment leading to selfdirection. However, some 
simple helps need to be followed or a team can soon get 
clustered to death! 

Clustering should happen when: 

1. salienthmporlant information needs to be shared 

2. critical information is needed to help complete a 
team-essential task 

3. good news is available for sharing 

4. solid information is available to stop speculation 

5. needed to enc.ourage "teamness" 

Don't cluster when: 

1. the subject is trivial 

2. aformal meeting would be better 

I 3. there is poor preparation 

4. you could communicate better in some other way 

5. the information has negative interpersonal impact 
to any member of the team. 

- AausAent  Team Training 9 ,- Team Dynamics- 



How is the duster announced? Most often, there is less 
than 10 minutes notice. Because the duster is intended 
to be short, informal, and cover only very essential 
information, everyone on the team is encouraged to 
"drop" what they are doing and gather at the designated 
duster spot. A typical announcement may go something 
like this: "Cluster here (wherever here is) at 1O:OO-be 
there!" or "Five minute clarification duster in my office in 5 
minutes." - 
Who has the responsibility to announce a duster? The 
announcement obviously begins with the team member 
who will be sharing, or needing information. After that, it 
is everyone's reswns ibilii to "get the word out." This 
happens very quicklyquick phone calls, quick' 
announcements over cubide walls, or controlled yelling 
on the sidewalks1 Someone may even be designated as 
the "dusterer," to walk through the work areakite ensuring 
everyone is aware of the impending cluster. 

Often times, clusters do not require everyone's 
attendance. When only specific people are needed, this 
miniduster should be announced -to those people. If 
there is a question regarding who should be involved 
always move toward more participation aless. 

If utilized appropriately, the duster can encourage 
"tamness," promote openness, and improve intra-team 
and inter-team communications immensely. The duster 
concept addresses the critical communication and 
collaboration dimensions needed to encourage true 
teamwork. 

Fdur-Team members are flexible 

Comfort zones-bewarel 

- Strengths are recognized and utilized 

Change is recognized and adapted to 

Roles are understood 

. -  . I  . ,- , . , - .  I 
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’WHAT IS MY ROLE ON THE TEAM?” 

Task-oriented roles help the team to perform its 
ask(s). 

I. lnitiating: Helping the team get started 

?. Seeking information or opinions: Requesting 

3. Giving information or opinions: Offering useful 

0. Clarifying or elaborating: Interpreting or reflecting 

5. Summarizing: Organizing ideas so the team will 

5. Checking for consensus: Checking to see how 

facts, asking for clarification. 

information; expressing what one thinks or feels. 

ideas and suggestions. 

know what it has discussed. 

much agreement exists. 

Mainfenance-oriented roles assist in helping 
teams work together on a continual basis withoul 
jamaging egos. 

I .  Actively Listening : This involves acknowledging 

2. Encouraging: Being friendly, warm, and responsive 

that the other person is understood. 

to others and their contributions. 

I 

3. Gate-keeping: Attempting to keep communication 
channels open; making it possible for others to 
contribute. 

4. Managing conflict/harmonizing: Attempting to 
reconcile disagreements between opposing points of 
view so the group can continue to work. 
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Self-oriented roles do not serve the group's needs 
and are afunctional. They block progress toward the 
task. 

7. Blocking: Being negative, stubbornly resistant or 

2. Attacking: Deflating the status of others; attacking 
. values, acts, or feelings. 

3. Playing: Displaying lack of involvement in a team's 

4. Seeking recognition: Boasting or reporting on 

5. Deserting: Withdrawing in some way, is indifferent, 

6. Dominating: Asserting power of superiority to 

7. Shifting subjects: Changes the subject continually. 

disagreeable. 

processes. 

personal achievements. 

silent, or aloof. 

manipulate the group. 

Goes off on tangents. 

I 

Five-There is a commitment to achieve optimal 
productivity 

Group process (the "how") is the key to success 

Commitment to deadlines and goal achievement (the 
"what") is essential 

. . . . . . . . .  . . . . . . . 
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Decisionsdeade beforehand how will they be made 

Six-Team members are recognized and 
appreciated 

Recognition by team leader and r, .dmbers should be 
frequent and frank 

Seven-Morale and team spirit are high 

Work environment should be fun and collaborative 

Team spirit is collaborative, positive and sincere 

Trust, respect, and equality are needed 

Language is que to the state of the team; "we" not "I" 
I .  

STAGES OF GROU~\DEVELOPMENT 

Two key variables to watch during groupheam 
development -competence and commitment 

\ 
.. ' Four predictable stages of group development: 

\ 
\ 

1. Orientation "Forming"-productivity is low, morale is 
relatively high 

2. Dissatisfaction "Storming"-productivity increases 
slowly, morale drops to lower level 

3. Resolution "Norming"-productivity increases, 
morale begins to improve 

4. Production "Performing"-productivity is high, the 
team is working optimally, morale is high 
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FUNDAMENTALS OF 
. EFFECTIVE TEAMWORK 

Why write an article on the participant’s role in 
creating high performing teams? Most rticles 
and books address only the leader’] role. 
However. members play a critical part in help- 
ing their group achieve its goals. Too often 
members assume that the success of the group 
is primarilv the responsibility of the designated 
group leader. Often, if the group fails to func- 
tion productively, participants either withdraw 
and become passive or become angry and ag- 
gressive. In either case. thev contribute little to 
the groiip‘ssuccess. The mith is thatwhen each 
member accepts and shares responsibility for 
the SLiccess of the group, powerful and exciting 
things begin to happen. This article is for those 
group members who want to know what thev 
can do to help their group. 

’ 

I 

As a group member who wishes to inspire the 
development of a high performing team, you 
must take three essential steps. 

Step One: Be clear about what you want to 
create. What does a high performing team look 
like? An ancient Chinese proverb says: “If you 
don’t know where vou’re going, any path will 
take you there.” 

Step Two: Be clear about what the path looks 
like. Once YOU understand what the path looks 
like, you will be in a better position to recognize 
the signposts along the way. 

Step Three: Develop and use the group skills 
needed to facilitate the journey. 

This article is about these three steps: what a 
high performing team looks like (the seven 
characteristics ofa high performing team); what 
the path looks like (how to diagnose the stage c 
group development).; and, most important 
what kinds of things you as a member can do io 
facilitate the journey. 

) 
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PERFORM: CHARACTERISTICS OF 
AHIGHPERFORMINGTEAM , 

X i a t  does a high performing team look like? It 
* I  .n best be described by seven characteristics 

depicted by the acronym PERFORM. 

Purpose. Members of high performing teams 
share a sense of common purpose. They are 
clear about what is the team’s “work” and why it 
is important. They can describe a picture of 
what the team intends to achieve. They have 
developed mutually agreed upon and challeng- 
ing goals that clearly relate to the team’s vision. 
Strategies for achieving goals are clear. Each 
member understands his/her role in realizing 
the vision. 

Empowerment. Members are confident about 
the team’s ability to overcome obstacles and to 
realize its vision. A sense of mutual respect 
enables members to share responsibilities, help 
each other out, and take initiative to meet chal- 
lenges. Policies, rules, and team processes 
enable members to do their jobs easily. Mem- 

rs have opportunities to grow and learn new 
--d 2 ‘11s. There is a sense of personal as well as col- 
lective power. 

Relationships and Communication. The team 
iscommitted to open communication andgroup 
members feel they can state their opinions, 
thoughts, and feelings without fear. Listening 
is considered as important as speaking. Differ- 
ences of opinion and perspective are valued 
and methods of managing conflict are under- 
stood. Through honest and caring feedback, 
members are aware of their strengths and weak- 
nesses as team members. There is an atmos- 
phere of trust and acceptance and a sense of 
community. Group cohesion is high. 

Flexibility. Group members are flexible and 
perform different task and maintenance func- 
tions as needed. The responsibility for team de- 
velopment and leadership is shared. The 
strengths of each member are identified and 
used, and individual efforts are coordinated 
when necessary. The team is fluid and open to 
both opinions and feelings, hard work, and fun. 
Members recognize the inevitabilitv and desira- 
bility of change and adapt to changing condi- 
tions. 

Optimal Productivity. High performing teams 
produce significant results. There is a commit- 
ment to high standards and qualitv results. 
They get the job done, meet deadlines, and 
achieve goals. The team has developed effec- 
tive decision-making and problem-solving meth- 
ods that result in achieving optimum results 
and encourage participation and creativity. 
Members have developed strong skills in group 
process as well as task accomplishment. 

Recognition and Appreciation. Individual and 
team accomplishments are frequently recog- 
nized by the team leader, as well as by team 
members, by celebrating milestones, accom- 
plishments, and events. Team accomplishments 
are valued by the larger organization. Members 
feel highly regarded within the team and expe- 
rience a sense of personal accomplishment in 
relation to their team and task contributions. 

Morale. Members are enthusiastic about the 
workof the team, and each person feels pride in 
being a member of the team. Confident and 
committed, members are optimistic about the 
future. There is a sense of excitement about 
individual and team accomplishments as well as 
the way team members work together. Team 
spirit is high. 

‘ 3  



STAGES OFGROUPDEVELOPMENT* 

A team that is at the PERFORM stage is i d eal; 
however, groups do not start at that stage. In- 
stead, groups tend to move through a series of 
predictable stages in their development from a 
collection of individuals to a high-performing 
team. While each group is unique, all groups 
tend to share common stages and characteris- 
tics. Knowing and understanding these stages 
and characteristics helps to clarify the interac- 
tive process that occurs when several individu- 
als meet. 

The two key variables used to determine the 
group's stage of development are level of Pro- 
ductiviv and level of Morale. Productivity re- 
lates to hotv competent the group is in its level 
of knowledge and skills and its ability to com- 
plete tasks. Morale relates to the group's com- 
mitment as measured by its motivation, confi- 
dence, and cohesion. 

Stage 1: Orientation. During this stage, 'pro- 
ductivitv is low and goals are unclear. Skills and 
knowledge as a team are undeveloped. Morale 
is relatively high since members are eager and 
have positive expectations for the group. Group 
members are dependent on the leader and 
have some anxiety about their individual roles 
and connection with the group. 

Stage 2: Dissatisfaction. Productivity increases 
slowly as the group's skills and knowledge start 
to develop. Morale, however, drops to a low 
point as initial hopes and expectations for the 
group are not easily met. It is the inevitable. 
"after-the-honeymoon" effect. Feelings of frus- 
tration, competition and ci>nfusion are evident. 

4 

Stage 3: Resolution. Productivity continues tc- 
increase as group skills and knowledge furthc 
develop. Goals become clearer or have been 
redefined. Morale begins to improve as the 
group develops methods of working together. 
Negative feelings are resolved. Cohesion and 
positive feelings increase, and confidence as a 
group begins to develop. 

+4 

Stage 4: Production. In this stage, the team has 
developed the skills and knowledge necessary 
to work well together and to produce desired 
results. AI1 the PERFORM characteristics are 
evident. Members have positive feelings about 
each other and the' accomplishments of the 
group. They are no longer solelv dependent on 
the leader for direction and support; instead, 
each member assumes leadership roles as nec- 
essary. This stage is indicative of a high-per- 
forming team. 

The productivity and morale curves depicted in 
the Stages of Group Development model (Fir 
ure 1) illustrate the growth that a group exper, . 
ences during its life cycle. The amount ofwork 
accomplished steadily increases from low to 
high through the four stages. Morale, on the 
other hand, starts out high in Stage 1 (Orienta- 
tion), and then takes a sudden dip in Stage 2 
(Dissatisfaction) as the initial high expectations 
of group members are not met. If, in the Dis-' 
satisfaction stage, conflict is dealt with, inter- 
personal issues are resolved and tasks are rede- 
fined so they are more achievable, then morale 
begins to build again in Stage 3 (Resolution). 
Ultimately, 50th productivity and morale are 
high in Stage 4 (Production). 



DIAGNOSING THE STAGES OF 
GROUP DEVELOPMENT 

sing this model to determine a group's stage Y development requires that team members. 
develop the skill of observing the group's inter- , 
action. Each member's ability to diagnose which 
stage the group is in is helpful to the group's de- 
velopmen t. 

It is easy to recognize a high-performing team. 
When all of the PERFORM characteristics are 
present and operating, the group is in Stage 4 
(Production). 

If the group is not in the Production stage, it is 
somewhat moreIdifficult to determine which 
other stage the group is in. The stage can be 
pinpointed by specifically focusing on two of 
the PERFORM characteristics-Morale and Pro- 
ductivity. (See Figure 2.) 

How high is group morale? Are group mem- 
bers satisfied? Morale and satisfaction tend to 
be higher in the Orientation stage as there is 

citement associated with the new group and z pectations are high. Morale then tends to dip 
in the Dissatisfaction stage as the "honeymoon" 
period wears off and the reality of the slow 
progress ahead becomes apparent. As progress 
is made, however, morale once again increases 

as the group becomes more productive in the 
Resolution stage. Thus, if morale is extremely 
low, the group is likely to be in Stage 2 (Dissat- 
isfaction). 

How productive is the group? Is the group 
getting the job done? Are effective decisions 
being made and appropriate actions taken? 
Group productivity tends to increase steadily; 
therefore, the amount of work getting done is 
an indicator of the development stage-the 
more work accomplished, the higher the stage 
of development. If little or no progress is being 
made by the group, it is likely to be in the 
Orientation stage; that is,'the group may be 
energetic, but not much is being achieved. 
Thus, Stage 1 (Orientation) is characterized by 
low productivity and high morale. 

If the group's morale is improving, the group is 
likely to be in the Resolution stage. For ex- 
ample, the group has learned how to work to- 
gether openly and how to make effective deci- 
sions. Although confidence is not strong, 
members feel increasingly good about working 
with one another. Thus, Stage 3 (Resolution) 
is characterized by high productivity and im- 
proving morale. 

I 'F I i I  THEN 

Productivity: Low - Moderate Stage 2 - Dissatisfaction 
Morale: Low I 
Productivity: High 
Morale: High I Stage 4 - Production 

A High-Performing Team! 
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HELPING THE TEAM DEVELOP 

Once the group’s development stage has been 
diagnosed, it is each member’s responsibility to 
help the team develop. A group can be com- 
pared to a machine. It has a job to do, and it 
must function smoothlv to complete the job 
efficiently. Behaviors ;hat directly affect the 
group’s productivitv in getting the job done are 
called Task Behavion. Task behaviors provide 
direction for the group. 

Those behaviors that are related to improving 
morale and the smooth operation of the group 
are called Maintenance Behaviors. Maintenance 
behaviors provide support for the group. Both 
types of behaviors are critical if the group is to 
develop fully. Ideallv, task and maintenance 
behaviors are shared by all members. 

Task Behaviors Focus on the Group’s Goals 

Task behaviors focus on what the group is to 
accomplish. They are important in every stage; 
however, they need to be emphasized when 
productivity is low, when goals are unclear, and 
when knowledge and skills need to be devel- 
oped. This is characteristic of Stage 1 (Orienta- 
tion) and Stage 2 (Dissatisfaction). These 
behaviors are especially importantwhen agroup 
first begins to work together. Listed below are 
examples of task behaviok 

Initiation can take several forms, such as intro- 
ducing an agenda or a procedure for problem 
solving, proposing a new topic or suggesting a 
different course of action. 

“Let’s t a b  a look at some other options regarding.. . ” 

Information Seeking and Giving involves solic- 
iting ideas from others and offering opinions 
and suggestions. 

“Gina, based on yoh-experience, how do you  think we 
should handle.. . ” 

6 

Clarifying and Elaborating includes interpre’ 
ing suggestions, clarifjing confusion. clefinin, 
terms, restating messages, and building on ideas. 

. 

‘Tsee what you menn, John, anti, in nddition, we 
might be a& to.. . ” 

Summarizing behavior involves svn thesizing all 
of the relevant information and presenting it in 
an understandable way. 

“To summarize what weire discussed.. . ” 
Consensus Testing entails checking with group 
members for agreement on a task-relevan t 
decision or evaluating the decision a group has 
reached based on stated criteria. 

“Does m q o n e  agree, then, that our options are.. . ” 
Coordinating means managing and sequenc- 
ing the flow of ideas or information. 

“Let’s hear all the alternatives before we decide on tttb 
best course of action.” 

It may be helpful to appoint one of the group 
members the role of monitoring task behaviors 
to keep the group focused on moving toward its 
goals, intejectingas necessary to keep the group 
on track. 

‘3 s e m  like weye getting off track. We agreed to 
discuss this topic for 30 minutes. That time is up. Do 
we want to continue on this subject or move on to the 
next item on the agenda?” 

Maintenance Behaviors Help the Group Func- 
tion §moothly 

Maintenance behaviors are directed toward 
developing or maintaining group harmony and 
cohesiveness. They are most needed when 
morale is low in Stage 2 (Dissatisfaction) and. 
when morale is improving in Stage 3 (Resol 
tion). Listed on the next page are examples 01 -’ 
maintenance behaviors. 



"ctive Listening involves acknowledging that 
e other person is heard and understood 

through the use of verbal and nonverbal cues. 

"Js I uriderslantl YOU con-ectlv, ruhnt YOU are saying 
is. . . " 
Encouraging involves being friendlv, warm, and 
responsive to having others participate in the 
group discussion. 

"Gnr~,  you be find some rx,!wrience i ~ i  this area. I'd 
r ~ &  iike to f i m  rufictt ~ o u  think." 

Gatekeeping behaviors include monitoring the 
group communication. allowing less talkative 
iiienibers to contribute, and controlling the air 
time of more assertive tnembers. 

+ 

"Torn, pour points (ire important. I think we should 
hear from some of the members ruho knvcn't coni- 
mnted ypt. " 

.. ')anaging Conflict includes attempts to resolve 
or reconcile differences bqttween group mem- 
bers. . 

"Since we all agree that tfie project needs to be com- 
pleted bgore /lie end of tfie month, lets see i fwe can 
discovers creativpzuaj to include the best of both Larry 
and il.licfiele's idecrs. " 

Again, it may be helpful to assign a specific 
group member the role of monitoring mainte- 
nance behaviors in the group process. This 
person would write down his or her observa- 
tions of how the group interacts and how fre- 
quently the maintenance behaviors are used, 
giving feedback to the group members. 

"I obsmed that Bob withdrew from the discussion as 
soon as someone disagreed with him, and e v q  time 
Cindy tried to speak, she was interrupted." 

Applying Task and Maintenance Behaviors to 
Group Development 

Diagnosing the group's stage of development is 
a prerequisite for determining what combina- 
tion of task and maintenance behaviors are 
most needed for the group to function more 
effectively. For example, in Stage 1 (Orienta- 
tion), when morale is high and productivity is 
low, task functions are most helpful. Goals and 
roles need to be defined an$ skills need to be 
developed. 

In Stage 2 (Dissatisfaction), when both produc- 
tivity and morale are low, a combination of task 
and maintenance behaviors provide the direc- 
tion and support needed to move the group to 
the next stage. In Stage 3 (Resolution), when 
productivity is high and morale is low or devel- 
oping, maintenance behaviors are required to 
build the group's confidence and cohesion. 
When the group is operating as a high-perform- 
ing team in Stage 4 (Production), each person 
provides task and maintenance behaviors as 
necessary. 

SUMMARY 

To be an effective team member, each partici- 
pant must understand the stages of group de- 
Yelopment and acquire the skills necessary to 
move the group from one stage to the next. It 
requires that each member be able to diagnose 
which stage the group is in, as well as to provide 
the direction and support needed to move the 
group to the next stage through the use of task 
and maintenance behaviors. 

Productivity and morale are enhanced when 
group goals are clear and attainable, when 
interaction among members is trusting and 
open, and when the group is behaving cohe- 
sively as a unit. Developing the skills and knowl- 
edge of every team member is well worth the 
effort, considering the productivity potential 
and human satisfaction that can result from a 

high-performing team. 7 
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INTERVIEWING 

PURPOSE 

Purpose of the Assessment: 
8 

8 

8 

Prepare a comprehensive assessment of the 
environmental, safety, and health (ES&H) 
vulnerabilities, 

identify and prioritize ES&H vulnerabilities, 

Serve as an information base for identifying 
interim corrective actions and options, 

8 Confirm what we know and reveal what we 
don't know, 

... regarding the safe management of 
fissile materials. 

This effort is not a compliance audit or a fault- 
finding exercise. It is to gather data. 

Purpose of this Training: 
8 

0 

Provide the members of each team with 
recommended METHODS of interviewing that 
will yield consistent and useable data 

Provide each team with a PROCESS for 
planning their assessments to ensure that the 
needed data is compiled and recorded 
effectively and efficiently 

APPROACH 

. Work Backwards - Focus on the End Product 
0 ... then build a plan that will provide the 

information needed to complete the report. 

.- Assessment Team Training lntenriewing - 
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0 End Product is the final report (Working Grov 
Assessment Team and Site Assessment Tea, 
Report Outlines, Assessment Plan, 
Attachment A#- I ) .  This report will contain 
charts and graphs that illustrate data. 

What does each team have in comrnon? 
0 

0 

0 

0 

Same question set will be completed by the 
Site Assessment Team (Question Set, 
Assessment Plan, Attachment 2, A2-6). 
Same Information Data Elements will be used 
in reporting the data (Information Data 
Elements, Assessment Plan, Attachment A2- 
5, Figure A-3). 
Same team composition consisting of DOE 
leadership and technical, scientific, and 
engineering experts. 
Same vehicle for recording data (Vulnerabillty 
Assessment Form, Assessment Plan, 
Attachment 2, A2-7) 

What are the variables? 
0 The plan for gathering information. 
0 The way questions are asked. 

0 The way information is recorded. 
0 

0 

The degree of follow-up on conflicting data. 
The assumptions and interpretations made 
based on available data and member expertise. 

The methodology is 8 punl i taa 
approach that relies on the experience 
and expertise of the Site Assessment 
Teams in making determinations 
regarding the likelihood of barrier 

Interviewing - Assessment Team Training 
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0 

failures, relevant historical experience, 
and the frequency of adverse 
conditions/events. (Assessme? Plan, 
Attachment 2;-L/ - I  

- The Working Group Assessmr . Teams 
will then use historic data, taoletop 
discussion topics, and the 0. stion Set 
and Checklist to review and cievelop a 
more comprehensive understanding of 
the consequences and potential 
vulnerabilities resulting from current 

. plutonium storage and handling 
operations. 

This requires clear roles, responsibilities, data 
gathering, and report preparation PLAN! 

... this training is designed to remove as much 
inconsistency as possible from the data 
gathering and reporting processes. 

DEVELOP A PLAN 
Consider both: 

0 The Team plan 
0 Your Individual Plan 

Purpose of these plans: 
0 Organized approach 

I 
- Use Team Manager's Checklist 

(handout) 

Divides and assigns of responsibility 
- Team member roster listing disciplinary 

expertise. 

- Assessment Team Training Interviewing - 
Page 3 of 12 



- Examine the Question Set. Who owns 
what parts and what is the best way t, 
assess? 

.. * 

0 Organizes assessment activity 
- Build your team's schedule 
- Review and catalog existing materials 

(What's missing that we will need 
before we arrive on-site?) 
List anticipated meetings and interviews 
to include dates, times, subjects, 
locations, and attendees. 

Allow for follow-on meetings and 
interviews. 

Make notes in your manual as thoughts 
come to mind. 

- 

- 
- 

0 Enables a meaningful Final Report 
- Ensure the assessment and interview 

plan covers all of the material required 
for the final report. 

I Provides milestones and a means to measure 
progress toward completion. 

- All teams meet Thursday at 400 to 
work on their assessment and interview 
plan. 

BASIC MANAGEMENT - Plan what you do; 
Do what you plan; Record it! 

Interviewing - - Assessment Team Training 
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METHODS OF ASSESSMENT 

FOUR ELEMENTS (list examples) 
0 Document Review 
0 Tabletop Discussion 

WalkthroughANalkaround/Walkdown 
0 Interview 

All, elements employ: 
- Sampling 

I 

- Questioning 
- Observation 
- Data comparison 

Confirm data 
Examine inconsistencies 
Identify voids 

... and more interviews 

DOCUMENT REVIEW (list examples and where they 
are obtained) 

0 Question Set 
0 ORPWSPMS reports 
0 Program Reviews 

Site's "List of Issues" 
0 Previous audits/assessments 
0 Procedures 

. 0 ... and more ...( what more?) 
- Record and correlate observations 
- List "next-steps" based on data 

Assessment Team Training Interviewing - 
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- Collaborate with team members 
- Initiate follow-up 

(Discussion - How is it done?) 

TABLETOP DISCUSSION 
A "group" interview designed to: 

0 

0 

Defines processes in general 
0 

Covers topics prescribed in the Assessment 
Plan, Attachment A2-28. 
Clarifies questions from document reviews 

identifies need for follow-up interviews 

WALKTHROUGH/WALKAROUNDMlALKDOWN 
I 
What are they and what are their purposes? (list 
examples of when each is appropriate) 

Covers topics prescribed in the Assessment 
Plan, Attachment A2-30 

0 

Walkthrough 
0 

0 

Upon entry to the facility 
Provides general overview of site, layout, 
facilities, and a representative picture of site 
activities. 

Cursory in nature 

Walkaround 
0 

Observe routine activities 
Provides understanding 

Accompanied visits to specific areas 

... and provides opportunity for interview. 

Interviewing - . - Assessment Team Training 
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Walkdown 

To verify perceived voids 

To follow-up on perceived inconsistencies 

To observe specific processes or conditions 

0 To confirm data points 
0 Because your instincts say you should 

... and as long as you are there, interview. 

- I  

INTERVIEWS 
Individual or small group discussions. 

Remember the charter! ' 

Purpose of the Assessment: 
.. . 0 Identify and prioritize ES&H vulnerabilities, 

. .  

Serve as an information base for identifying 
interim corrective actions and options, 

. .  
* '  - . - .  

0 Confirm what we know and reveal what we 
don't know, 

... for the safe management of fissile 
materials. 

This effort is not a compliance audit or a.fault- 
finding exercise. It is to gather data. 

- AUUWfRTOUntnkJnO Interviewing 
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THE INTERVIEW PROCESS 

Professionalism - Individual and team 

A process used for assessing DOE facility trBlliing 
programs can be applied to our teams: 

The team manager assumes' responsibility for 
the conduct of all team members ensuring a 
high degree of professionalism. 
Team members shall agree to conduct 
themselves in a professional manner at all 
times. 

Professional conduct includes: 

Confidentiality, 

Professionalism, 
Accountability, 
... and more. 

The Interview 
0 Plan the interview 

- Schedule time without distractions 
- Write out questions in advance and 

validate them with other team members 

Opening 
- 
- 
- 
- 
- 
- 

Put the person at ease 
State the purpose of the visit 
Explain what information is needed 

State how long the interview should last 

Reinforce that their input is important 

Explain how the information will be 
used 

Assessment Team Training - 1 'Interviewing 
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0 Questioning 

I 
Begin with "open-ended" questions 
Use "appraisal questions" where needed 
Summarize with "closed que: 
"You said this - is that corret 
confirm understanding 

1s;" 
to 

Use "leading questions" carefully 

Active Listening 
The MOST-IMPORTANT part of the 
interview 

- 

- More physically exerting than speaking 

0 

I 

Closing ' 

- When information obtained is no longer 
meaningful 

- If more than an hour has passed, 
summarize and break, or agree to return 
at another time. 

- Use "closed questions" to summarize 
- Friendly and brief 

'...thank the interviewee for their time, 
cooperation, and information. 

Interviewing - . - Assessment Team Training 
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FOIIOW-UP 
- As soon as possible following the 

interview, 

Reconstruct notes I 

Write conclusions on Vulnerability 
Assessment Forms - 
Develop follow-up questions 

Hand-off follow-up questions to the 
appropriate team member . 

Update .your plan 

ACTIVE LISTENING 
Listening involves 

- Hearing the message 
- Processing what is heard 
- Verbally acknowledge understanding 

I - Visually acknowledge understanding 

Barriers to  listening 

- Preconceived expectations (posheg, 
simple/complex) 

~ - Planning your next response 

- Competing demands (distractions) 
- 

- Emotionally charged statements 
- Passive listening 

Extra mental time and space (difference 
between listening and talking speed) 

Assessment Team Training Interviewing 
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0 Detrimental Actions 
- Interrupting 
- Counseling 
- Speaking too fast 
- Failing to summarize 
'- Jumping to conclusions 
- Finishing sentences of interviewee 

Asking questions before the interviewee 
has completed response 
failing t o  transition between topics 

0 Skills of Active Listening 
Empty the cup 
Read between the lines (facts/feelings) 
Extra mental time to take notes 
(CAUTION: don't write too much) 
Write follow-up questions 
Separate "important" from "nice-to- 
know" 
Show the interviewee that you hear the 
message (verbal/visuall 

Interviewing Styles 
0 Friendly Chat 
0 Emotional 
0 Interrogation 
0 Standard 
0 Businesslike (the preferred style) 

,c MsesmmtleamTraining InterviswinQ - 
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‘I I 

Interviewer Probes 
0 Clarifying 
0 SJence 
0 Expanding 
0 Repeating 
0 Confirming 

Common Mistakes 
Talks too much 

0 Communicates desired responm 
Fails to follow-up leads 

0 interrupts interviewee 
Manages time poorly 
Writes too much 
Biased 

0 Forms premature conclu)/ons 

. .  

Questions 

Role-Play an interview 

Ausasmsnt Team Training knpiswing ~ . , I  
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TEAM MANAGER’S CHECKLIST 

Facility Visit Date(s) 

I. PRE-VISIT PREPARATION 

- Review prior studies and assessments (e.g. NMMSS, National 
. Academy of Science, recent Field Office assessments, etc.). 

- Review facility background material 

- Review authorization basis documentation 

- Review environmental evaluations 

- Review recent vulnerability issues (ORPS, SPMS) 

- Share facility’information with other team members. 

- Contact facility and schedule a Pre-Visit discussion with SAT 
leadership. 

- Develop an agenda for the Pre-Visit discussion 

II. ?RE -VI$IT DISCUSS ION 

Review logistics including clearances, site specific training 
requirements, meeting rooms, clerical support, etc. 

Discuss control of classified material 

Discuss safety issues for material and facility inspections 

Assist facility in understanding and responding to question set. 

Gather materials on motels, restaurants, and maps of area. 



' % : ' ,  * .... : . 
III. VISIT PREPARATIONS 

- Confirm team members participation 
5 .. . .x - Review facility Question Set, Vulnerability Assessment Forms, and 

distribute copies to team members. 

, - Promulgate memo giving team member assignments, area 
responsibilities, visit strategy, and general schedule of events 

- Provide information to team members as requested 
e- : . - - Coordinate travel information including desired flight schedule, 

motel arrangements, car rental needs, and driving assignments. 

- Submit c l h c e  information for team 
.:= .. I ~ ..*- - Call SAT leader to verify needed resources 

- reproduction support - conference rooms - list of materials needed in workroom 
- securityaccess 

.. - _ _  workroom 

- Call SAT leader with proposed work schedule, and names of team 
members. Include: - entrance meeting time, participants, and content 
- projecW.wallcthn>ughs,and interviews I - daily team meeting time, participants, purpose 
- daily management debrief meeting time, participants, purpose - summary meeting time, participants, purpose 
- exit meeting time, participants, purpose 

- Schedule and plan team meeting in hotel. to organize Site visit and 
verify responsibilities 

I 



IV TEAMON-STTEA- 

Entrance Meetiqg 

- Prepare entrance comments 

-. Coordinate agenda with SAT leader. 

- Conduct entrance meeting 
. .. pailv ActrwheS 

.. - Conduct daiiy team meetings 

COMPLETE 

- Post daily updates of team agenda . 1. 

- Assess progress of team members in drafting commits  for final 
report. 

- Remind team members of their responsibilities fog 
- Protection of classified materials - Protection of personnel health and safety 
- Compliance to facility operating procedures 

t Dav AcbwheS . .. 
- Conduct summary mkting to resolve open issues 

- Prepare agenda and conduct exit meeting (see Attachment 1 for 
sample agenda) 

v* - 
- Complete draft report 

- Send report to SAT and WGAT members for review 

- Complete final report and submit to DOE-HQ 



Attachment 1 

EXIT MEETING SAMPLE AGENDA 

Attendees: DOE ,and M&O facility management, SAT and WGAT mepbers, and stake 
holders I 

1. Explain purpose of meeting 

2. ~ntroduce participants 

3. Provide summary of activities 

4. Summarize vulnerabgties 

. 5. Explain status of WGAT report 

6. Explain process of completing WGAT report 

7. Identify additional information needed for report and schedule SAT review 

I ,  
! , .  

8. Ask for and answer questions 

9. Summarize key points of discussion express thanks 

. .. 



AITACHMENT 3 

II ES&H VULNERABILITY ASSESSMENT FORM 

Vulnerability # I 
Block #I : Title of Vulnerability. (40 words) 

Block #2: Executive Summary. (e50 words) Concise description of the sequence of 
events leading to the vulnerability. 

, 

Block #3: Describe the material, packaging, barrier and facility combinations that 
contribute to the vulnerability. 

Block #4: Describe adverse conditions, events, and related concerns that contribute to the 
vulnerability. 

Block #6: Describe the likelihood pf the event which causes this vulnerability and 
consequences which could result. 
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P - ES&H VULNERABIUTY ASSESSMENT FORM 

Vulnerability # .- 
Block #7: Describe the timing of corrective actions (ii any). Use the terms imme 
(imminent ES&H issue), near-term (ES&H issue that may become an imminent h 
with further degradation), or longer term (ES&H issues which are being mvgated 
barriers/compensatory measures). 

: 
;rd 

Block> #8: Additional comments, views, or plans by the site operations office and M&O 
Contractor to mitigate or minimize any potential vulnerability. 

Block #9: Database Criteria. (Use identifiers from question set tables.) 

0 
0 

0 
0 

List uotential events/concerns: 

0 
0 

0 
0 

Potential Consequences. 

Environment Worker Safety and Health 

- Ground - Contamination - Water - Exposure - Air - Physical Injury 

Public Safety and Health 

Contamination - Exposure - Physical Injury 

Sianature. Team Member Signature, Team Leader 
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INTERVIEWING AND ACTIVE LISTENING 

What exactly is the most important skill used during interviews? 

Active listening may well be the most critical single element in the conduct of an 
effective interview. 

The interviewer must practice well-developed listening skills if the other 
interviewing skills are to be effective. Active listening makes up 70 percent of a 
successful interview. 

To define active listening and clarify its role in effective communication, we first 
have to define "communication." Communication can be defined as the process of 
sending and receiving messages. It is the process whereby two people converge on 
intended meaning through give and take, a mutual accommodation and effort. 

Listeninq is a more physically exerting activity than speaking. During interviews, 
you must be prepared to apply a lot of effort to listen actively to the people you are  
interviewing. 

The definition of active listening contains three components! hearing the 
message, processing what you heard, and showing you understand verbally (i.e., 
paraphrasing) and non-verbally (i.e., nodding). 

The barriers to effective listening include five items: expectations (i.e., positive or 
negative, simple or complex), competing demands (Le., distractions), extra mental 
time (i.e., difference between listening and talking speed), emotionally charged words 
(i.e., automatic response words such as inadequate or unqualified), and passive 
listening (i.e., focus on interviewee's message not ours). 

The detrimental actions to effective listening include items such as interrupting, 
speaking too fast, failing to summarize, jumping to conclusions, finishing sentences of 
interviewee, asking questions before interviewee has completed response, and failing 
to transitions between topics. 

The skills involved in active -listening include the following: reading between the 
lines (i.e., facts and feelings), using extra mental time to take notes, writing follow-up 
question, separating important from nice-to-know information, and showing 
interviewee you hear the message (i.e., feedback and nonverbal expressions). 

Your attitude as an active listener projects that you a re  responsible to do most of 
the work during the interview, willing to spend the extra effort to listen, accommodate 
other's needs, and personally responsible for the accuracy of the message. 
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INTERVIEWING PROCESS 

Interviewing is a form of oral communication involving two people. The team 
member (interviewer) and the facility person (interviewee) share information by asking 
and answering questions. Team member interviews should be directed, scheduled, 
and purposeful. 

We can define each of the five steps of the interviewing process: .planning, 
opening, questioningnistening, closing, and follow up. 

Planning . 

. 

developed during the data collection lesson is expanded for interviewing. Planning 
includes the following: 

- reviewing pertinent facility information and data collection guideline package 
. questions; 
: selecting appropriate fad& personnel to be interviewed; - developing a list of questions (Le., interview guide); - assembling necessary forms, references, and procedures; - scheduling sufficient time in a distraction-free, comfortable environment. 

PLANNING is the first step to ensuring an effective interview. The plan 

Opening 

The second step of interviewing is the opening.. The opening orients the 
interviewee to the assessment process, the interviewer's purpose, the interviewer's 
background, and goals of the interview. . 

The opening establishes rapport and -a comfortable discussion environment. 
General topics of interest to the interviewee (Le., sports, hobbies, news, and schools) 
may be used to relax the interviewee and set a friendly tone. Be aware of open body 
language , .  messages that signal that the interviewee is ready to begin the questioning. 

QuestioninglListening 

The intetviewer's questioning steers the interview in a logical sequence. Questions 
should be clear, designed to cover important information, and focused on one issue at 
a tipe. Follow an interview guide to organize the questioning sequence. Listen carefully 
to discover the important facts. 

Use various types of questions during the interview to control various types of 
interviewees (i.e., verbose or quiet). 
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Use open questions to solicit a great deal of information about a specific topic. 
Open questions are sometimes called primary or lead-in questions. Use them to 
introduce new topics issues within a topic. For example, "How do you determine the 
storage requirements for the various forms of plutonium?" is an open question that 
allows the interviewee a wide range of responses. 

Open questions consume more time and elicit more information than closed 
questions. 

Closed questions are  used to solicit a small amount of information in a brief 
amount of time. Closed questions are  usually secondary questions used to follow up 
primary open questions. The interviewer uses secondary questions when responses 
to primary questions seem incoinblete, superficial, or vague. For example, "By 
journeyman, do you mean 2 or 3 years of facility-specific experience?" is a closed 
question that restricts the interviewee's response to a brief answer, while a t  the same  
time probing to find the interviewee's exact meaning. 

The initial phase of the questioning will typically involve open questions and then 
move into closed questions. As appropriate, the interviewer summarizes the topic 
and then transitions into another one. As new criteria or issues are  investigated, the 
cycle of open questions to closed questions continues until the interviewer concludes 
the session. 

An interview should not last over one hour. If nonproductive, excuse yourself and 
leave. If interrupted extensively, reschedule. 

Avoid leading questions that influence the answer by suggesting the response. 
For example, "You think you need more operators, don't you?" is a leading question. 

You can get the same information by asking a neutral question such as, 'What 
do you think about the number of operators involved in this process?" 

The conversation should be active by using appropriate probes'(i.e., silence or 

Follow-up or secondary questions should be asked when clarification is needed. 

The interviewer should allow the interviewee to think about and answer each 
question without interruption. The interviewer should be listening more than taking. 

pauses; brief, neutral comments; or internal summaries of key points). 

Avoid emDhasizina methods and techniques used in vour orcranization. 

Take legible notes containing key phrases to ensure eye contact is maintained 
and time is conserved. 
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Closing 

The closing should be definite and should occur when the information obtahed 
ceases to be meaningful. if more than one hour aasses, consider summarizi. the 
interview and returning after a short break or at another time. 

The closing is indicated by ehphasizing closed questions that summarir le 
interviewee's major points. 

The closing should be friendly and brief. The interviewer should than .e 
interviewee for their time and cooperation. 

Follow Up 

As soon as possible after the interview, reconstruct notes, write conclusions 
drawn from the interview information on the Vulnerability Assessment, and/or develop 
follow-up' questions needing additional research. The process for developing 
conclusions involves the following steps: 

1. Review key phrases from interview notes. 

2. Group related ideas together. 

3. Review information or documentation referred to during the interview. 

4. Write a complete sentence (Le., conclusion) from each group of key 
phrases on clean page or in the approp.riate section of the Vulnerability 
Assessment Form. 

5. Write follow-up questions for remaining key phrases. Determine the 
best information source (Le., interviewee, observation, or records 
review) for the follow-up activity. 

Handoff important follow-up information or issues not related to assigned 
objectives to the appropriate team member. 

When updating your plan, cross off resolved items and add new ones. 

Conduct a self-criique of your interview to determine the effectiveness of your 
technique. . Ask yourself these questions:. Did you . . . 

- Adapt to the interviewee's communication style? - Show interest in the person and topic under discussion? - Avoid distracting or annoying behavior? - Act courteously and professionally? - Listen actively to interviewee's message? 
Modify your techniques as needed to improve your next interview. 
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FIVE IPTERVIEWING STYLES 

Interviewing styles vary almost as much as personalities. In general, there a re  
five styles of interviewing. 

The preferred style for interviewing is the businesslike approach. However, 
everyone has a natural style, and strong interviewers can flex their style?o fit the 
interviewee. 

Friendly Chat 

The friendly chat is uncontrolled and nondirected. The amount of useful 
information obtained from using this style is minimal. The friendly chat is useful 
during the opening to relax tense or suspicious interviewees. 

For example, Jane Pauley uses the friendly chat to disarm aggressive guests. 

Emotional 

The emotional style depends on the interviewer's gut reactions or first 
impressions. This is a dangerous style to employ during an interview because 
conclusions a re  based on premature assumptions, not valid facts. 

For example, a father interviewing his daughter's first date may question the 
young man in an  emotional style to ensure his daughter's safety and well being. 
Consumer advocates such as Ralph Nader may invoke this style when questioning 
politicians or perceived corporate offenders. 

Interrogation 

The interrogation is a severely stressful style for the interviewee. Interrogations 
promote an  autocratic relationship. The interview appears to be on an investigation 
or witch hunt similar to the cross examination of a witness. 

For example, F. Lee Bailey may interrogate a client before accepting a case. 

Standardization 

The standardized approach treats the interviewee impersonally. A set of 
predetermined questions a re  asked in a standard order without benefit of exploration 
or follow-up into related areas. This style is stiff and limits the expression of the 
interviewee. 

Host Pat Sajak on Wheel of Fortune uses  a standardized s e t  of questions to 
introduce his guests on the popular television show. 
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Businesslike - the Preferred Method 

The businesslike style recognizes that the meeting is a social interaction with a 
purpose. Worthwhile information is exchanged and both parties benefit from the 
interview. 

S a w y  news reporters such as Ted Koppel use this style to get the most from 
their interviewee in the least amount of time. 

Changing your style is a n  effective technique for managing a difficult (i.e., 
reluctant or hostile) interviewee. When4he interviewee is nervous, a friendly chat is 
needed before moving' into the businesslike style. If the interviewee is visibly upset 
or angry, a'standardized approach may be used to bring the interview to a quick 
closing or  break. 

INTERVIEWER PROBES 

Various probes a re  used to control and focus the interviewing session. Knowing 
when to use  the probes facilitates the,' information gathering for the team member. 
Selecting the right probes provides positive feedback to the interviewee and requires 
active listening by the interviewer. Consider using the following probes for these 
specific situations. 

Clarifying 

Clarifying is a n  attempt to determine the meaning of the interviewee's response. 
For example, ask the question "Did you physically open the container, x-ray it or 
both?" to clarify the analysis process used for a particular program. 
' 

are  used to sort out the misinformation. 
When inconsistencies in information a re  obtained, clarifying follow-up questions 

Neutral Response 

Neutral Response is an  attempt to encourage more discussion without biasing 
the information with an assenting or dissenting comment. 

For example, a nod or comment such as Yes, I see," are  neutral responses. 

Silence 

Silence is a powerful tool when seeking additional explanation. A simple, quiet 
pause accompanied by 'eye contact with the interview will solicit additional information 
from the interviewee. 

This type of active listening demonstrates interest and understanding. 
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Expanding 

issue or perspective. 1 

information I should know?" prompt the interviewee to continue with further 
explanation or details. 

Expanding statements are used to encourage the interviewee to elaborate on an 

For example, comments such as, 'Tell me more" or "Is there any additional 

Repeating 

Repeating a question shows persistence in getting an  appropriate answer from 
the interviewee. This technique is used when interviewees a re  verbose or avoiding 
the question. 

Confirming 

Confirming statements are used to summarize key interviewee ideas or highlight 

For example; the statement, Y o u  believe that the handling procedure is 

areas of agreement. 

implemented as wriien," is a confirming response by the interviewer. 

COMMON INTERVIEWER MISTAKES 

Talks Too Much 

Mistakes can be avoided through careful preparation. One of the commonly made 
mistakes by new evaluators is to talk too much during an  interview. This is often done 
because of nervousness, but is almost always done when the interviewer is not fully 
prepared. To avoid this mistake, be sure that you have your objective clearly in mind 
and your interview guide questions prepared before going to the interview. 

Sometimes it helps to consider yourself as an observer to the situation instead of 
a participant. Remember that the nonverbal signals you receive from the interviewee 
can tell you as much as the words that a re  spoken. 

Communicates Desired Response 

Just as you can learn a lot from the nonverbal signals of the interviewee, your 
subject can  pick up the response you are  looking for by the way you phrase your, 
question and by your nonverbal signals. Avoid nodding or shaking your head. Avoid 
phrasing your questions in a negative way such as, 'You don't really have enough 
time to prepare reports, do you?" 

Neutral responses include statements such as "yes," "hmm," or "I see." 
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Fails to Follow-up Leads 

Failing to follow up on leads that you pick up during a n  interview can  be a fatal 

Even hastily written notes cannot recover the infor ?tion 
mistake. It can leave holes in your data collection that cannot be filled once ycd 
have left the facility. 
that was not obtained through thorough follow up. 

Concentrate on summarizing information before transitioning to another .pic to 
ensure interviewee's information is captured accurately. 

Interrupts Interviewee 

Interrupting the interviewee is rude. It also tends to intimidate the interviewee to 
the point that useful information can no longer be gained. Respect the interviewee's 
right ta express ideas completely. If the interviewee becomes too talkative, use 
closed questions to limit the interviewee's response in some way. 

By listening actively, the interviewer will focus on the interviewee's message, 
thereby avoiding an  unnecessary interruption. 

Manages Time Poorly (Le., unprepared) 

Managing time is a constant challenge to the team member. Interviewing is an 
enjoyable process, but it must be focused to be effective. Collecting a great amount 
of information that will not assist you in completing the data collection guidelines 
package questions is inefficient and counterproductive. 

When beginning an  interview, it is helpful to explain to the interviewee what 
information you need and how long you expect the interview to last. This helps 
program the intenriewee and the interviewer to conform to the scheduled amount of 
time. 

Writes Too Much 

While you are  conducting the interview, you will be taking notes. Be very careful 
that you don't become so involved in what you are  writing that you miss some of the 
nonverbal signals the interviewee is giving. 

Record key words and phrases using a personal shorthand that helps.you 
reconstruct the conclusions and follow-up questions later. 

Biased 

The overall attitude of the interviewer determines the success of the interview. 
You must believe that conductina an interview is a Positive action to help you find the 
holes in the existing data, clarify vague information, and to find the things that a re  tru 
vulnerabilities. 
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While not an audit, things may appear to be wrong; you must be willing and 
predisposed to aatherina data, not findina fault. 

Persistence is a personal attribute that you need to develop to conduct good 
interviews. If you are persistent, you follow up (using secondary questions) to the 
point of either clearly identifying the vulnerability or becoming thoroughly convinced 
that no vulnerability exists. This attitude requires thorough follow up to each 
interview. It requires that you pull every string that might lead to uncovering the 
vulnerability. 

Maintain your objectivity by using neutral responses and confirming statements 
frequently. 

Forms Premature Conclusions 

DO NOT maki  this common mistake - forming premature conclusions. If you 
take good notes and do a good job of follow up, you will not jump to any unwarranted 
judgments about the vulnerability or even if there is a vulnerability. Hear the 
interviewee’s response before judging it. Allow the interviewee to complete a 
sentence before drawing a conclusion. 

Expect and insist on excellence from yourself and from the facility at all times. 
By expecting excellence and not being willing to accept anything less, you have an  
excellent chance of doing a job without making these common mistakes. 
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General Directions 

Use this job aid as a self evaluation tool to assess your interviewing skills. Use it before a n  
interview to evaluate your knowledge of intenriewing skills. Use it after the interview to 
evaluate how well you performed. 

In the list below, each statement represents criteria that has impact on your interviewing 
effectiveness, Rate your skills using the five point scale. Use the average scores to identify 
your strengths and weaknesses. 

INTERVIEW RATING SCALE 

I 5: Excellent 4: Very Good 3: Satisfactory 2: Okay 1: Needs Improvement I 
General Rating 
1. Talk less than subject. 
2. Use brief and concise questions and statements. 
3. Use open-ended questions. (Requires more than a y e s h o  response) 
4. Use well constructed questions. 
5. Avoid leading questions. 

Total 
Average 

Introduction Rating 
1. Introduce self. 
2. Establish rapport. 
3. Describe purpose of intenriew. 
4. Explain why interview is important. 
5. Explain what you know about the job. 
6. Explain how information will be used. 

Total I 

Average / 

I 



INTERVIEW RATING SCALE 

5: Excellent 4: Very Good 3: Satisfactory 2: Okay 1: Needs Improvement 

I Active Listening Skills Rating I 
1. Summarize frequently. 
2. Summarize tentatively (check for agreement). 
3. Paraphrase as a n  accuracy check. 
4. Maintain eye contact. 

Total 
Average ~ 

Conducting the Interview Rating 
1 1. Follow up leads effectively. I 
2. Use appropriate tenninology. 
3. Allow the subject to speak. 
4. Avoid criticizing the subject. 
5. Use encouraging questions. 
6. Start with broad questions before specifics. 

.1 

7. Ask for examples. 
8. Ask 'What if..." questions. 

r 

Total 
Average 

Control the Interview Rating 
1. Keep on the subject. 
2. Avoid incidental remarks. 
3. Get all necessaty information. 

1 

Total 
Average 

References 

The Basics of Jobmask Analysis, Trainee Manual, pp. 2-7 through 2-9. 
Carlisle (1986), pp. 10, 11. 
Rossett (1 987), pp. 133-1 55. 



VI. RESPONSIBILITIES: 

A. TEAM MANAGER - The ART Team Manager (TM) is responsible for the 
behavior of all team members during all phases of the ART visit. 
The TM is empowered to take any appropriate disciplinary action 
that may be necessary to ensure that ART members maintain a high 
degree of professionalism. This is especially true during the on- 
site activities portion of the visit. 

duties shall'be assumed by the designated leader or in the absence 
of a designated leader these duties shall be assumed by the most 
senior TAP Staff member present. 

TAP MANAGER - The TAP Manager provides direction, establishes 
policy, and provides resolution of issues associated with the 
conduct of the TAP Staff as they relate to the overall 
implementation of the DOE Training Accreditation Program effort. 

TAP STAFF - Shall abide by the guidance offered in thii procedure 
and behave in a professional manner at all times. . 

J NOTE. In situations where there is no designated Team Manager these 

B. 

C. 

VII. REOUIREMENTS : 

This section o f  the procedure delineates the behavioral responsibilities 
associated with ART activities. These behavioral requirements are 
divided into the following four areas: Confidentiality, Professionalism, 
Accountabi 1 i ty and Mi scel 1 aneous 

A. CONFIDENTIALITY 

1. Communicatio h s - Discussions, comments, memos, phone 
conversations, or any other form o f  informal communications 
containing information gathered during a TAP re1 ated 
activity is prohibited. Only formal communications (those 
carried out as a normal course of TAP business) or 
communications specifically authorized by TAP management are 
a1 1 owed. 

2,. The TAP Staff shall not discuss information gathered during 
a TAP activity with unauthorized persons inside or outside 
of the office. Unauthorized persons include everyone not 
having a "need to know": 
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B. 

3 .  

4. 

5. 

6. 

7. 

Conversations containing information or ac t iv i t i e s  regarding 
a specific f a c i l i t y  should n o t  take place i n  public places 
such as restaurants, hotel lobbies, airplanes, etc. While 
most accreditation information i s  n o t  sensi t ive from a DOE 
o r  DOD security standpoint i t  is  unacceptable t o  discuss 
this information i n  public. 

Memos, reports, f a c i l i t y  materials, etc.  shall  n o t  be 
transmitted i n  any fashion t o  unauthorized persons. 
Materials tha t  contain f a c i l i t y  information of  a sensi.tive 
nature shall  be kept under personal control ( n o t  l e f t  i n  
hotel rooms, rental cars, unoccupied meet i ng rooms, e t c  . ) . 
Lost or misplaced materials shall  be reported t o  the TAP 
Manager and/or the TM as soon as possible. 

TAP staff  should keep i n  mind t ha t  the information gained 
through personal interviews .and/or documentation review is  * 
t o  be shared only w i t h  the appropriate levels  of  f a c i l i t y  
management and, as necessary, w i t h  other TAP s ta f f  
personnel. For example, information gathered from one 
department manager should n o t  be shared w i t h  other 
department managers except as necessary, t o  conduct a 
thorough.  accreditation v i  s i t .  

1nformati.on uncovered by the TAP Staff t ha t  may indicate 
potential violations of local ,  s t a t e ,  o r  federal regulations 
shall  be passed on t o  the Team Manager. The Team Manager 
shall  inform appropri a te  1 eve1 s o f  f aci 1 i t y  management of 
the informatidn. The Team Manager shall  inform the f a c i l i t y  
management tha’t the expectation is  tha t  the f ac i l i t y  will 
take appropriate actions regarding the infomation. 
Normally this will include, as a minimum, a disclosure 
statement t o  the appropriate regulatory body. The TM shall 
document the actions taken by the f ac i l i t y .  The Team 
Manager shall  immediately inform the TAP Manager o f  a l l  
-communications regarding potential violations discovered by 
a team member. 

Team members shall  not make informal references or comments 
(good or  bad) concerning other f a c i l i t i e s ,  persons, s i t e s ,  
o r  organizations a t  any time. Formal recommendations or 
references, associated w i t h  providing specif ic  TAP 
assistance t o  a f ac i l j t y ,  are encouraged, however. 

PROFESSIONALISM 

1. A l l  TAP procedures and guidelines shall  be followed. 

2. TAP members,. when v is i t ing  a f a c i l i t y ,  shal l  follow that  
f ac i l i t y ’ s  procedures, policies and instruc;: -L. 
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3 .  

4. 

5. 

6. 

7. 

a. 

9. 

Because TAP members travel t o  many different  f a c i l i t i e s ,  i t  
is always possible that  someone will u n w i t t i n g l y  violate a 
procedure, pol  icy, or security requirement. These shall be 
reported t o  the Team Manager immediately. The TM shall 
investigate the si tuation and notify the TAP Manager 
immediately. The TM or the TAP Manager shall work w i t h  
f a c i l i t y  management t o  resolve the s i tuat ion as quickly as 
possible. 

TAP members will not be res t r ic ted  from fraternizing w i t h  
f a c i l i t y  personnel dur ing  lunch or  a f t e r  working hours but  
they should ensure tha t  they do not violate  rules of 
confidentiality, c*onfl i c t  of  interest or professional 
ethics. 

Team members shall n o t  accept g i f t s  of any k ind  from. any 
I person representing a f a c i l i t y  before, during,  or a f t e r  a 

team visit. , .  
Team members shall 'wear TAP S taf f  name tags while a t  a 
f ac i l i t y .  

Team members1 shall not engage i n  any type of  deception or  
covert ac t iv i t i e s  t o  gather information a t  a fac i l i ty .  

Team members shall n o t  make qual i ta t ive comments on 
evaluations conducted by this or  other organizations (Assist 
Visit Teams, Tiger Teams, TSAs; etc;) while a t  a fac i l i ty .  

Team members shall refrain from making uncompl imentary or 
unprofessional comments concerning any person, f ac i l i t y ,  
s i t e ,  o r  organization a t  any time. 

10. All team members shall t r e a t  f a c i l i t y  personnel , a t  a l l  
levels,  w i t h  respect and professionalism. Reports of  team 
member rudeness or lack of respect for f a c i l i t y  personnel, 
rules and/or t radi t ions will be investigated by the TM and 
deal t  w i t h  appropriately. 

11. Team members who believe they have not been treated w i t h ,  
respect and/or honesty by a f a c i l i t y  person shall report the 
person and the si tuation t o  the 7M'imme.diately. The TM 
shall deal w i t h  this i n  an appropriate manner, which will 
normally consist of reporting the s i tuat ion t o  the 
appropriate level of f a c i l i t y  management for resolution. 

12. ' Team members shall not carry non-TAP related materials into 
a f ac i l i t y .  
equipment of any.kind, reading materials tha t  are n o t  j o b  
re1 ated, and tape recording devi ces . 

Items that  are prohibited include entertainment 
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13. Team members s h a l l  not engage i n  any arguments, heated 
d iscuss ions ,  o r  1 engthy debates  w i t h  f a c i l  i t y  personnel.  
a team member has been unable t o  avoid a c o n f l i c t  o r  
confronta t ion  w i t h  a f a c i l i t y  person they  s h a l l  r epor t  the 
d e t a i l s  o f  the s i t u a t i o n  t o  t h e  TM a s  soon a s  poss ib le .  

I f  

C. ACCOUNTABILITY 

1. Team members a r e  accountable f o r  the accuracy of the 
information they ga the r  and the accuracy of  any r e p o r t  * a t  
i s  w r i t t e n  a s  a r e s u l t  o f  t h a t  information. Team memb i 
s h a l l  be a b l e  t o  document, and when necessary, report .e 
sources,' of t h e i r  information. I t  is never the i n t e n t i o n  of 
any TAP a c t i v i t y  t o  embarrass or a t t a c k  an individual  or 
group o f  i nd iv idua l s ,  t h e r e f o r e  names (with the except ion of  
f a c i l i t y  key personnel) should n o t  be used. (without good 
reason) i n  dam.  d iscuss ions  o r  in. r epor t s .  I t  sometimes 
becomes necessary t o  s u b s t a n t i a t e  the background, t r a i n i n g ,  
o r  experience of ind iv idua ls  interviewed o r  observed during 
a TAP a c t i v i t y  so team members should have this information 
a v a i l a b l e  i f  i t  i s  needed. 

2. Personnel and equipment s a f e t y  shall not  be jeopardized.'  
dur ing  any TAP a c t i v i t y .  Team members s h a l l  recommend 
s topping any a c t i v i t y  t h a t ,  i n  t h e i r  judgement, p laces  any 
person o r  p i ece  o f  equipment i n  an unsafe  condi t ion .  Team 
members shall never take physical cont ro l  of  any person or 
t h i n g  during any TAP a c t i v i t y  except i n  a clear and 
immediate l i f e  saving si tuation. 

3. 

TAPP 410, Rev. 0 

TAP S t a f f  shall uti l ize the "as low a s  reasonably 
achievable"  (ALARA) principle regarding t h e i r  r a d i a t i o n  
exposure dur ing  a l l  TAP a c t i v i t i e s .  Team members should . 
keep i n  mind, however, t h a t  observat ion o f '  r ad io log ica l  work 
p r a c t i c e s  by f a c i  1 i t y  personnel under ac tua l  p l  a n t  
condi t ions  i s  an important p a r t  of a thorough t r a i n i n g  
eva lua t ion .  When poss ib le ,  team members should d i scuss  the 
n e c e s s i t y  o f  en te r ing  a high r a d i a t i o n  a rea  w i t h  the team 
manager p r i o r  t o  en te r ing  i f  the exposure is  expected t o  
exceed 10% o f  the f a c i l i t y ' s  weekly dose limit, 

When v i s i t i n g  f a c i l i t i e s  t h a t  have h igher  than  normal o r  
unusual r a d i  ol  ogi cal hazards the team s h a l l  p l  an activit ies 
such t h a t  a thorough eva lua t ion  may be conducted while 
minimizing exposure t o  the team. 
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4 .  

5. 

6. 

7. 

Materia 
removed 
ga in ing  
would 1 
another  
w r i t i n g  
between 

s gathered dur ing  a TAP v i s i t  may be copied and/or 
f o r  o f f i c i a l  TAP purposes only and only a f t e r  
f a c i  1 i t y  management's approval.  If an eva lua to r  
ke t o  copy m a t e r i a l s  for p o s s i b l e  app l i ca t ion  a t  
f a c i l i t y ,  this must be s p e c i f i c a l l y  authorized,  i n  

While shar ing  ma te r i a l s  
f a c i l i t i e s  is  encourased, team members should n o t  

by f a c i l i t y  management. 

g e t  preoccupied w i t h  this dur ing -an  a c c r e d i t a t i o n  v i s i t .  A 
more e f f i c i e n t  approach is  t o  put  the appropr i a t e  people i n  
contact with1 each other by exchanging phone numbers. 

All team members s h a l l  use the f a c i l i t y ' s  check out  method 
when removing documents from a l i b r a r y  or a f i l e .  
member i s  respons ib le  t o  ensure t h a t  a l l  ma te r i a l s  a r e  
r e tu rned  i n  the same cond i t ion  as rece ived ,  and checked i n  
before  t h e  team leaves  the f a c i l i t y .  

Team members t h a t  have r e p o r t e d  information t o  the Team 
Manager t h a t  may i n d i c a t e  p o t e n t i a l  v i o l a t i o n s  of local, 
s ta te ,  o r  f ede ra l  r e g u l a t i o n s  shal l  fo l low up on this 
information w i t h  the TM. 
s a t i s f i e d  w i t h  the r e s o l u t i o n  o f  the problem they  s h a l l  
r e p o r t  this t o  the TAP Manager. 

Team members s h a l l  no t  d i r e c t  the a c t i v i t i e s  o f  any f a c i l i t y  
personnel .  Team members shall no t  knowingly cause the 
d i s r u p t i o n  o f  any f a c i l i t y  work a c t i v i t y ,  except  a s  
o f f ic ia l ly  requested v i a  the TM. Team members should 
attempt t o  minimize their  impact on f a c i l i t y  personnel.  
Team members, whenever poss ib l e ,  s h a l l  no t  cause f a c i l i t y  
personnel t o  work e x t r a  hours ,  miss work breaks,  lunches o r  
o t h e r  important  a c t i v i t i e s  o r  meetings. Team members shall 
not  knowingly v i o l a t e ,  o r  cause o t h e r s  t o  v i o l a t e ,  any work 
practices o r  t r a d e  union rules. 

Each team 

If the team member is not 

D. MISCELLANEOUS 

1. 

2. 

The d r e s s  code for a l l  team members dur ing  working hours 
shall  be neat, c lean and p ro fes s iona l .  Men are encouraged 
t o  wear a c o a t  and t i e .  Women are encouraged t o  wear 
appropr i a t e  business  a t t i re .  Persons e n t e r i n g  opera t ing  
equipment a r e a s  or rad i  01 ogi ca l  l y  con t ro l  1 ed a reas  shall 
d r e s s  accordingly.  The f a c i l i t y ' s  guide1 ines f o r  personnel 
s a f e t y  shal l  be adhered t o  a t  a l l  times. Blue j eans ,  t ank  
tops i  s h o r t s ,  basebal l  caps,  sun g l a s s e s  ( indoors)  o r  o t h e r  
casual  o r  a t h l e t i c  a t t i r e  s h a l l  n o t  be worn on s i t e  a t  any 
t ime wi th  ou t  s p e c i f i c  a u t h o r i z a t i o n  from t h e  TM. 

TAP S ta f f  members s h a l l  maintain and/or improve their  
q u a l j f i c a t i o n s  by p a r t i c i p a t i n g  i n  an appropr i a t e  cont inuing 
t r a i n i n g  program. 
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VIII. ATTACHMENTS: 

A. None 

IX. RECORDS: 

A. None 
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CONFLICT RESOLUTION 

OVERALL OBJECTIVE 

0 Provide team members with the tools for 
ensuring open, constructive collaboration and 
communication. 

Purpose 

To help participants recognize that conflict is 
part of team work 

To understand the importance of resolving 
conflict using open communication techniques 

To understand the importance of recognizing 
potential conflict during the assessment 
process 

To understand the impact of personal 
perceptions, experience, and assumptions in 
conflict 

Definition 

Conflict 

A state of open fighting; warfare. A state of 
disagreement and disharmony; clash. 

Colla borate 

To work together, esp. in a joint intellectual effort. 

- Assessment Team Training Conflict Resolution - 
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Levels of Conflict 

Disagreements are natural', and how you solve 
them can lead to conflict or better ideas and 
solutions. Conflicting interests, experiences, 
communications, perceptions, and values greet 
us at every turn. To be interpersonally 
effective, you need to understand conflict, and 
how to effectively manage it. 

Conflict is a process that in itself is neither 
good nor bad, but which has elements and 
outcomes that may be perceived favorably or 
unfavorably by those participating in or 
evaluating it. 

Perceotions 

- people see what they are looking for. 

Assumotions 

- the way individuals think things are. 

Personal Exoerience 

- the way things have been seen before. ._ 
Personal ExDectations 

- the way people hope things will be. 
. ,. . ' 

Values 
- what people have been taught to  

believe is right and wrong. 
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METHODS OF HANDLING CONFLICT 

LCCPC Conflict Model 

Listen 

- to understand what the sender is saying or 
what the message means. 

Clarifv 

- points of agreement. . 

Clarify 

- points of disagreement. 

Problem Solve 

- once the cause or issue is known begin to 
share your thoughts and ideas on methods of 
solving the problem. 

Conflict Resolution 

- as a result of solving or recognizing the 
problem, come to a consensus. 
.- 

Flight or Fight 

Avoid 

- setting it aside, assuming you need better or 
more data 

Accommodate 

- giving in, acquiescing to the situation or 
person - 

Conflict Resolution I_ - Assessment Team Training 
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Attack 

- demanding, challenging for attention or 
recognition 

Control 

- wins over the expense of others 

Collaborate 

- reaching a solution through consensus 

Open-ended questions 

- begin with Is, As, Did, Can, Will, or Shall. 

Questions that are answered with "Yes or No." 

Closed-ended questions 

, - begin with What? When? Where? Why? Who? 

The person CAN NOT answer with a simple yes or 
no. -It gives them a chance to explain. 

Consensus 

Consensus is a decision making method 
which best reflects the thinking of all group 
members. Consensus is difficult to reach; 
not every idea will meet with everyone's 
approval. But each individual should be able 
to find the proposal acceptable on the basis 
of logic and feasibility. When all group 
members feel this way, you have reached 
consensus. 

Avoid arguing for your own opinion 
I S  

Avoid a win-lose attitude 
Conflict Resolution - - Assessment Team Training 
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Don't just  agree to avoid conflict 

- be suspicious of quick solutions 

- explore alternatives 

- identify what is known 

Avoid conflict-reducing techniques 

- majority vote 

- averages 

- coin flips 

Differences of opinion are natural 

- involve everyone 

- disagreement provides wide range 
of ideas and opinion 

- greater opportunity to ascertain the solution 

How to Resolve the Unexpected 

Win-Win Attitudes 

Belief in mutually acceptable solution 

Recognition that conflict is natural 

Cooperation rather than competition 

0 Differences of opinion are helpful 

0 Minimize power differences 

Self-examination of your own beliefs, 
attitudes, perceptions. 

Conflict Resolution - - Assessment Team Training 
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0 P r ovid e "fa ce-sav i n g I' situ at ions 

Summary 

Disagreements are natural, and how you solve 
them can lead to conflict or better ideas and 
solutions. At times each one of you.may act as a 
mediator to solve the problem or issue. At best 
some of you may act as the catalyst to help others 
work through their differences. 

BiblioaraDhy 

'. The American Heritage Dictionary, 1982, p. 309. 

? ibid. p. 291. 

1 .  . 
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Conflict Resolution Model 

Clarify 
(Agreement) 

. .- - . -... . _  . . . . . . _- 

Listen 
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DOE F-5631.20 Request for Visit or Access Approval Form 

Operating procedures at all DOE complex facilities require a sufficient lead time for 
processing of a transfer clearance. Although lead time requirements may vary from facility 
to facility, 3-4 weeks should be adequate. An inquiry with regard to the Drocess time is 
advised. 

Official visits to other facilities requiring access to Exclusion Areas, Materials Access Areas, 
or special accesses (such as SCI, WNINTEL, SIGMA, CRYPTO, etc.) that clearances be 
certified to that specific facility. The individual's clearance level validation must be received 
by the facility to be visited before the actual visit commences. 

When completing the DOE F-5631.20 form, the dates of the visit must be accurately and 
specifically noted. If required, SIGMA categories are required to be named specifically (this 
information is available from the facility contact). The form also requires the full name of 
the contact at the facility including a telephone number and facsimile number. 

The processing of completed forms can only be initiated by the facility where the visitor's 
clwance is assigned. 



Program Feedback Session Title: 

Date: 

Concern or Comment: 

Suggested Action: 

-- 
Submitted By (optional): 

Would you like to discuss this personally? With whom? 
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DRAFT 

Interim Recommendations for Storage of Plutonium Metal and 
Plutonium Oxide 

at Department of Energy Facilities 

The following recommendations are made to improve current plutonium storage 
safety practices. 
package plutonium based upon long-term standards, these recommendations are 
applicable to plutonium metal or plutonium oxide stored outside of glovebox 
lines in containments that do not have certified hermetic seals (i.e., per 
ANSI N14.5' ) . 

Until new equipment and facilities become available to 

1. 

2. 

3 .  

4. 

5 .  

6. 

Plutonium solutions, metal turnings, or particles with specific 
surface areas gfiater than 1 an2/, should not be stored outside of 
gloveboxes. 

All packages containing plutonium metal should be taped, re-taped, 
and placed in plastic bags prior to handling. 

Inspections should incorporate use of adequate personnel protection. 
Inspection practices should be codified in surveillance plans. 
plans should reflect current facility operating status. 
be personnel radiological surveillance during all handling 
operations. 
protective clothing and gloves; and, if necessaxy, respiratory 
protection. 

These 
There must 

Personnel protection during operations should include 

Inspection of containers should be integrated with audits for 
Materials Control and Accountability (MCbCA) to minimize container 
handling and attendant radiation exposure to levels as low as 
reasonably achievable (ALARAI. 

Containers should be inspected for abnormalities (e.g. mass change; 
container deformation or discoloration) using visual inspection, 
weighing, or video surveillance where such capability exists. 
Findings should be recdrded for safety and material control and 
accountability ( M C W  evaluations. Visual inspections should be made 
at intervals of 1 week and 1 month after the materials initial 
containment, and annually thereafter. 

Packages containing more than 0.5 kg of plutonium metal should 
undergo an annual surveillance in which the total mass of the package 
is,determined to an accuracy of k0.S g and compared with the 
preceding year's mass and with the initial (reference) mass at the 
time of packaging. A storage package should be evaluated (e.g., 
opened and inspected, radiographed.) if any of the following 
conditions are evident: 

ANSI N14.5-1987. Standard for Radioactive Materials - Leakage Tests on 
Packages for Shipment, American National Standards Institute, Inc., New York, 
NY. 



The outer storage vessel is bulged or distorted. 

7 .  

a. 

9 .  

a. 

b. 

C. 

Hydride-catalyzed oxidation is suspected. 
indicated by a mass increase in either of two circumstances: 

Such reaction is 

i) For item 6 packages whose masses continue to increase 
since initial packaging or for which historical mass data 
are unavailable, a mass increase greater than 15 g per 
kilogram of plutonium over a one-year period indicates a 
hydride-catalyzed oxidation reaction2 . 
For a package whose mass has remained constant over a 
period of several years (less than 20.5 g change) from 
its reference value, then undergoes an annual mass 
increase of more than 2 g per kilogram of plutonium, 
hydride-catalyzed reaction is indicated. Such a package 
is particularly suspect. 
previously sealed container may now be breached and that 
the continuing reaction may lead to rapid containment 
failure within 12 to 24 months. 

The indications are that 

The measured package mass, relative to the reference mass, 
corresponds to the mass that indicates formation of oxide 
with d volume exceeding 10% of the free volume of the inner 
vessel. (Each one-gram increase in mass corresponds to 
formation of 1.5 cm3 of oxide with a density of 50% of the 
theoretical value of 11.46 g/cm3.) 

Inspected containers e ibiting abnormalities (e.g., external 

repackaged in accordance with well-defined procedures (Items 3 and 
4 ) .  Handling such containers outside of a glovebox or conveyor 
confinement requires respiratory protection use until the package is 
placed in an over-pack container (e.g., taped metal can or sealed 
plastic bag) prior to further handling and transport. 

contamination, bulging,, T discoloration, or other anomalies) should be 

As an interim measure, material that is repackaged may be placed in a 
food pack can-or slip-fit (Vollrathl container with a secured lid. If 
possible, metal should be repackaged in a configuration containing at 
least one gas-tight seal. No plastic material should be in direct 
contact with plutonium metal or oxide, and use of plastic-in outer 
layers of packaging should be minimized. 

When packaging metal, hazardous or pyrophoric material such as 
plutonium hydride, should be removed. It is not, however, necessary 
to remove protective oxide film. Metal should be packaged in as dry 

2 A  higher oxidation rate may occur if the contained metal exhibits a 
high-surface area configuration such as sheet or foil. 
increase for normal (uncatalyzed) oxidation of a given metal geometry can be 
calculated using a reaction rate of 3 x 10'' g oxygen/cm2-minute measured for 
alpha-phase plutonium under moist conditions at 5OoC. 

The maximum annual 
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and inert an environment as possible to minimize corrosion ( < l o 0  ppm 
H20) . 

Impure oxide from sources other than metal should be thermally 
stabilized at 1 ,000  -f. 100 OC.for at least an hour, or placed in a 
combination of a slightly lower temperature (-850 OC) for longer 
heating time to result in the lowest Loss on Ignition (LO11 
practicable with existing equipment. This ensures complete 
conversion of substoichiometric material, and aid small-particle 
coalescence which diminishes dispersal risk. 

Because plutonium oxide has greater potential for dispersion in 
severe accidents, it should have priority over metal for storage in 
structurally robust vaults. 
that it has not converted to oxide while in storage. Stored 
plutonium will have increasing radiation level because the buildup of 
Ain-241. Therefore, characterization of metal should be done as soon 
as possible and should make full use of small sample statistical 
methods to minimize worker exposure. 
should be integrated with a site's surveillance plan as well. 

Metal should be characterized to ensure 

The results of characterization 

Quality assurance measures, labeling, material characterization are 

thoroughly documented. 
, essential. Material and storage packaging specifics should be 
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?he Department of Energy (DOE) mission for utilization and storage of nuclear materials has 
m n t l y  changed as a result of the end of the "Cold War" era Past and current plutonium storage 
practices largely reflect a temporary, in-process, or in-use storage condition which must now be 
changed to accommodate longer-tenn storage. This report summarizes infoxmation concerning 
c m n t  plutonium metal and oxide storage practices which was presented at the office of Defense 
programs @P) workshop in Albuquerque, New Mexico on May 2627,1993 and contained in 
responses to questions by DP-62 from the field organizations. 

The scope of the pdntations and discussions was limited to packaging and i n t e h  storage of 
weapons-grade, fuel-grade, and power-grade plutonium. Consideration was given to current and 
potential interim storage criteria as they would evolve into longer tern storage in Complex 21 
facilities. Existing storage and handling requirements for plutonium metal and oxide are currently 
covered in DOE Orders 5480.3 and 5480.5 as well as orders covering critical@ limits, safeguards 
and security, and transportation. Storage of residues, waste, or pyrophoric plutonium materials 
are not included@xe principal difference betiveen i n h  and long-term storage is the need for 
@and=, of plutonium from a con glove box into an improved, hermetically 
seaid storage container w i t h a i o n  of plastic or other organic materials. The improved 
container can then be safely stored within structures and vaults meeting Safeguards criterh 

Material requirements were developed for interim storage of both plutonium metal and oxide. 
These are: 

, rr , 

Metal must be of a size configuration that males it non-pyrophoric; 
No plastic or organic materials shall be in direct contact with stored plutonium; 
Thermally stabilize oxide at lo00 "C with subsequent cooling and packaging in a dry 
atmosphere. 

Additional requirements for packaging and storage are: 

Move toward containers which are hermetically sealed and away from containers using 

Coordinate plutonium inventories and inspections so as to minimhe radiation exposure. 
organic materials for seals; 

A new intexim guidance for the safe storage of plutonium metal and oxide has evolved from the 
assessments developed within this report 

- iv - 



I. Introduction 
On April 30,1993, EG&G Rocky Flats, Inc., the 
Rocky Flats Plant, notified the Department of Energy 
stored metallic plutonium in accordance with schedules 
procedures. Concerns focused on plutonium metal and 
considered to be pyrophoric and because they might 
conditions. As a result, it has been common practice to 

T@iZXcomsion. If 
thermmstabiliied by8&dation atf$$"te%peratue and the mefriI-was repackaged. To remedy the 
immediate situation, &&G Rocky Flats was asked to develop a plan and detailed procedures for 
necessary inspections, cleaning and repackaging. a' S7bRm ~ / r t f ~ r c 3 t r l ~ - & s X f ~  I / Y Z W ~ G  

In order to determine whether similar problems exist at other DOE facilities, the office of D e f m  
Programs (DP) requested all.Operations offices to provide information on practices at other DP 
plutonium storage s i tessd  organized a workshop on storage issues. The workshop was held in 
Albuquerque, New Mexico, on May.26 and 27,1993; 

The objectives of the wo&hop were to: 

dat ion  was depped necessa ry , emproduc t s  were removed and h r /  
pM 

' dgDEiL+Ge\k PUU~\%U'" 

1) Identify plutonium (metal and oxide) storage issues at Department of Energy (DOE) &tes; 

2) Evaluate whether there are any immediate safety concerns for site workers and the public; 

3) Initiate development of DOE-wide criteria for interim, safe storage of plutonium metal and 
oxides, including requirements for surveillance, good practices, etc.; and 

4) Discuss the relationships between the requirements for c m n t ,  near-term, and long-term 
storage. 

The processing and storage of plutonium residues, 238Pu, and Pu-bearing liquids were excluded 
from the scope of the workshop and are not considered in this repon 

The agenda for the workshop (Appendix A) was developed by an ad hoc steering group of DOE 
Headquarters personnel and contractors with recognized expertise in plutonium handling and 
storage. AU DOE sites were represented at the workshop as well as non-DP sites at which 
significant quantities of plutonium are stored. Participants in the workshop, including designated 
presenters, are also listed in Appendix A. The program was coordinated with representatives from 
Operations Offices and Headquters Program Offices. It included a review of the technical basis 
for plutonium storage practices, descriptions of current and planned near-term storage practices at 
each facility, and a presentation of advanced concepts for long-term storage being developed as 
par& of the weapons complex reconfigtiration (i.e., Complex-21) effort. Based on the 
presentations and subsequent discussions, a general consensus was achieved on the hazards 
associated with the storage of plutonium metal and oxide, and on recommendations to DOE for 
enhancing the safety of the Department's storage practices. 

The scope of this report is limited to an analysis of storage practices for extracted plutonium metal 
and oxide. Materials havin distributions of plutonium isotopes in the weapons-grade range are 

in pits, plutonium in residues (less than 50 mass 46 Pu), and metallic turnings and particles with 
specific surface areas greater than 1 cm2/g * 'not included. This report examines issues pertinent to 
establishing standards for short-term (up 210 years) and long-term (up to 100 years) storage. 
The ultimate disposition of plutonium is not addressed. 

considered, those rich in 23 f Pu are excluded. Storage of plutonium in aqueous solution, plutonium 
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Information presented at the workshop along with that obtained from wxitten responses to reqaests 
from DP is the basis for this analysis. Properties relevant to safe storage of metal and oxide ~IE 
discussed in Section II. Current storage practices at DOE facilities are xeviewed in Section IU. . 
Advanced storage concepts and a brief hazard analysis that attempts to bound the risks from the 
current storage practica are described in Sections IV and V, respectively. Section VI includes 
recommendations for improving storage practices. Section VII contains a bibliography for further, 
suggested reading. Refemces cited within the text are found at the bottom of the relevant pages. 

The following authors contributed to this =port 

Lisa K. Chan, Department of Energy, Office of Defense Programs 
Dae Y. Chung, Department of Energy, Office of Defense Programs 
Donald T. Chung, SCIENTECH, Inc. 
Raymond Cooperstein, Department of Energy, office of Defense Programs 
Rowland E. Felt, Westinghouse Idaho Nuclear Company 
John M. Haschke, Los Alamos National Laboratory 
Joseph C. Martz, Los Alamos National Labratory 
David Michlewicz, Department of Energy, office of Defense Programs 
Jofu Mishima, Science Applications International Corporation 
Thomas O'Connor, Department of Energy, office of Environment, Safety, and Health 
David M. Pinkston, Science Applications Intemtional Corporation 
Michael E Stevens, Los Alamos National Laboratory 
Alan K. Williams, Science Applications International Corporation 
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II. Material Properties Relevant to Storage 
EA. Metal, Oxides, and Oxidation' 

The chemistry of plutonium is unique, but certain aspects closely parallel those of other actinide 
elements. Large pieces of plutonium metal m c t  slowly with the oxygen in air at mom temperature 
to form plutonium o x i k  The rate of oxidation is dependent on a number of factors. These. 
include: 1) t e m p e m ,  2) surface anxi of the nxicting metal, 3) oxygen concentration, 4) 
concentration of moisture and other vapors in the air, 5) the type and extent of alloying, and 6) 
presence of a protective oxide layer on the metal surface.' The rate of oxidation increases with 
incmses in the first four factors and decreases with the lastu Alloying can either increase or 
decrease the oxidation rate, depending on the alloying metal. The oxide formed on the surface of 
galliumGontaining alloys is very adherent and retards further 0xidation.4 Of all these factors, 
m o i s m  has a large effect on the oxidation rate and is especially significant in evaluating 
conditions for storing plutonium metal and oxide. 

i 

several plutonium oxides can be formexi from oxidation of metal or decomposition of plutonium 
compounds. Oxide phases corresponding to sesquioxide (Pu203) and dioxide (Puoz) 
compositions have been identified and are well characterized?l6 Oxides with stoichiometric 
compositions between the sesquioxide and dioxide form under certain conditions. The phase 
previously identified as plutonium monoxide (PuO) is actually an oxide carbide (puoo.&.4)? 
Pu203 is pyrophoric in airs and rapidly forms dioxide while releasing 54 kcal of headmol of 
Puqt.9 The dioxide is inert ia air, but reportedly reacts slowly with water vapor at elevated 1 -  

I 

1C.A. Colmenares, Prog. Solid State @hem. 9 (1984) 257.. 

2J.L. Stakebake and L.M. Steward, J. Elecwchem. Soc., 119 (1972) 730. 

3K. Terada, R.L. Meisel, and M.R Dringman,,J. Nucl. Mater., 30 (1%9) 340. 

4J.L. Stakebake and LA. Lewis, "High Temperature Oxidation of Plutonium-1 wt% Gallium in 
94.5% Nitrogd5.596 Oxygen Atmospheres," Rockwell International Aerospace Operations 
Report, Rocky Flats Plant, CO, RFP-3933 (November 1986). 

Edition, voL 2, eds. JJ. Katz, G.T. Seaborg, and L.R. Morss (Chapman & Hall, New York, 
1986) chapter 17. 

5L.R Morss, ""hemodynamic Properties" in The Chemistry of the Actinide Elements 2nd 

6J.M. Haschke, "Hydrolysis of Plutonium: Pluto$um-Oxygen Phase Diagram" in Transuranium 
Elements a Half Century, eds. LR Mom and J. Fuger (American Chemical Society, 
Washington, D.C., 1992) chapter 40. 

7D.T. Larson and John M. Haschke, Inorg. Chem. 20 (1981) 1945. 

8J.M. Cleveland, "Compounds of Plutonium" in Plutonium Handbook a Guide to the Technology, 
Vol I and I& ed. OJ. Wick (American Nuclear Society, La Grange Park, IL, 1980) Chapter 12. 

%.R Mom, Thermodynamic Properties" in The Chemktry of the Actinide Elements 2nd 
Edition, vol. 2, eds. JJ. Katz, G.T. Seaborg, and L.R. Morss (Chapman & Hall, New York, 
1986) chapter 17. 
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temperatures to form a higher oxide (Pum) plus hydrogen.10 Substoichiometric oxides or "sub- 
oxides" with compositions near dioxide (e. g., PuOlj8) oxidize slowly to PUR. The heat 
liberated from the oxidation of h01.98 is ody 4.54 kcah01 cornpaxed to 252.8 kcah01 for the 
oxidation of h metaito h&. 

The formation of oxide from metal is accompanied by a large volume amansion (at least 40 f 
which may bulge or bmch the primary container. Case studies show that mechanical wedgi 
resulting from this expansion can even breach a second metal container, resulting in localk 
contamination release and possible exposure of vault personneLl1 Oxidation of the metal an. 
rupture of the container by mechanical wedging are prevented if the storage container is 
hermetically sealed. 

Properties of the dioxide may vary with the method of preparation. The particle size disttibution 
and specific surface am of process oxide prepared by pyrolysis or calcination of a precipitate such 
as the oxalate, nitrate or peroxide may differ substantially from those of dioxide obtained by 
oxidation of the metal.12 Whereas high temperature (> 500 "C) oxidation of metal yields an oxide 
with a relatively low specific surface am (e 0.1 m2/g), the product obtained by pyrolysis of 
oxalate has a high specific am (10-50 m2/g) that varies with calcination Fmperature. The specific 
areas of oxides formed by oxidation of metal in air at room temperam aie typically in the 10- 
20 m2/g range.13 The purity of process oxides may also vary with the conditions of calcination 
due to differences in the amount of aniyn residues reinaining in the product after calcination. 

Although chemical corrosion is not a concern with ha, d o n s  involving "oxides" are known. 
In additiontothe uhoric oxides generated by the corrosion of metal in oxygen- 
deticient atmosphEwnc&!$?$hgen may contain metal fines and small amountssf_h. 
EXWrknE h-dkates these Droducts 0 in a r e l a t i v e m d ,  but s a f e z e i '  However, this 
general rule should not be considered applicab&d-the oxide contains large-%iZ.unts of potentially 
reactive impurities such as hydride. Reactive impurities can pose afire hazard by acting as an 
initiation source for combustible The risk of a large & is virtually eliminated if the 
amount of combustible material in the storage environment is limited. ,d 

sealed container can lead to bulging or m p m .  Since adsorbed species are removed by heating 

1OJ. L Stakebake, D.T. Larson, and J.M. Haschke, J. Alloys Comp., in publication; also 
available as Los Alamos Report LA-UR-93-OO40 (1993). 

11J.M. Haschke and J.C. Martz, "Metal-Oxide Chemistry and Storage," Dmentation to the DG . 
workshop QR plutonium storage, Los Alamos Report u-CP-93-iS9, hbuquerque, NM 
26, 1993). 

12J.D. Moseley and RO. Wing, "Properties of Plutonium Dioxide," Dow Chemical Company 

13J.L. Stakebake and M.R. Dringman, J. Nucl. Mat. 23 (1967) 349. 

Report, Golden, CO, RFP-503 (August 1965). 
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d{.&f 
oxi to an elevated temperature in air, thermal procesSing may be used to remove adsorbates from 
the o&de prior to storage. Care must be taken to prevent re-exposuxe of processed material to 
moistwe and other contaminants befoxe packaging. Thermal desorption of gases due to internal or 
external heating of a sealed storage container can also generate high pmsures. 

Alpha decay of plutonium provides another potential source for p m s d g  sealed containers. 
Decay of S9Pu  produces helium at a rate of 1.19 x 10.4 mol Hekg Pu yr. (1.05 x 10-4 mol 
H a g  Pu@ yr.). Whereas the helium produced in oxide diffuses out of the solid particles,14 
M u m  generated in bulk metal is retained and accumulates as small bubbles along grain 
bounclaries.15 The contribution of helium to presswiZation of an oxide storage container is 
negligible for near-- storage, but must be considered if the storage period is extended.16 

I 
ILB. Reactions Involving Water . ,' 

I ,&it;.. ' 
Water vapor accelerates the oxidation of plutonium by oxygen and reacts directly with the metal." 
The process by which water enhances the rate remains open to debate, but it is generally believed 2 
that the process involves formation of plutonium hydxide. The net result is Et-tKoxidation fate b 
about ten times higher in humid air than in dry air at room temperature. For this reason, plutonium 
metal has routinely been handled in a very dry atmosphere such as one with a -4Q O C -  dew point. 
Nitrogen or argon can be effective in reducing oxidation of plutonium in gloGe boxes and 
enclosms if water vapor can also be exclud d Rapid oxidation does not occur if oxygen is 

humidity) accompanies the oxygen, then rapid metal oxidation can be anticipated. Water is not 
used in glove box enclosures containing plutonium metal, the principal source of both oxygen and 
water is diffusion through enclosure gloves and lastic bag-out ports. 

Plutonium dioxide is hygroscopic and a high $dace am mated which can adsorb up to 8% of 
its weight as water on the surface. The q 

Approximately 2/3 of the moisture is only physicidly aJ(soM and can be removed by minimal 
kiting at 50-100 O C .  Tempemhuts up to lo00 OC axe aecessary to remove the remaining 
chemisorbed water. 

pxtsent at a level of 5% in nitrogen or argon. Y 8 However, if 1.3 % moisture (50% relative 

fB 
the oxide. As shown by data in Figure 1, 2 sorbed moisture can be removed by heating the oiide. 

ty adsorbed is a direct function of the surface area of 

, 
'J 

The principal hazard associated with adsorbed water is pmurization of a sealed oxide container 
through any of several separate processes including thermal desorption of water, radiolysis to 
form oxygen and hydrogen, or direct m t i o n  with the oxide to form a higher oxide and hydrogen 

14B.A. Mueller, D.D. Rob, and RN.R. Mulford, "Helium Release and Microstructural Changes 
in D'PuQ," LOS Alamos Report LA-5524,April.1974. 

15M.F. Stevens, T.G. Zocco, and J.H. Steele, "Bubble-Void Formation in Delta Phase Plutonium 

16J.C. Martz, "Analysis of Plutonium Storage Pressure Rise," US DOE Report, Los Alamos, 

0," LOS Alamos Report MST-5-88i9, August 25,1988 (SeCret/RD). 

NM, NMT-5~92-328 (July 1992). 

17J.L. Stakebake, "CharacteriZation of the Plutonium-Water Reaction: Reaction Kinetics Between 
200 and 350 OC," in Trans= 'urn Eleme nts: A Half Cenhq, L.R Moss and J. Fuger eds., 
American Nuclear Society, Washington D.C. (1992), chapter 27. 

18J.L. Stakebake and L.A. Lewis, "High Temperam Oxidation of Plutonium-1 wt% Gallium in 
94.5% Nitroged5.546 Oxygen Atmospheres," Rockwell International Aerospace Operations 
Report, Rocky Flats Plant, CO, RFP-3933 (November 1986). 
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- I? 
gas. Storage requirements for oxideEhave generally required a prior calcination temperam of 650- 
700 O C  to minimize container pressurization. Data for oxide with a specific surface area of 
17 m2/g (cf. Figure 1) show that this mtment  leaves about 2 mg of water per gram PuQ. For a 
typical storage configuration (3 kg of oxide with 2 liters free volume) the pressure could ultimately 
exceed 60 psig after calcination at 650-700 OC. If the stored oxide has a surface area of 50 d / g ,  
the pressure could reach 180 psig. 

30 l t l l l l l l l l l l l l l l l l l  

25 

i i I - 

: .  

20 r- Physical Adsorption i - 
i i - i 

0 200 400 600 800 1000 
Temperature ( O C )  

Figwe 1. The temperature dependence of water desorption from plutonium 
dioxide in vacuum. Data are from a sequence of isothermal measurements 
with a Pu@ sample having a specific surface anxi of 17 mz/g.lg 

P r e s s h t i o n  of oxide containers might be prevented by use of sealed containers fitted with 
durable, highefficiency metal filters. Although radiolytic gases can escape without release of 
plutonium-containing particles, air (possibly moist) is able to enter the container. Radiolysis of 
nitmgenloxygen mixtures forms large amounts of N20, N&, and N204.20 When water is 
present, nitrogen oxides form a highly-corrosive (e.g. HNG) environment21 However, a serious 
concern exists regarding the "masking" of filter media. Sintered metal and fibrous filters can have 
the pores maski if the surface is covered by a fine powder such as might occur if the container is 
overturned. Once masked, the Nter would only be a structurally weak portion of the container 
while not allowing the passage of pressurized gases. 

19J.C. Stakebake and LM. Steward, J. Colloid Interface Sci. 42 (1973) 581. 

20J.L. Stakebake, R.$. Losier, and C.A. Chambers, Appl. Spectrosc. 25 (1971) 70. 

21P.G. Stecher, MJ. Finkel, and O.H. Siegmund, SevehEdUm * *  ,Merckand 
Co., Inc., Rahway, NJ (1960). 
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II.C. Hydride 

Plutonium hydride (PuHx, 2 < x < 3) forms during corrosion of plutonium metal by hydrogen 
from water, organic materials and other sources.- The quantity of hydride produced depends 
on the rate of hydrogen fonnation and on the magnitude of the hydrogen-containing source. The 
presence of oxygen or moisture with the hydrogen results in an oxide+hydride mixture. The 
reactivity of plutonium hydride in air depends on factors such as particle size, presendabsence of 
protective oxide layer, and hydrogen:plutonium ratio, x. Finely divided hydride is pyrophoric in 
air at room temperature. Thus, the only safe practice is to handle and store hydride in a dry, 
oxygen-& atmosphere free of unnecessary combustibles. 

Hydride is rapidly oxidized'by dry air at room temperature to produce Puo;! and H2 and reacts with 
nitrogen at 250 O C  to form plutonium nitride 0. Reaction of PuH2 with @ releases 
213.5 kcal/mol. 

II.D. Plastics and Other Organic Materials in Storage 

Contamination-free exterior surfaces have typically been required for containers used in shipment 
and vault storage of plutonium. This has usually been accomplished by a "bag-out" operation in 
which a sealed plastic bag is used to contain plutonium contamination, Plutonium metal buttons 
were bagged out and sealed in food-pack cans for storage. If the button was not placed in a metal 
can before bag out, it remained in direct contact with the plastic inside the sealed container. The 
tempera- of the stored metal is generally slightly elevated due to the heat from radioactive decay. 

Polyethylene and polyvinyl chloride (WC) axe used as bagging materials and both deteriorate 
under heat and radiation and generate undesirable gaseous products.24 E,xperiments show that 
lowdensity polyethylene can be used to tempemtuns as high as 300 OC without excessive 
degradation to form hydrogen, The maximum seMce temperature for PVC is approximately 
85 OC. In addition to H2, the& degradation of this plastic produces gaseous HCl that 
corrosively reacts with other materials to form hydrogen. Polyethylene is the preferred bagging 
material, but is more difficult to heat-seal. Radiolysis of the two plastics yields large amounts of 
the same gaseous products as pyrolysis. The radiolysis rate is a function of the surface area of . 
plastic in intimate contact with plutoniumcontaining material.u Due to the limited escape depth of 
alpha particles from dense materials, a film of contamination or fiae oxide particles deposited on 

# 

. 

e 

. .  22J.M. Haschke, "Actinide Hydrides," in m f - E E  
V a  Chapter 1, G. Meyer and LR Mobs eds., Kluwer 

Academic Publisheqs, Dordrecht, Netherlands (1991). 

Defense Research Review 0 , 4  (1992) (SIRD). 

I 

23J.M. Haschke and T.H. Allen, "Hydrogen Corrosion of Plutonium in Nuclear Weapons 0," 

WAR Kazanjian, P.M. Arnold, W.C. Simmons, and E.L. DAmico, "Gas Generation Results 
and Venting Study for Transuranic Waste Drums," Rocky Flats Report RFP-3739, September 
23, 1985. 

SG. Friedlander, J.W. Kennedy, and J.M. Miller, , John Wiley 
and Sons, Inc., New Yo& (1966). 
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the plastic is comparable to a massive piece of metal in promoting radiolytic degradation. If the 
plastic is outside of a sealed can containing the metal button, degradation of the plastic is reduced 
because the only source of plutonium-containing particles is contamination on the exterior of the 
Can. 

Reaction of plutonium with hydrogen is the principal corrosion concern for metal that is not 
isolated from the gases formed by degradation of plastics.% At room temprclau, the reaction of 
metal with H2 is 106 times more rapid than the reaction with 02.27 Any oxygen initially presen * : 
the sealed storage container reacts with hydride or metal to generate an oxygen-free atmosphere Ai 
the absence of oxygen all Pu@ remaining on the surfaces of hydride and metal is slowly reducL 
to pyrophoric Pu203.a These reactions prevent pressuriZaton of the container and the mixture of 
metal, hydride and oxide is stable as long as the container is sealed. Once the storage container is 
opened, airborne hydride and sesquioxide will ignite and burn with foxmation of sparks. Special 
precautions are necessary when handling such containem to avoid sparks that spread contamination 
and might ignite combustible materials. 

Plutonium oxide is never "bagged-out" in direct contact with plastic. Cans containing oxide are 
either sealed by mechanically crimping or by wing on a slip-lid. When the can is "bagged-out" 
only the inner surface of the plastic bag and outer surface of the can are contaminated. Radiolytic 
degradation of the bag over time ultimately results in failure of the plastic as a containment banier. 
Use of a second sealed can over the plastic bag prevents the release of contamidon, but this outer 
can may pressurize as radiolytic gases are fonned. 

ILE. Carbides and Nitride 

Plutonium carbides, oxycarbides and nitride are reactive and potentially pyrophoric materials that 
could pose handling problems if exposed to air or OXygenGontaining atmospheres.29 These 
compounds react readily with moistme to form gaseous p d u c t s  such as methane, acetylene a d  
ammonk Since plutonium compounds of this type have been prepared at several sites and may 
have been "temporarily" stored under special conditions (hermetically sealed and handled under an 
inert atmosphere) without first oxidizing them, caution should be exercised in opening cans that 
might contain such materials. 

II.F. Pyrophoricity . 

Many elements exist in nature as oxides since the metallic form is chemically reactive in air. Th& 
behavior is described as pyrophoric only if the oxide forms at a rapid, sustained rate at ambient 
temperature. ?he alkafine metals such as sodium, potassium and lithium nxct violently with moist 
air, forming hydrogen which ignites and burns. Like alkaline earth metals such as magnesium and 
lxxyllium, the actinide elements such as thorium, d u m  and plutonium will sustain combustion 
and burn after ignition at elevated temperatures. 

26H.H. Van Tuyl, "Packaging of Plutonium for Storage or Shipment," Internal Report, Pacific 

27J.M. Haschke and J.C. Martz, "Interim Storage of Excess Plutonium: An Assessment of 

Northwest Laboratory, Richland, W A  (March 1981). 

0pti01~ 0," US DOE Report, LOS -OS, NM, LA-12624-MS (July 1993) ( S R D ) .  

2-8D.T. Larson and John M. Haschke, Inorg. Chem. 20 (1981) 1945. 

29J.M. Cleveland, of , American Nuclear Society, La Grange Park, IL 
(1979). 
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When heated to its .ignition tempemm, plutonium reacts at an accelerated oxidation rate which 
sustains continued oxidation.30 Burning metal liberates 1.0 kcal of heat per gram of plutonium. 
The buming temperature depends on the rate of heat dissipation to the surroundings and the rate of 
heat generation, which is dependent on the surface area of oxidizing metal. Temperatures of 
plutonium f m  usually exceed the melting temperature of plutonium metal (640 "C) which causes 
the material to consolidate into a molten co&iguration. As such, finely divided metal, turnings, 
and casting skulls tend to ignite readily and achieve a high initial temperature wuch lasts until 
melting occurs and the surface area is reduced. 

f i e  oxide layer that forms during burning attenuates diffusion of air to the oxide-metal interface 
and limits the oxidation rate of plutonium. The burning process is similar to that of a charcoal 
briquette. The oxidation rate of Pu in air at temperatures above 500 OC is constant with a value of 
0.2 g PuOZjcm2 min.31 Since a 2 kg plutonium button has an initial surface area on the order of 
100 cm2, a period of 2-4 hours is required for complete oxidation. Thus, the heat of combustion 
is dissipated over a relatively long period of time. 

The ignition temperam of plutonium metal depends on the factors which incmse the oxidation 
rate. As shown by Figure 2, finely divided plutonium.metal, such as metal powder or fine 
machine tumings, ignites near 150 "c. This temperam is easily reached if a coexisting 
pyrophoric material such as hydride or sesquioxide spontaneously ignites at room temperature. 
Bulk or massive plutonium metal characterized as having a specific surface area less than 1 cm2/g 
requires temperatures in excess of 400 OC to ignite. Based on Figure 2, Rocky Flats has defmed 
pyrophoric plutonium metal to be "that metal which will ignite spontaneously in air at a temperame 
of 150 "C (302 OF) or below in the absence of external heat, shock, or friction." Many plutonium 
fires have occurred because samples containing finely divided metal have spontaneously ignited. 
Fires have not occmed with clean metal existing in large pieces that have the higher ignition 
temperature. Thus, massive plutonium is not considered pyrophoric or capable of self ignition. 
An investigation of two instancesin which kilogram-sized plutonium pieces were observed to 
"spontaneously ignite" in air at room temperature shows that they had been exposed to unlimited 
sources of hydrogen for extended periods and that the samples were thermally insulated when 
ignition occurred. The amount of hydride present on these massive pieces apparently generated 
heat sufficient to raiselthe bulk temperam to the point of self ignition. These observations 
emphasize the need fof well-characte- materials. 

Pyrophoric materials have caused numerous incidents in which plutonium chips, lathe turnings and 
casting crucible skulls have ignited and bumed.323334 These ignition sources have resulted in 
several significant fires at plutonium metal processing facilities. Incidents involving spontaneous 

30E.J. Chatfield, J. Nucl. Mater., 32 (1969) 218. 

31J.M. Haschke, "Evaluation of Source-Tern Data for Plutonium Aerosolization," US DOE 
Report, LOS Alamos, NM, LA-12315-MS (July 1992). 

32J.G. Schnizlein and D.F. Fischer, J. Electrochem. Soc., 115 (1968) 462. 

33S.H. Pitts, Jr., Nuclear Safety, 9 (1968) 112. 

34RE. Felt, "Burning and Extinguishing Characteristics of Plutonium Metal Fires," Isochem Inc. 
Report, Richland, WA, ISO-756 (1967). 
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plutonium initiation can beexplained by the current understanding of the ignition and buming 
characteristics of plutonium metal.3 

' " " " I  I 
m 
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Figme 2. M @ d  ignition temperatures of plutonium as a function of specific 
surface area anb metal dimension36 

II.G. Particle Size 

The physical size of plutonium-containing particles in storage affects two undated phenomena. 
The first is the ability to absorb moistwe and the second is the ability to disperse as a source term 
in accident conditions?7 As with absorption, dispersibility increases with decreasing particle size. 
Massive Pu is not a dispersible form of plutonium; only after reaction to produce oxide particles 
does the material become potentially dispersible. As discussed in section ILF, several hours axe 
required to convert a typical 2 kg Pu button to oxide at the maximum oxidation rate in air with a 
concurrent volumetric expansion of product. Process oxide inhemtly exists in a potentially 
dispersible form. 

The particle size distribution of an oxide is strongly dependent on the method of preparation.% 
oxide particles formed by calcination of oxalate, nitrate or peroxide and those obtained by slow 

~~ 

35J.C. Martz, 3.M. Haschke, and J.L. Stakebake, "A Mechanism for Plutonium Pyrophoricity," 
manuscript submitted to J. NucL Mat., LA-UR-93-2655 (1993). 

36J.L. Stakebake, "Plutonium Pyrophoricity," EG&G Rocky Flats Division Report, Golden, CO, 

37J.M. Haschke, "Evaluation of Source-Term Data for Plutonium Aerosohtion," US DOE 

38J.D. Moseley and RO. Wing, "Properties of Plutonium Dioxide," Dow Chemical Company 

RFP-4517 (June 1992). 

Report, LOS Amos, NM, LA-12315-MS (JUiy 1992). 

Report, Golden, CO, RFT-503 (August 1965). 
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oxidation of metal by air at mom temperature are totally within the dispersible range (< 10 pm 
geometric dimension). Less than 0.1 mass% of the oxide produced by oxidation of the metal in air 
at temperatures above 500 OC is in the dispersible range?' These data imply that the dispersal risk 
of process oxide is approximately a thousand-fold greater than for metal in an equivalent scenario. 

Heating plutonium oxide at high temperatures increares the particle size of the powder. Particle 
size data for preparation of oxide from oxalate show a progressive shift in the size distribution with 
calcination temperature.39 The percentages of particles with dimensions in excess of 5 pn are 40, 
60 and 75 92 for calcination temperatuxes of 650,700 and lo00 OC, respectively. The difference 
for the respirable size range (< 3 pm geometric dimension) is even more dramatic. As the 
calcination temperature is increased from 650 to 700, and ultimately to loo0 OC, the percentage of 
particles in the respirable range decreases from 40 to 25 and M y  to 10 %. Similar changes in 
particle size are anticipated if existing oxides are h d  at high temperam. Increasing the apparent 
particle size has a beneficial effect on adsorption and on dispersal because adsorbates are removed, 
the capacity for readsorption is reduced, and the dispersibility/inhalation risk is decreased. High 
temperatwe calcination has been avoided in the past because it reduces the chemical reactivity of the 
oxide for dissolution and fluorination. However, its suitability for direct oxide reduction @OR) is 
enhanced. Advanced dissolution techniques using silver @) catalyzed nitric acid allow easier 
dissolution of high-fmd oxides. 

3Q.E. Felt, presentation to the DOE task force on plutonium storage, Gemantown, MD (July 20, 
1993). 
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III. Current Storage Practices 
Current plutonium storage practices at DP facilities are summarized in Table 1. The content of the 
table and following discussion are based on information presented at the workshop and contained 
in written responses to DP requests. 

Current plutonium storage practices at DOE sites (DP sites and Argonne West) reflect a balance 
between desire to maintain the metal for programmatic needs and the desire to avoid unnecessary 
costs and personnel radiation exposures associated with cleaning and repackaging the metal. 
Surveillance of s t o d  materials is primarily for security and safeguard/SNM material inventory 
rather than safety m o m .  At most sites, the safety inspections involve periodic manual 
examination of a statistically significant fraction of the storage containers. 

This section includes discussions of the containers used for storage of metal and oxide at DOE 
facilities and provides information on the experience and practice in storing plutonium at those 
sites. The specific storage procedures used for metal, for oxide from metal corrosion, and for 
process oxide are described. 

III.A. Containers 

Most DOE contractors use low cost containment schemes for the external storage of plutonium in 
vaults. In most cases this involves the use of taped, slip lid (e.g.? Vollrath) cans or crimpseal 
(food-pack) cans for the primary containment enclosed by a plasac bag for glove box environment 
removal. The bagged can isthen usually placed in a second metal can (either slip-lid or crimpseal 
type) which is placed on the vault shelf. Neither of these schemes may be considered to provide a 
long-term "hermetic" seal of the material against atmospheric exposue. The food pack cans rely 
on a latex coating on the lid to provide an initially air-tight seal, but this polymer is subject to 
radiolytic decay h m  contact with normal contamination over time. However, the outer container 
may provide for the necessary air tightness in the event of breakdown of the inner sea whiIe the 
inner container will still provide for physical containment of the metal and any generated oxide. 

IILB. Metal Storage 

Several DOE facilities presently store plutonium as metal. These include Rocky Flats, Los Alamos 
National Laboratory, Lawrence Livermore National Laboratory, Savqnnah River, Argonne 
National Laboratory-West, and Hanford. Proper storage of the metal, either in a vault-type room or 
within ventilated glove boxes, focuses on pxwenting contact of the metal with plastics or other 
organic materials (e. g., hydrocarbon oils) which are radiolytically decomposed by alpha decay to 
form hydrogen and other gases. 

The use of tape to seal slip-lid containers is probably less reliable than crimp-seal cans because tape 
does not provide even an initial air-tight seal, and allows for gradual degradation and oxidation of 
the metal over time. Reaction could result in a mechanical wedging-type rupture of the primary and 
possibly secondary container. Reduced risk to vault operations personnel from such packaging 
can be controlled with routine visual and nondestructive (e. g., m a s  measurement) examinations 
of stored items and with health physics monitoring of these storage areas for release of radioactive 
contamination. A history of multi-year storage of such item shows that rupture of containers is 
rare. 
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Table-1. Plutonium storage practices at DP sites. 

yr12 - Minimal quantities (Pu-Be so- and lab solutions) 

- AU PU stonid in sealed containers - Labels and seals checked bimonthly - Physical inventory of parts and statistical sample of containers - Inner sealed cans opened if contents suspect - All inspections in closed glove box or inspection hood (could introduce oxygen into 

- Procedm for storage area monitoring, cleaning oxides and repackaging - Over 70% of inventory has been surveyed, consolidated and repackaged in last 18 

- No nxpirement for safety inspections of metallic Pu in sealed containers - No unsafe storage identified in past inspections 

container atmosphere and increase corrosion) 

months 

- Only waste and weapon components - No procedures 

- SRS-produced buttons packaged in two crimp-sealed, metal food pack cans, with heat 

- SRS metal samples in vials within food pack cans within 5 gallon containers - Metal from offsite is packaged in two sealed, metal food pack cans - Confiiatory random sampling of containers checked for contamination, can integrity, 
SNM and weight gain/loss per standard operating procedure (SOP) - Bimonthly physical inventory of all containers of process-generated materials (not of 
containers received from off site) per SOP - check for tamper and mechanical integrity of 

- Inspections on schedule - latest completed 5/17-18/93 - Substantial amount of material stored from C e n t d  Scrap Management office (CSMO) in 
sealed shipping containers - No safety concerns identified 

sealed plastic around inner can 

CanS 

- Pu stored and inspected in accordance with p r o c e d ~  in vaults and vault-type buildings 
at PFP - Material includes metal, oxide, and other residues - Stored in two mechanically sealed containers (outer food-pack can) - Containers inspected before and during storage - Vault 2 inspected visually, vaults 1,3 and 4 monitored remotely - 100% coverage on a 
monthly basis for corrosion, dents, holes, bulges, etc., and repackaged in argon 
atmosphere, if necessary 



Table-1. Plutonium storage practices at DP sitec (cnntinued). 

- Material includes metal, residue metal, oxides, and other residues - Metal stored in sealed containers in vaults or inert glove boxes 
. - Swipes of containers and storage area 
- No inspection of metal in storage - Oxidation mtiodcontamination incident in February, 1993, due 
to container with.degraded plastic (hydride) opened in hood 
rather than glove box - Material repackaging and consolidation plan for future storage relies on high integrity 
container and storage environment characterization instead of extensive inspections 

- Metal stored in sealed Containers in vaults or inert glove boxes - Swipes and visual inspections of containers 

- Metal in sealed (welded) pits - Pits swiped prior to storage in approved containers and regularly monitored for 
contamination 

ITBI - Very small amount (e10 grams) in approved shipping container 

- 27% of metal stored in line, 73% out of line 
- 16% of oxide stored in line, 84% out of line 
- Various can/plastic/can/canier combinations (up to three) - Issues include: 

metal in contact with plastic 
metal in improperly sealed produce cans 
inconsistencies with internal procedure HSP 31.11- reexamining HSP 31.11 to 
accommodate longer storage rather than time period required for resumption 
a quantity of oxide calcined at low temperam (not stabilized) 
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Many sites find it necessary to store plutonium as metal in glove box lines. Since contamination is 
not a primary concern in this case, attention might be focused on protecting against contact with 
plastics and other organic materials to prevent hydride foxmation that may result in sparking. 
Additionally, such sites should also be clear of other combustibles, such as rags. Experience has 
shown that the 
oxidation process can be significantly retarded by cooling the storage environment or 
dehumidifying the storage atmosphere. A typical glove box atmosphere is either dry air (-40 OF 
dew point), reduced oxygen in air (3 to 5% 02), dry nitrogen, or dry argon. 

Although the above mentioned packaging methods (slip-fit can with taped lids, heat- or 
mechanically-sealed plastic bags, crimped food product cans with latex gasket) do not represent 
unusual hazards, they do not represeat optimum methods for the longer-term (> 5-10 years) 
storage of plutonium metal, especially where retrieval of the intact metal is desired. The preference 
here again is to ensure good protection of the metal against oxidative degradation, either through 
fully welded containers, metal gasket seals, or at the minimum, double food pack sealing. 

Finally, although not predominantly a safety issue, most conttactors use plutonium in its metallic 
form, and the ability to preserve the metal becomes an economic issue as well as a radiation 
exposure and waste generation issue, since it is undesirable to needlessly reprocess the material 
from oxide back to metal. 

1II.C. Oxide Storage 

Throughout the DOE complex during in-process operations, oxides are typically packaged in 
unsealed (taped) cans. The technical issues regarding reliability and safety are somewhat different 
than for metal. As with metal, it is strongly advised that the oxide not be directly packaged in 
plastic or in close proximity to plastic or other organic materials. Under such conditions, hydrogen 
is generated by the same radiolytic decay process that forms pyrophoric products during metal 
storage.40 It should be emphasized that this radiolytic decay does not produce a sparking hazard in 
stabilized oxide because stoichiometric oxide does not react with hydrogen. 

Unsealed containers do not pnxmize because hydrogen is able to escape. If the oxide is stored in 
sealed cans, the hydrogen gas pressure can result in possible breaching. Further, product 
hydrogen, when mixed with air, could ignite and act as an initiator for other combustibles. 
Therefore, mandatory repackaging of stored materials should be reviewed carefblly and only 
undertaken after a risk assessment is completed. 

Perhaps the more difficult issues to llesolve concerning the appropriate storage of oxide are its 
radiolytic decay and hygroscopic nature. As discussed above, this effect could lead to generation 
of pressures sufficient to b m h  a sealed container, resulting in release of contamination to the 
immediate area. Interim storage of plutonium oxide is safely accomplished in unsealed containers, 
such as taped slip-lid cans, but caution should be exercised with food pack cans, which are at best 
a temporary hexmetic seal. 

III.D. Thermal Processing Practices at DOE Facilities 

To prevent pressurization in storage containers, plutonium oxides are normally thermally processed 
prior to storage outside of Zone 1 W A C  systems (e.g., glove box or in-line vault venfition 
systems). Plutonium oxides stored within a Zone 1 system may be vented so that radiolytic 
decomposition will not pressurize the containers. In this section, two sources of oxide are 

4OG. Friedlander, J.W. Kennedy, and J.M. Miller, ~ , John Wiley 
and Sons, Inc., New York (1966). 
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discussed. The first source is plutonium oxide produced by the corrosion of plutonium metal. The 
second is oxide produced from chemical processing, (e.g., by calcination of plutonium oxalate or 
plutonium peroxide precipitates). Each type of oxide has separate properties. Oxides produced by 
the corrosion of metal may contain smaU quantities of metal fines and hydrides, and possibly some 
suboxides, and may gain weight when thermally stabilized. Oxides produced by chemical 
procesSing contain impurities which can be decomposed by radiolytic processes. Decomposition 
products are almost always gases which can pressurize a sealed container. Process oxides lose 
weight during thermal procesSing. The mnaining impurities may consist of moisture, residual 
anions (oxalate, nitrate etc.), and organic materials which have not been completely removed in the 
calcination process. 

The principles of thermal stabilization are well know The pyrophoricity of oxides produced from 
corrosion of plutonium metal has also been investigated41 The basic chemistry and properties of 
these materials are discussed in Section EA. 

The current practices at various DOE sites for storing plutonium metal and oxides wee presented at 
the workshop. A discussion for each site follows: 

m.E. Storage Experience at Individual DOE Facilities 
m.E.1. Rocky Flats Plant 

The Rocky Flats Plant has been the primary source of pyrophoric plutonium incidents in the 
weapons complex, because of the nature of its mission. Plutonium metal casting produces casting 
skulls that are pyrophoric. Machining qf plutonium metal produces metal chips or tumings which 
are pyrophoric and oily. Conveyor lines have been used for plutonium storage. Since plutonium 
pits were the primary plutonium product shipped from Rocky mats, all other plutonium metal was 
considered in-process and was not packaged for long-term storage. The cunent four year 
production outage has focused attention on the need for improved storage because of the change in 
Rocky Flats mission. 

Ignition of pyrophoric forms of plutonium has resulted in several major fires and explosions at 
Rocky Flats since its startup in the mid 1950s. All of these fves have been associated with the 
pyrophoric forms of plutonium such as casting skulls, turnings and metal fines. A major 
explosion in 1964 was a result of an operator mistakenly believing that carbon tetrachloride would 
be a good extinguishing agent for burning plutonium machine tumings. 

A major fire in Building 776-777 in 1969 was promulgated by the ignition of a briquette of 
machine &gs stored on a combustible shielding materiaL The magnitude of the 1%9 fire 
resulted in multiple improvements in fire safety throughout the DOE complex, especially plutonium 

A metal fabrication. The amounts of combustible m'aterials in glove box lines has been mmmued. 
nitrogen atmosphere with up to 5% oxygen has been used at Rocky Flats to prevent enclosure fires 
initiated by ignited plutonium chips. No major fire has occurred in the last 24 years even though 
pyrophoric chips and tumings have ignited on a frequent basis during production. 

. .  . 

Storage of plutonium metal and oxide at Rocky Flats has always been considered tempo . 
with the lid taped has been standard practice. The slip-lid cans are "bagged-out" and tape-sealed in 
larger produce cans if the material was to be stored outside the zone 1 enclosure system. The 
c m t  storage situation at Rocky Flats has plutonium metal and oxide stored in and out of 
enclosure systems. The atmosphere of the enclosum contains approximately 5% oxygen plus 

Thus, the containers have not been sealed as at other sites. Storage in slip-lid stainless s t2? 3 cans 

41J.T. Waber, "Corrosion and Oxidation" in Plutonium Handbook a Guide to the Technology, Vol 
I and II, ed. OJ. Wick (American Nuclear Society, La Grange Park, IL, 1980) Chapter 6. 
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moisture, so that metal corrosion in taped lid cans is a continuing process, The oxide is 
intermittently brushed from the metal and the metal returned to storage. Plans are now being 
implemented to improve the storage of metal and oxide in hermetically sealed containers and the 
overall thermal stabilization of oxide in storage. 

Much of the metal in storage at Rocky Flats is packaged not for longer term storage, but for reuse. 
In some cases, metal is enclosed in plastic, which is then doubly enclosed in metal cans. Previous 
experience has demonstrated that this method of storage results in severe corrosion of the metal 
over time. The corrosion products may contain small quantities of metal fmes, hydrides, and 
pahaps sub-oxides. l’hese are reactive and require thermal stabilization. If the corrosion products 
are not stabilized after removal from the metal, they are considered potentially pyrophoric. In the 
absence of a stabilization capability during the past four years, the practice has been to store no 
more than 200 grams of corrosion product in any single container and to place the container on a 
heat sink equipped with a heat detector head. The bases for this approach are the conservative 
assumptions that, if the material reacts, it will be an instantaneous reaction, and that there is no heat 
transfer mechanism for heat removal. In reality, the oxidation of the corrosion products normally 
occurs at a slow rate with the in-leakage of air and heat transfer mechanisms do exist that, if 
considered, would allow storage of larger quantities of such materials. Rocky Flats has the 
capability to thermally stabilize the products from corrosion of plutonium metal. Rocky Flats has 
believed that’there is a potential problem with storage of these products without stabilization. 

All process oxide stored in sealed containers is calcined to meet loss on ignition (LOU 
requirements. Oxides which do not meet this test are stored in vented containers. Rocky Flats has 
the capability to calcine oxides and to thermally remove adsorbates from process oxides. Some of 
these oxides have not been thermally stabilized and remain in-line in vented containers. 

III.E.2. Los Alamos National Laboratory 

Los Alamos National Laboratory (LANL) has a limited quantity of plutonium which is handled and 
stored as a result of laboratory-scale operations. Continuous laboratory operation has precluded 
production shutdowns common with other facilities such as Rocky Flats, Hanford, and the 
Savannah River Site. Long-term storage has not been a problem and pyrophoric materials have 
been processed as they were produced. 

LANL takes no special precautions for storing or stabilizing oxide produced from the corrosion of 
plutonium metal. They do not consider the corrosion products to be a safety problem. They 
recognize that the oxide product may contain some metal fmes and hydrides, but experimental 
work has shown that these are oxidized rather readily to a stable oxide. They have recognized that 
when oxidized, hydrided, or corroded metal is exposed to an air atmosphere, an exothermic 
reaction may occur. 

Oxide product from chemical processing is usually stored in vented containers, because of the 
difficulty in preparing material which will be stable during storage. The primary concern is that 
plutonium oxide has a high affinity for adsorption of water vapor. Even though the moisture can 
be removed by calcining at high tempera-, it can be re-adsorb during the packaging operations. 
A qualified oxide suitable for storage in a sealed container is defined as a material that has been 
fully characterized, meets the loss on ignition test, and is subsequently handled and packaged in an 
atmosphere which precludes moisture adsorption. 

- 17- 



III.E.3. Hanford 

Plutonium pit fabrication was performed at Hanford until 1966. Problems associated with metal 
turnings and fines were common, althofigh no major fire occurred. Since 1966, plutonium 
operations have been limited to aqueous processing and metal button and oxide production. 
Storage of plutonium metal and oxide has resulted in several bxea:zs of containment causing 
contamination spread within storage vaults. The storage of calcined plutonium nitrate containinf: 
residual nitrate has caused pressurization and rupture of storage cans. Hanford uses food-pack 
cans for metal and oxide storage. Seal failure of food pack cans has required repackaging of 
several metal storage containers every year. 

In the Hanford storage vaults, an automated system for monitoring temperature and pressurization 
is used. Details of this system (the Vault Safety and Inventory System, VSIS) are available 
elsewhere.42 In the VSIS system, vault instrumentation including transducers, sensors, 
multiplexors, analog to digital converters, the communications network, and the SNM storage 
receptacles are collectively referred to as Canister Monitoring Units (CMUs). The CMU m e a s m  
canister presence, bulge, temperature, and identification.43 Pressure data is recorded several times 
per second, while the remaining inventory information is queried at a rate of 600 itedminute. 
The storage pedestals are equipped with strain gauges which detect any significant increase in 
storage weight. 

Although corrosion of plutonium metal is recogruzed, no special procedures are in place to remove 
corrosion products. The corrosion products formed are considered to not be a safety problem. In 
recent years, they have had no problems with containers storing metal. 

The chemical stability of oxide produced from chemical processing is of concern. Hanford has 
specified that the volatile content must be 1% or less from loss on ignition at 450 O C  for 2 hours. 
An additional limit is a maximum thermal decay of 15 watts. Plutonium oxide which has been 
properly stabilized is not considered to be a safety problem while in storage. 

III.E.4. Savan'nah River Site 

Handling of plutonium metal at the Savannah River Site (SRS) has involved primarily metal 
buttons (2 kg) and the scrap associated with metal production. The scrap was immediately recycled 
to the canyon dissolvers to avoid storage problems and also to recycle the plutonium. Storage and 
metal handling problems have not occurred at SRS. 

Although corrosion of plutonium metal is recognized, there are no special procedures in place to 
remove corrosion products. The corrosion products are not considered a safety problem. 

The chemical stability of oxide produced from chemical procesSing is of concern An Lo1 test is 
used for assuring stability of stored oxide. At the SRS, there are a number of containers of 
plutonium residues which were received under the sponsorship of the Central Scrap Management 
office (CSMO). These residues remain in the shipping containers in which they were nxeived. 
SRS assumes that the materials are stable. The materials have not been characterized by SRS. 

42N:J. Downey, "Vault Safety and Inventory System Users Manual," Westinghouse Hanford 
Company, Richland, WA, WHC-SD-339-SDR-004 (December 1989). 

43C.C. Scaief III and N.J. Downey, "Microcomputer and CMU Electronics Equipment Manual," 
Rockwell Hanford Operations, Richland, WA, SD-CP-EQM-009 (January 1986). 
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IILE.5. Argonne National Laboratory 

Argonne National Laboratory has not used plutonium of any magnitude at its facilities near 
Chicago, Illinois. Research and development involving plutonium have been limited to Argonne- 
West at the Idaho National Engineering Laboratory near Idaho Falls, Idaho. The Zero Power 
Physics Reactor (ZPPR) used encapsulated Pu-U-Mo alloy fuel plates which are now in storage. 
No difficulty in handling or storing this material has been encountered. Fuel cycle R&D with 
pyrochemical reprocessing of reactor fuel has utilized plutonium, but not in a form that was 
pyrophoric. Storage of metal and oxide has never been a source of problems. 

Material is stored in an argon atmosphere containing e 50 ppm oxygen and c 50 ppm moisture. 
Inspections are driven by MC&A requirements. Oxide corrosion product from plutonium metal is 
not considered a problem. Powder may be removed from the metal by brushing, however, no 
stabilization is performed. The oxide is not considered a saCety concern. Other oxides are stored 
dry, and no problems with pressurization have been encountered. 

ANL-W uses some special design cans for storage of oxide and metal. They include the Gavin can 
for storage of metal and oxide, and the Duncan container used for storage of fuel. The Gavin can 
consists of two elastomer-sealed vessels nested one inside the other. Three bolts compress the lid 
against the ethylene propylene O-ring which provides a leak-tight seal. The Duncan container is 
essentially a closed pipe with a removable, compression seal. A special end-cap fitting allows leak 
checking of the container and associated welds. 

1II.F. Applicable DOE Orders. 
III.F.l. DOE Order 5480.5 

Current DOE requirements for the storage of plutonium are presented in DOE Order 5480.5, 
SAFETY OF NUCLEAR FACILITIES, 9-23-86. In paragraph 8, &%SIC RECUBEME.2 the 
requirements for all nuclear facilities and operations are specified as are the requirements for 
nuclear criticality safety in paragraphs 11 and 12. 

Paragraph 13 covers the requirements for the safe storage of unirradiated fissionable materials. 
Theses rquirements &ULQJ apply to: 

When materials are in-process as part of production, analytkal and developmental 
procedures (including in-process storage), or transport operations. 

When an assembly cell is used for assembly and/or storage of weapons components 
made of t h q  materials. 

When the number of packages of materials prepared for shipment is limited'in 
accordance with the requirements of DOE 5480.3 ~~~~ 

OUS SUBSTANCES AND HAZARDOUS WASTES). 

I 

P A W G  AND m R T q T I O N  OF HqZBBDoT Js 

Radioactive waste storage or disposal facilities. 
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9he opet.Elting requirements ae given in subparagraph b. 
ae surnmarhd below: 

and 

(1) Non-essential combustible materials shall not be s t o d  in the storage area. 

(2) AU unessential extraneous operations and materials (non-nuclear materials, equipment) 
shall be excluded from the storage m 

(3) Documented periodic inspections,,tests and maintenance shall be perfomed on essen;. . 
safetycomponents (e,g. criticality control, fire detection, radiation monitoring, etc., 

(4) Limits for criticality safety shall be posted in conspicuous places near the storage area. 

(5) Signs or other appropriate devices shall be used at strategic location in or around the 
am to provide instructions for: 

(a) interpretation of, and response to alarms; 
(b) evacuation routes; and, 
(c) fighting files. 

(6) In conjunction with the site emergency plk,  develop a fire fighting plan that includes 
use of emergency equipment and exercise through periodic drills. 

(7) provide equipment (auxiliary fite fighting, self-contained breathing apparatus, and 
protective clothing) for manual fire suppression. 

(8) Excess fissionable materials shall not be construed to be "In-Process" to circumvent the 
requirements of this paragraph. 

(9) Fissionable materials may be stored in shipping containers to enhance safety but not to 
negate the requirements of this paragraph. 

(10) All materials shall be stored in racks or equivalent equipment (such as birdcages) 
capable of securely locating stored materials to prevent displacement, to assure spacing 
control, ana to meet design for safety under operational and d b l e  accident 
conditions. Floor storage within the storage facility will be pemitted only where 
control of location and other safety requirements (equivalent to those of racks) are 
inherently provided by the individual containers and their restraints. 

(1 1) All pyrophoric materials shall be put into a safe fonn prior to storage or stored in 
approved containers that will not pennit spontaneous ignition or dispersal. Other 
dispersible matepals must be stored in approved storage containers. 

(12) Containers SM be marked or coded for type of materiat, amount, enrichment (or 
pertinent data on isotopic composition), and extemal radiation level. Must be securely 
closed. 

I (13) Container design shall be appropriate for fom otmaterial stored. Criteria for 
container integrity shall &developed for required safety analysis and verification of 
performance of container for the criteria by periodic inspection. Containers involving 
any significant gas buildup, automatic p m  relief or other venting should be 
designed to assure that no personnel exposure to any released toxic material will occur 
under nonnd storage conditions or, insofar ag practical, under accident conditions. 
Such venting must not permit spread of contamination. 
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.' 
(14) Plutonium or U-233 bearing or con tamhated m a t e d  shall be packaged in a closed ' ' 

metal container. Combustibles within the container shall be minimized. 

(15) Plutonium storage facilities and containers shall be monitored and checked periodically 
to assure continued integrity of containment. When requited by form or hazard 
potential of the stored material, procedures shall be developed to detect contamination 
or loss of primary containment upon entering the plutonium storage facility. 

(16) Plutonium containers in which gas buildup can occur shall be designed to prewent 
leakage of gas over the maximum storage period or vented to prevent an accumulation 
of explosive gases; however, such venting must not permit the spread of 

I C  . contamination. [Similar to (13)] 

(17) Criteria, such as internal and external corrosion rate for determining & sdability of 
the plutonium container, shall be developed and set forth in writing. All containers 
shallbeperiodicallyinspectedagaiastthecriteria. Thetimebetweeninspectionsmay 
vary depending upon the container quality and type. [Similar ~(1311 

(18) Pcovisions shall be made in a plutonium storage facility to assure necessafy and 
adequate heat removal for plutonium containers as established by the safety 
assessment. 

Additional requirements are specified .. for multipuqose facilities (storage and processing) in 
section c. 7 v: 

I 

definition of in-process m a t e d  shall be established, approved, and 8 .  maintained 
thereafter untilapprovedchanges areaffected. 

shall designirte which materials may be termed "in-process" and which may not. 

promptly placed materiats in excess of in-process requirements into approved storage 
facilities. 

I 

a 

* 

.III.F.Z. DOE Order 5480.3. 

Requirements for packaging and transport of fissionable materials are covered in DOE Order 

HAZARDOUS MATERIALS, HAZARDOUS SUBSTANCES AND HAZARDOUS WASTES, 
5480.3 - SAFETY REQUIREMENTS FOR THE PACKAGING AND TRANSPORT OF 

7-9-85. 

Fissile materials are defined in paragraph 5, DEFINITIONS. as uranium-233, uranium-235, 
plutonium-238, plutonium-239, plutonium-241, neptunium-237, and curium-244. Fissile material 
packages for shipping are divided into three classes: 

m. Packages that may be transported in unlimited numbers'and in any 
arrangement and that quire no nuclear criticality safety controls during transportation. 

. .  

m. Packages that may be transported in any arrangement but in numbers that 
do not exceed a transport index of 50. f l m p o r t  index is defined in subparagraph 0. as 
"The number placed upon a package to designate the degree of control to be exercised by 
the carrier during transport. The transport index of Fissile Class II packages is calculated 
by dividing the number 50 by the number of such Fissile Class II packages that may be 
transported together as determined under the limitations of 10 CFR 71".) 
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. .  Shipments of packages that do not meet the requirements for M e  
Class I or II and that are controlled in transportation by special arrangements between the 
shipper and the carrier to provide criticality safety. 

Most of the stored materials considered in this report fall in Fissile Class m. 
Requirements are specified in paragraph 7, -. Requirements for plutonium are 
covered in subparagraph b, 
Waste. The first 2 items c o n n d  packages. Item (3) states 
"Plutonium package requirements for any surface mode of transportation". 

for P l m  

(a) Plutonium in excess of 20 Curies per package must be shipped as a solid. 

(b) Plutonium in excess of 20 Curies per package must be packaged in a separate inner 
container placed within outer packaging that meets the requirements of a Type B package 
for material in normal form. In addition, the following test must be performed on the 
package design: 

(1) If the entire package is subjected to the design tests specified in paragraph 11, 
"Normal Conditions of Transport," the separate inner container must restrict 
the loss of plutonium to no more than 106 A2/hour. 

(2) If thk entire package is subjected to the design tests specified in paragraph 12, 
"Hypothetical Accident Conditions," the separate inner container must restrict 
the loss of plutonium to not more than the A, quantity in 1 week 

R The A, and A, values for plutonium isotopes are excepted from Table 2 (IAEA, 1990) below: 

Table 2. A1 and A2 values for radionuclides. 

Symbol of Elementandatomic A1(13S) AI (Ci) Az(l3q) A2 (Ci) 
radionuclit3e number ( a P P  X.P (aPl.U0XJb 
236Pu Plutonium (94) 7 100 7x104 1x10-2 
237Pu 20 500 20 500 
238Pu 2 50 2x104 5 ~ 1 6 ~  

2 50 2x104 5x1Q3 239Pu 
240Pu 2 50 2xlW 5x103 
241Pu 40 1,000 1x 1 0 2  2x10.' 
242Pu 2 50 2x104 5x10-3 
24% (b) 0.3 8 2x104 5 ~ 1 6 ~  

Paragraph 7b(4) states "Solid plutonium in excess of 20 Curies per package in the following forms 
is not subject to the requirements of paragraph 7b(3). Item (b) is Metal or metal alloy. 

Other relevant paragraph for outer packages are: 
Paragraph 8. PACKAGE STANRAERS. 
Paragraph 11. N O W  (IO-ONS OF TRAIQPOU 
Paragraph 12. ACmENT CO- 
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IV. Advanced Storage Concepts 

N.A.  Containers 

A definite improvement in the use of c m n t  sliplidfood pack cans to store plutonium metal could be 
obtained by eliminating ait from the package atmosphere. This could be accomplished by packaging 
the metal in helium followed by routine leak testing before and during storage. A true hermetic seal, 
either in a metal gasket-sealed vessel or an all welded vessel would provide extra assurance in 
packaging. Additional confidence is gained from the fact metal has been stored in sealed pits for more 
than 30 years in the stockpile Without incident. Optimally, the gasket-sealed vessel would be QA- 
certified and leak-tested prior to use, whereas the all-welded vessels would be leak-test certified after 
final sealing. Also, the optimum atmosphere in the storage container should be a mixture of helium 
with a mildly oxidizing gas, but dry or any inert fill would be suitable if hermetic sealing is assured. 

LANL is currently devylop&g a hermetically sealed package for retrievable storage of metal which 
allows storage in a dry inert atmosphere and prevents corrosion for both short duration and long 
periods of time (10 years or more). Figures 3 and 4 show the concepts for these containers. The 
principal difference between these concepts is the exclusion of organic bagging from the long-term 
container. Implementation of this concept (figure 4) will require development of specialized packaging 
and handling procedures which might include bagless transfer or decontamination techniques. 

As With metal, if the use of a hermetic container. such as a fully welded vessel or a metal gasket-sealed 
container is contemplated for storage of oxide, consideration must be given to quan-g the amount 
of residual water left on the oxide, (e.g. certified LO1 evaluations) so that the container is able to 
accommodate the maximum possible pressure accumulation due to desorption or radiolysis. 
Alternative approaches for storing uncharacterized oxide include the use of sealed storage cans with 
metal frit filters which would allow for atmospheric pressure equilibration. Such frits have been used 
for prevention of contamination migration in various weapons program applications in the past. Since 
substoichiometric oxide or meacted metal may be present in uncharacterkd oxide, thermal 
stabilization is recommended to ensure that the material is completely converted to the dioxide. 
Conversions of this type may be accomplished by roasting at modest temperatures (300 to 500 "C) in 
air. If other plutonium compounds (e.& nitrates or sulfates) axe present, higher temperahues may be 
necessary. 

LANL is also developing new containers for the storage of oxide. For stabilized, unqualified oxide, 
they are developing a vented container to allow for release of gases from radiolytic decomposition. 
Figure 5 shows the concept for this container. For stabilized, qualified oxide, LANL is developing a 
sealed container in which the oxide is stored in an inert atmosphere. Figure 6 shows a concept for this 
vessel. As with the long-term metal storage container, bagless transfer or other specialized handling 
will be required to implement this concept. 

Additional improvements allow for improved labeling of vault stored items, including internal 
packaging details, and appropriately integrated surveillance and inspections to satisfy not only MC&A, 
but also container integrity and contamination detection. For long-term (> 5 yrs.) storage scenarios, 
only fully stabilized and loss-on-ignition qualified oxide should be stored and use of hermetically 
sealed containers is rezommended. At present, most contractors storing metal and oxide rely on 
routine MC&A-based inspection and audits to provide integrity assurance of vault items. In addition, 
Zone 2 type rooms such as storage vaults receive routine health physics surveys for contaminations. 
In combination, these provide a reasonable minimum surveillance activity. Balanced MC&A 
surveillance, including weight measurements, automated room contamination monitoring, and random 
visual and perhaps radiographic package inspections are considered the optimum oversight of these 
items. 
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All containers 6" maximum diameter, 12" maximum height, packaged 111 inert 
atmosphere. 

Welded Can 

Figure 3. Plutonium metal storage 
container, short-term duration. 

Figure 4. Plutonium metal storage 
container, intermediate to long-term 
duration. 

e Welded Can- 

Figure 5. Storage container for 
stabilized, unqualified oxide, short-term 
duration. 
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Oxide in Slip 
Lid Can 

Figure 6. Storage container for 
quRlified oxide, short-term, 
intermediate, and long-term duration. 



The quantity of material stored in each individual container will be determined by criticality safety 
concerns. Historically, these limits have varied from an extremely conservative 3 kilograms to as 
much as 6 kilograms of Pu metal per vessel. Similar quantities of oxide will likely be permitted 
per container. Recent limits near 4.5 kilograms per container have been established. 

1V.B. Material Forin 

In the absence of a facility fire hazard, the dominant hazard from storage of plutonium arises from 
the dispersibility of the oxide powder. Some concepts are discussed below for reducing this 
potential hazard. They include converting the oxide to a stable physical form with low dispersibility 
and preventing its generation from the metal. The benefits of these concepts would need to be 
weighed against the costs of implementing them, including the potentially large doses to workers 
and large amounts of generated wastes resulting from processing to various forms. 

IV.B.l. Pelletizing 

Plutonium oxide can be converted into a mechanically stable form with reduced dispersibility by 
sintering it into a ceramic form(e.g., pellets) under pressure. Oxide powder is vacuum degassed, 
milled or ground to the appropriate particle size, placed in a die, and simultaneously compressed 
and heated at 50-60 kpsi at 1,500 O C  for an appropriate period of time.44 The resulting pellets are 
packaged in a hermetically sealed container under an atmosphere of inert gas or dry air. 

Storage of sintered pellets in hermetically sealed containers would ensure their long-term stability. 
However, data for n8Pu oxide indicate that degradation of the pellets may occur with time as a 
result of helium production from alpha decay.45 The oxide pellets were found to swell and 
become somewhat friable and, under some circumstances, were highly strained. Though the 
helium production rate in weapons grade plutonium is lower than.that for DSPu by a factor of 
nearly 300 because of the difference in decay rates, the significance of this effect to long-term 
storage of the sintered material would need to be assessed. 

Sintered pellets may fragment under crush-impact forces when new and may become more . 
susceptible to fragmentation with age. Accordingly, they might q u i r e  protection from forces 
present during collapse of a storage facility. Issues of through-put, waste generation and 
personnel exposure to radiation must be considered and weighed against the advantage of 
pelletizing. Pressing is a time-consuming operation and pelletizing of a large quantity of oxide may 
not be achievable on a reasonable time scale without investment in facilities and equipment The 
existing capability for converting plutonium oxide to sintered pellets at DOE facilities is described 
along with process conditions and equipment requirements in Appendix B. 

IV.B.2. Sintering 

As discussed in Section ILG, calcining of oxide powder at a temperature of 950-1,OOO OC for one 
hour affords certain advantages for mitigating the dispersal risk. In addition to increasing the 
effective dimension of oxide particles, ermal processing of this type simultaneously removes 
adsorbates. As such, the risk and deg 2 of potential pressurization is reduced and the 

I 

I 
i 
I 

- , .  . I 

44R.N.R Mulford and B.A. Mueller, "Measurements of Helium Release from Materials 
Containing 238Pu02," US DOE Report, Los Alamos, NM, LA-5215 (July 1973). 

45B.A. Mueller, D.D. Rohr, and R.N.R. Mulford, "Helium Release and Microstructural Changes 
in ~8PuO2," US DOE Report, LOS A~~UIIOS, NM, LA-5524 (April 1974). 
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qualifications for certification are met. Equipment and basic techniques currently used for 
calcination at lower tempemtuxes can normally be used up to 1100-1200 O C  and could be readily 
implemented at most facilities with minimal development effort. 

N.B.3. Reduction of Oxide to Metal 

Plutonium oxide can also be converted to a mechanically stable form with reduced dispersibility by 
reduction to the metal, The conditions and equipment for direct oxide reduction @OR) are widely 
available and capable of handling necessary throughput. 

In comparison to nonnal process oxide, the dispersibility risk is low if metal is exposed to the 
atmosphere by a breach of containment or if the incident involves both a breach and a fire. 
Experience with typical (4 kg, 7 cm diameter) castings of unalloyed metal shows that less than 
100 g of oxide forms over a period of one year. The maximum oxidation rate calculated on the 
basis of this observation is 1x10-4 g PuO& Pu day. At this rate, the amount of dispersible oxide 
available after exposure of a 4-kilogram casting to air for ten days is a thousand-fold less than for 
process oxide and is equal to the dispersible quautity formed if the casting had burned immediately 
in a fue. 

The reduction in dispersibility risk by fonnation of metal is substantial, but the disadvantages of 
worker radiation exposure and waste generation during processing must also be considered. 

IV.B.4. Alloying or Coating of Plutonium Metal to Reduce Corrosion 

Addition of certain elements to metallic plutonium can alter the room-temp- corrosion rate. 
Gallium-containing alloys show a reduced corrosion rate at t emperam below 250 O C  (Section 
II.A.). However, the corrosion rates of alloyed and unalloy@ material converge at elevated 
temperatures. Addition of other elements can increase the plutonium ignition temperature slightly. 
For example, plutonium-aluminum alloys show an ignition temperature in the range of 575- 
600 OC, compared to 475-500 O C  for unalloyed material.46 The advantages of alloying plutonium 
to either slightly decrease the low-temperam corrosion behavior or to slightly increase the ignition 
temperature must be careMy considered. Other methods may be available to mitigate corrosion 
problems such as storing plutonium in certified, sealed containers. 

Coating plutonium with various mate& has been investigated to mitigate dispersal and corrosion 
hazards. If great care is taken, pinhole-fm nickel coatings obtained by chemical vapor deposition 
of nickel tetracarbony1 can be prepared. Attempts to prepare similar, defect-- coatings with 
other elements have been largely unsuccessful. Further, routine preparation of acceptable nickel 
coatings has thus far proven difficult. There is no current capability to produce coatings of 
neceSSary quality within the DOE complex. 

n7.C. Complex41 Criteria 

Efforts under way to evaluate storage needs for Complex-21 storage of plutonium metal and oxide 
are systems-level oriented. Material characterization, qualification, containerization, facility 
superstructure, and infrastructure considerations are integrated. The storage facility, to be co- 
located with the plutonium manufacturing and processing facility, is conceptually designed to 
accommodate items which would be remotely placed and accessed by means of unmanned 

46J.G. Schnizlein and D.F. Fischer, J. Electrochem. Soc., 115 (1968) 462. 
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vehicles. This building would accept plutonium in the form of pits, metal, oxide, and stable 
compounds. The Complex-21 facility is intended to store plutonium forms in a stable manner for 
up to 50 years. Interim storage by contractors must address periods of at least 7 to 15 years, the 
time-frame between now and when Complex-21 is prepared to accept these materials. 

Currently, the plutonium storage facility is expected to become operational in 2001. The storage 
facility is envisioned to initially contain 40,000 storage positions, with a capability to receive 6,000 
pits and 1,OOO other containers per year. The initial shipping capability is estimated to be 1,000 
containers per year with the provision to convert receiving to shipping capacity at a later date. 

Requirements for Complex-21 structure, containment, material, packaging, and automation are 
summarized below. 

General requirements: 

Storage container is designed for dual use as a primary containment vessel for both shipping 
and long-term storage. 

Structural requirements: 

Vessel meets the requirements of the ASh4E Boiler and Pressure Vessel Code as specified by 
UCID-21218, NUREG/CR-3019 and NUREG/CR-3854 

Vessel capable of opening without damage to or expelling of inner contents. 

Vessel capable of welding closure without damage to inner contents. 

Vessel capable of being reused after being opened one time. 

Resealed vessel identical in size to original vessel within original fabrication tolerances. 

Minimum design life of 50 years with no routine maintenance. 

Vessel fabricated of material to provide a corrosion mistant containment boundary. 

Vessel meets storage requirements after the following normal occunences: 

- 4' drop - 2' crush with primary containment vessels interacting (heaviest vessel interaction) - vehicle vibration 

- compression weight of 5 primary containment vessels 
- handling shock 

Vessel remains leak tight as defined by ANSI N14.5 after the following one time occurrences: 

- 30' free drop (maximum vault ceiling height) - 30' crush with primary containment vessels interacting (heaviest vessel interaction) - vehicle crash as defrned in safety analysis report (SARP) - puncture as described in safety analysis report (SARP) 
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Containment Requirements: . 

Provisions provided for purge and backfill. 

z ' .  

Vessel can be resealed to original integrity after gas sampling operation is complete. 

Nondestructive examination of &ed vessel is possible to dwrrnine integrity of resealed 
vessel. 

*.sealed v k l  tests leak tight as defined by ANSI N14.5, 

Design Temperatures and Pressures: . 1  

Oxidelmetal container currently designed for 1,ooO psig internal at 204 OC for long-term 
storage. An intemal design pressure of 50 psig at 204 O C  is to k used for testing and 
certification as a primary containment vessel for shipping. 

Pit container designed for 100 psig internal pressure at 204 OC for long-term storage. An 
intemal'design presswe of 15 psig at 204 O C  is to be used for testing and certification as a 

oxiQ/metal container and pit container designed for 25 psig ate@ pressure for shipping 
primary containment vessel for shipping. . . .  , ,  

and storage. 

Dimensional Requirements: 

The pitcontainer meets the following dimensional nxphments: 

- Minimum internal height of 18.5" . 
. ,. - Maximum external height of 23" for assembled stoxage package 

t- .The oxiddmetal container meets the following dimensional requirements (based on single 

- Minimum ID. of 13" 

containment): 

- Maximum LD. of 5-1/4" - Maximum OD. Of 6" - Maximum external height of 17" for vessel as a shipping container 
: Maximum external height of 23" for assembled storage package 

All exterior &a& of the vessel shall be equal to or better than a number 4 mill finish. 

Packing Requirements: 

All packing materials non combustible per NFPA. 

.All packing materials non organic. 

Steady state storage temperatmi! of pit surface not to ex& 60 OC. 

Vessel loaded with an internal atmosphere to be specified 

oxide/metal container capable of holding 4.5 kg of Pu as oxide with 25 liters of free volume. 
FE volume includes space interior to oxide container. 
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Vessel meets requirements of 10 CFR 71,49 CFR 173, and DOE 5480.3. 

Vessel provided with al l  welded closuxes and ports. 

Automation Requirements: 

Container design compatible with automatic handling equipment 

Bar code for identification and accountability placed on container for remote handling by 

Bar code permanent (Le., life expectancy of 50 years). 

Surface of container uniform in color except for vision targets. 

Vision targets have a permanent high contrast color relative to container. 

Accessibility provided for in situ material control and accountability (MC&A) m m e a t s .  
i Self locating interfaces for mating parts. 

Mhimize alignment and orientation constmu ' ts for assembly interfaces. 

robot or automatic guided vehicle. 

As of this time, 23% will be excluded from the storage facility. The presence of 23% would 
require water in the vault  am^ HOWCW, water is m t l y  excluded because of criticality safety 
concerns. 

Because of the vault design concept, all primary containers will qualify for dual use in storage and 
shipping, and will provide for d k t  NDA measurements. This degree of spechkation will almost 
certainly mean that materials and containers cumntly e&hg in the complex will not meet the 
acceptance Criteria and will likely require repa&@ng before shipment to the Complex-21 facility. 
This requirement could Tesult in costly duplication of extensive repackaging facilities at each of the 
contractor sites. It may be more cast effective to establish the W repackaging capability at the 
ultimate storage site and only require individual cbntractors to package to the minimum standards 
required for shipment to the Complex 21 facility. 

The present concept requires drat materials be seabilized, charactenzed ,andcertified@orto . 
acceptance at the storage facility, and oxidtdmetal be packaged in an inner container devoid of 
plastics, elastomen, tape, etc., and hexmetidy sealed in a primary containment vessel by the 
shipper. The packaging will be suitable for direct vault-location storage of the primary container 
and will fully meet pmsm vessel design r e q h e n t s  per American Society of Mechanical 
Engineers Boiler & Presswe Vessel Code, Sec. ID. 
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V. Hazard Analysis I 

A comprehensive hazard analysis is essential to ensure that all significant safety issues are 
addressed. Indeed, recent workshops sponsored by DP and this report itself are intended to 
identify any potential safety issues which are not addressed in DOE DP storage operations. Thi 
section presents a brief hazards analysis that attempts to bound t!x f r ~ m  pistiices used 
throughout the DOE weapons complex. In general, conclusions are presented in this section 
regarding the severity and probability of various hazards while accompanying relevant calcula:. s 
may be found in appendices to this report. Much of the material contained in this chapter expa s 
upon information presented in Section II of this report. This duplication arises from the d e s k  3 
emphasize those material properties of Pu and Pu& which are important in a credible hazard( 
analysis. 

V.A. Hazard Identification 

The scope of this analysis is limited to storage of plutonium metal and plutonium oxide. Each of 
these materials falls into two general categories. For metals, a basic distinction is whether the 
material is alloyed or not. Certain alloys (such as Pu-rich gallium material) exhibit markedly 
Werent corrosion behavior at room temperature when compared to unalloyed, a-phase material 
(though corrosion of all common alloys converges to the same rate at elevated temperatures). As 
such, the chemical reactivity of metallic fonns is dependent on chemical composition. However, 
most other relevant physical properties are similar for metallic forms of plutonium, including 
densities, suface areas, melting points, etc. 

For oxides, the most basic distinction is whether the oxide is relatively free of adsorbed species or 
has adsorbates that might radiolytically, chemically, or thermally decompose and thus generate 
reactive, corrosive, or pressure-generating species. In addition, the composition of the oxide may 
present a hazard ifsubstoichiometric material or I;nreacted anions (nitrate, oxalate, etc.) are 
present. The presence of such mateIial is largely dependent on the process and storage history of 
the oxide. As outlined in Section II, certain physical properties of plutonium oxide are highly 
variable and depend on the particular conditions in which it was made. The surface area and 
particle size distribution of oxide (physical properties which directly influence the radiolytic 
reactivity and dispersibility of the material) are strongly dependent on the formation technique. In 
general, two categories of oxide are cited 1) "certified" or "qualified" oxide in which the recent 
process condition and storage history are known or losssn-ignition standards satisfied and the 
presence of foreign contaminants (adsorbates, anions) has been minimized and quantified; and 
2) "uncharacterized oxide in which the above conditions are not met. The majority of oxide 
possessed by the complex is uncharacterizd. Conversion of material to "certified oxide 
frequently involves a calcination process in which material is exposed to an oxidizing environment 
at elevated temperatures (e.g., bakeout at 1,OOO OC for 1 hour in air, see Section II). 

The spectrum of storage conditions and the severity of the storage environment can be 
characterized by three factors: (1) the material form, (2) the preparation and certification of the 
form for storage, and (3) the storage container, packaging, and environment. 

For metal, the primary concern centers on corrosion reactions with gases such as oxygen and 
hydrogen. Potential hazards from such corrosion include ignition of the material in an oxidizing 
environment, formation of dispersible andor pyrophoric products, and mechanical breach of a 
storage container as a result of volumetric expansion during reaction. Note that gas-phase 
pressurization of the storage environment is not a credible hazard since the stored metal itself 
serves to getter any potential pressurizing species. An additional potential concern in metal storage 
involves the reaction of molten plutonium with the storage container itself. The products of the 
reaction between Pu and container materials such as Fe or Ni are low melting compounds (e.g., 
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pud;e) or eutectics. However, the formation of these compounds appears to be controlled by 
other factors such as the reduced temperam at the molten Wmetal interface or the absence of 
other necessary elements which prevents eutectic formation. Further, at lower temperatuns (and 
during ambient storage), these eutectic formation reactions are not considered a hazard since the 
rates are extremely slow as a consequence of the limited solidsolid diffusion berween the reacting 
materials. As such, the possibility of container breach due to eutectic formation is considered 
negligible; 

For storage of oxide, corrosion is a lesser concern; but radiolysis, chemical reaction, or desorption 
of adsorbates (e.g., water) and radiolytic decay of organic materials (e.g., plastic bagging, sealing 
tape, or elastomer O-rings) could lead to pressurization and rupture of the storage container. 
Further, the products of these reactions may be corrosive to the storage container itself which could 
lead to a loss of container integrity. Release of oxide to the ambient environment is of particular 
concern because process oxides (e.g., those formed by calcination of oxalates) are extremely fine 
powders with a high propensity for dispersal. 

Certain hazards are common to both storage forms. For example, loss of containment due to 
mechanical breach (as a result of a fall, earthquake, tornado, etc.) is nearly independent of the 
storage form. However, subsequent dispersion of material is strongly dependent on characteristics 
such as the particle size distribution Other hazards include loss of containment and dispersal of 
material in a fm, the presence of ionizing radiation and the associated exposure of personnel, the 
remote possibility but serious consequence of a criticality incident, and numerous accident 
scenarios which result in plutonium dispersal. beach case (except for personnel exposure), the 
ultimate concern is the potential release of nuclear material into the environment. All of the 
specifically identified phenomena above at.le considered hazards because of the potential for 

The sections that follow present a semiquantitative analysis of numerous hazards identified in 
plutonium storage. An initial overview of fundamental hazards associated with material form is 
followed by a definition of material at risk (MAR) and a summary of plutonium dispersal hazard 
from several possible abnormal events. 

plutonium release. 

V.B. Fundamental Hazards Associated with Material Form 
V.B.l. Chemical Reactivity 

Chemical reactivity is often the preeminent (and only) issue considered in evaluating the suitabfity 
of a material for storage.47 An assessment of reactivity for a material must consider both 
thermodynamic and kinetic c o n m  in the specific storage environment. Plutonium oxide is the 
most stable form of plutonium in ait and other oxygen-rich mediaa Metal and all other 
plutonium-containing compounds except fluorides (PuF3, PuF4 and m 6 )  are unstable relative to 
oxide in air. Even under stringently inert conditions, the surfaces of all candidate materials are 
covered by oxide films. Although Pu@ is more stable than other potential storage forms and is 
considered to be the equilibrium oxide phase in air, lllecent results for the reaction of water vapor 
indicate the presence of a thermodynamically-favoally-favored, higher valent oxide, a mixed-valent 
compound with the Pu(IV)J?u(VI)O11 composition ( P U O ~ , ~ ) . ~ ~  

47J.L. Stakebake, J. Nucl. Mat. 38 (1971) 241. 

4SC.A. Colmenares, dog. Solid State Chem. 9 (1984) 257. 

49J. L. Stakebake, D.T. Larson, and J.M. Haschke, J. Alloys Comp., manuscript submitted for 
publication, LA-UR-93-OO40 (1993). 
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Oxidation reactions of candidate storagk forms exhibit a broad spectrum of kinetic behavior. 
Plutonium metal > 0.5 mm thick reacts slowly with oxygen and is routinely handled in air without 
risk of rapid reaction. Spontaneous ignition is only observed if the metal is in a finely divided 
(e 0.2 mm thick) state and if the temperature also exceeds 150 OC.% In comparison, plutonium 
hydride is pyrophoric and mts violently upon exposure to air at room temperature.51 Nitride and 
carbide also spontaneously react with air and moisture.52 Chemical reactivities of alloys are 
difficult to evaluate because information on most alloy oxidation kinetics is unknown. A 
particularly important reaction of oxide and oxide-coated materials is the rapid and tenacious 
sorption of water from the atmosphere;53 several monolayers of water remain irreversibly bound at 
100 OC in high vacuum.54*55*56 

Several reactions of plutonium and its compounds are of interest because of their potential safety 
impact. Loss of containment may occur with oxide powders during a fire or extended storage due 
to generation of high pressures from adsorbed spe~ies.'~ These and other pressurization processes 
axe discussed in Section V.B.4. Plutonium metal provides a measure of inherent protection from 
pressurization because of its ability to g e m  reactive surface species without forming secondary 
gases such as H2, N2 or C2H2. 

V.B.2. Radiolytic Reactivity 

Radioactive decay of plutonium alters the chemical behavior and makeup of molecular and organic 
compounds in a storage vessel and may alter the stored material or lead to loss of containment.58 
Radiolytic chemistry is Muenced by particle dimension as well as isotopic composition and age of 
the plutonium. Powdered samples erpit a larger fraction of the 5.1 MeV alpha decay particles than 
do bulk forms. As such, radiolytic reactivity fiom U9Pu is enhanced in finely divided forms 

, 

5OJ.L. Stakebake, "Plutonium Pyrophoricity," EG&G Rocky Flats Division Report, Golden, CO, 
RFP-4517 (June 1992). 

51J.M. Haschke, "Actinide Hydrides," in ToDics in f-Element Chemistry: Svnthes is of Lanthanide 
and Actinide Compounds Volume II, Chapter 1, G. Meyer and L.R Morass eds., KIuwer 
Academic Publishers, Dordrecht, Netherlands (1991). 

(1979). 
52J.M. Cleveland, of P l m  * , American Nuclear Society, La Grange Park, IL 

53J.D. Moseley and RO. Wing, "Properties of Plutonium Dioxide," Dow Chemical Company 
Report, Golden, CO, RFP-503 (August 1965). 

54J.L. Stakebake and M.R Dringman, "Hygroscopicity of Plutonium Dioxide," Dow Chemical 
Company Report, Golden, CO, RFP-1056 (January 1968). 

55J.L. Stakebake and L.M. Steward, J. Colloid Interface Sci. 42 (1973) 581. 

56J.L. Stakebake, J. Nucl. Mat. 38 (1971) 241. 

57H.H. Van Tuyl, "Packaging of Plutonium for Storage or Shipment," Internal Report, Pacific 
Northwest Laboratory, Richland, WA (March 1981). 

58H.H. Van Tuyl, "Packaging of Plutonium for Storage or Shipment," 1981, ibid. 
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compared to bulk samples . Because the high surface area of finely divided plutonium oxide 
promotes adsorption of large amounts of water, organic molecules, etc., alpha particles from 
radioactive decay have ample opportunity to interact with adsorbed species in the storage 
environment. The presence of adsorbates is not limited to fine powders: adsorption is observed for 
all candidate materiais because of ready formation of surface oxide. However, the quantity of 
adsorbate on massive samples such as alloys or metal is small compared to PUR and other finely 
divided forms. Dioxide products with specific surface areas in excess of 50 m2/g are 
common?9s~ When exposed to ambient glove box atmosphere for several hours, the mass of a 
typical oxide sample may increase by more than '1 % due to water adsorption.61 

Interaction of alpha particles with adsorbed species, organic materials (e.g., plastics), or gases in 
contact with the nuclear material leads to cleavage of chemical bonds and formation of gaseous 
products.62s63964 Low-molecular-weight species (e.g. 0 2  and N2) primarily dissociate to form 
gaseous products (e.g., NO$, while heavier molecules tend to polymerize. Radiolysis of water 
generates hydrogen and oxygen;65*66 alpha interaction with air produces large percentages of 
dinitrogen monoxide(N20) and nitrogen dioxide (NQ9.67 Products formed by radiolysis of 
plastics and other organic materials depend on the chemical composition of the source materials and 
typically include hydrogen.68 Radiolytic decomposition of polyvinyl chloride (PVC) apparently 
forms gaseous hydrogen chloride (HCl). 

59J.D. Moseley and RO. Wing, "mperties of Plutonium Dioxide," 1965, ibid. 

6OJ.L. Stakebake, J. Catalysis 78 (1982) 477. 

61J.D. Moseley and RO. Wing, "Properties of Plutonium Dioxide," 1965, ibid. 

62H.H. Van Tuyl, "Packaging of Plutonium for Storage or Shipment," 1981, ibid. 

63A.R Kazanjian, P.M. Arnold, W.C. Simmons, and E.L. D'Amico, "Gas Generation Results 
and Venting Study for TransUranc Waste Drums," Rocky Flats Report RFP-3739, September 
23,1985 (unclassified). 

a4D.K. Roggenthen, T.L. McFeeters, and R.G. Nieweg, "Waste Drum Gas Generation Sampling 

65J.M. Haschke, et al, "The Reaction of Plutonium with Watec Kinetics and Equilibrium Behavior 

66J.M. Haschke, "Hydrolysis of Plutonium: the Plutonium Oxygen Phase Diagram," in 

Program at Rocky Flats," Rocky Hats Report PSD88-037, March 1989 (unclassified). 

of Binary and Ternary Phases in the Pu+O+H System," 1983, ibid. 

L.R Moss and J. Fuger eds., American Nuclear 
Society, Washington D.C. (1992), chapter 40. 

Analytical Method (U)," Rockwell International Report, Golden, CO, CD88-2388 (April 1988) 
67D.R Horrell, R.E. Schlupp, J.M. Haschke, and J.R. Wiley, "A Study of Air in Pits: an 

(SmD) .  

and Sons, Inc., New York (1966). 
68G. Friedlander, J.W. Kennedy, and J.M. Miller, Udear , John Wiley 
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Radiolytic decomposition of molecular and organic species in a storage vessel m y  have severe 
consequences. Gaseous radiolysis products will either react with the stod material and/or the 
storage vessel or will lead to pressurization. The risks associated with low-surface-area samples of 
metal or alloy are different from those encounted with fmelydivided compounds. The low 
surface area of massive samples limits the quantity of adsorbate in the storage vessel. Further, 
gettering of hydrogen by plutonium metal reduces risk of container uressuization and container 
cornsion (though pyrophoric hydride is produced). Plutonium readily nzacts with HCl and N& 
and thus getrers these materials as well. Non-metallic powders such as oxide nearly always canry 
large amounts of adsorbates. These mate% typically cannot react with radiolytic gases (e.g., H2) 
cr exckge  oze gas for ano+kr(e.g., reaction of PUN with & yielding N2). Mineral acids 
formed by radiolytic generation of HC1 or N@ in the presence of moistwe may result in container 
corrosion. 

In sum, the magnitude of radiolytic effects is influenced by two. important properties of the material 
to be stored: the specific surface area (and the associated quantity of adsorbates), and the ability of 
the material to getter radiolytic products. In both cases, plutonium metal and alloys are expected to 
have considerably fewer problems with radiolytic phenomena than more finely divided Pu forms. 

V.B.3. Helium Release. 

Helium formed by alpha decay of 23% and other isotopes provides an additional source for 
pressure generation during storage. Although the process is slow (tm = 2.4 x 104 years), the 
quantity of helium may become significant if the storage period is long and the fraction of helium 
released by the solid phase is large. The release behavior of massive metal differs from that of 
oxide because the diffusion rate of helium in metal is relatively slow, and hence, helium is only 
able to escape from the near-surface region of the solid. By contrast, diffusion of helium in oxide 
is comparatively rapid and the small particle dimensions allow ready release of all helium created 
by alpha decay. Expeximental data for both UsPu and 23% show that helium is readily released 
from oxide69970 but is rgtaiued as microscopic bubbles at grain boundaries in Pu metal.71 

Calculations based on the alpha decay rate and helium release kinetics of metal and oxide show that 
helium pressut.es slightly m t e r  than one atmosphere are anticipated for oxide in a typical storage 
configuration after 100 years.72 By comparison, the pressure rise expected for storage of an 
equivalent amount of metal is approximately 0.001 ,atmosphere. Although the helium release 
behavior of massive alloys and non-metallic powders is expected to p.araUel those of the metal and 
oxide, experimental data axe not available. 

%.N.R. Mulford and B.A Mueller, "Measmments of Helium Release from Materials 
Containing =8Pu@," US DOE Report, Los Alamos, NM, LA-5215 (July 1973). 

7%.A. Mueller, D.D. Rohr, and RN.R. Mulford, "Helium Release and Microsmctural Chanp-s 

71M.F. Stevens, T.G. Zocco, and J.H. Steele, "Bubble-Void Foxmation LI Xita Phase Plutonium 

72J.C. Martz, "Analysis of Plutonium Storage Pressure Rise," US DOE Report, Los Alamos, 

in 28Pu@," US DOE Report, LOS A m o s ,  NM, LA-5524 (April 1974). 

0," US DOE Report, LOS A ~ ~ I I I O S ,  NM, MST-5-88-9 (August 25,1988) (S/RD). 

NM, NMT-592-328 (July 1992). 
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V.B.4. Container Pressurization. 

The potential for pressurization of storage containers is a serious Concern. As outlined in 
preceding sections, processes such as chemical reaction, radiolytic decomposition, and alpha decay 
may produce substantial gas pressure in a container. Concern is greatest for storage of oxide and 
other finely-divided forms because of their high surface areas and inability to getter gaseous 
species. Although the rate is likely slow at the storage temperature, chemical reaction of Pu02 with 
adsorbed water (to form higher-stoichiometry oxides) also produces hydrogen.73 For example, 
an H2 pressure that might be generated in a typical oxide storage configuration ( 3 kg of Pu02 with 
a specific surface area of 5 m2/g and a single monolayer of adsorbed water in a vessel with 1.5 liter 
of free volume) is 3.7 atmospheres at 25 OC. Signifcant, larger pressures of 02/H2 mixtures are 
produced if H20 radiolysis is the dominant process. As with helium generation, these reactions 
become increasingly important with time. Another pressure generation process, thermal desorption 
of water at high temperatures created by a fire or self-heating, is capable of rapidly generating 
excessively high pressm.74 This specific mechanism has caused several notable failures of 
plutonium storage containers.75 

Risk of pressurization also exists for storage of plutonium metal and alloys? Even an extremely 
small leak in a container can lead to extensive oxidation of stored metal. This process is enhanced 
by fluctuations in atmospheric pressure. Oxidation of metal or alloys leads to volumetric 
expansion of the material. The forces associated with this expansion could (and have) ruptured a 
storage container. A recent failure of a storage container holding a kilogram-size ingot of Pu metal 
has been attributed to this mechan2m.n 

Appendix C presents dalculations which quanti@ the degree of pressurization in the storage of ' 
qualified and uncharactercized material. These calculations are worst-case estimates which should 
bound the pressurjzation which might occur. 

V.B.5. Airborne Release of Plutonium. 

Release of plutonium-containing materials to the environment is a serious potential hazard. The 
two most likely situations that may lead to release are mechanical breach of a storage container and 
exposure to a fue. These and other scenarios are addressed in more detail in subsequent parts of 
this section. Once plutonium has been released to the environment, further spread of material is of 
prime concern. As such, the dispersal risks associated with various forms are directly related to 
the particle size and form of the material.78 

735. L. Stakebake, D.T. Larson, and J.M. Haschke, J. Alloys Comp., manuscript submitted for 
publication, LA-UR-93-Oo40 (1993), ibid. 

74H.H. Van Tuyl, "Packaging of Plutonium for Storage or Shipment," 1981, ibid. 

75J.M. Haschke and J.C. Mar&, "Metal-Oxide Chemistry and Storage," presentation to the DOE 
workshop on plutonium storage, LA-CP-93-159, Albuquerque, NM (May 26,1993). 

76J.Lowe, private communication, Atomic Weapons Establishment, Aldermaston, UK (December 

77J.M. Haschke and J.C. Maru, "Metal-Oxide Chemistry and Storage," 1993, ibid. 

78J.M. Haschke, "Evaluation of Source-Term Data for Plutonium Aerosolization," US DOE 

17, 1992). 

Report, Los Alamos, NM, LA-12315-MS (July 1992). 
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The risk associated with mechanical dispersal is different for storage of massive plutonium metal or 
alloy than for storage of finely-divided compounds. Although some oxide will'Iikely be 
mechanically dislodged from the surface of massive samples, the fraction of plutonium that might 
be disped is limited to 0.01 mass% by the thickness of a typical oxide la~er.~~JK) Further 
extrapolation of rate data below 150 OC shows that oxidation of the metal after exposure to air at 
ambient temperam is slow and will not contribute signihcantly to oxide dispersal even aftet 
several days.81 

In contrast to metal or alloys, relatively large fractions of fblydivided forms rn in the aispersible 
range.= whereas 20-25 mass% of the Pu& formed by oxidation of the hydride consists of 
particles with dimensions less than 10 pm,= 100 mass% of the oxide formed by pyrolysis of 
precipitates (e.g., hydrated plutonium oxalate) from aqueous processing is in the potentially 
dispersible range.84 

Upon release of plutonium metal to the ambient environment, the potential for oxidation and 
subsequent dispersal by aerosolization exists. The oxidation rate of Pu in air at500 OC and above 
is modest and constant (0.2.g P u w c m 2  of metal surface).U The oxide product formed at these 
temperatuxes is relatively coarse with less than 0.1 mass% in the dispersible mngeP 

The possibility of c o n h e r  r u p m  exists for other powdered forms because of i n d  gas 
evolution and pressure and decmsed container strength at high temperatures. The pressure is a 
combined effect arising from chemical reaction, radiolytic decomposition, helium release, thermal 
desorption, and thermal expansion. R u p m  is expected to resolt in the dispersal of a larger 
fraction of powdered forms than would be released from massive metal or alloys. On the basis of 
relative particle size distributions, the quantity of plutonium-containing material released to the 
environment is 1,OOO to l0,OOO times greater for process oxide than for massive mead. Tbe 
possibility of pIesmmuI 'on could also be reduced for powdered materials by cmti€ication to verify 
that significant quantities of adsorbates are not present87 

i 

79J.L. Stakebake and L.M. Steward, J. Electro. SOC. 119 (1972) 730. 

8oJ.C. Mar@ J.M. Haschke, and J.L. Stakebake, "A Mechanism for Plutonium Pyrophoricity," 
manuscript submitted to J. Nucl. Mat., LA-UR-93-2655 (1993). 

8lJ.L. Stakebalre, J. Less. Common Met. 123 (1986) 185. 

82J.L. Stakebake and M.R. Dringman, J. NucL Mat. 23 (1967) 349. 

83J.M. Haschke, "Evaluation of Source-Term Data for Plutonium Aerosolization," 1992, ibid. 

84J.D. Moseley and KO. Wing, "Properties of Plutonium Dioxide," 1965, ibid. 

SJ. Mishima, "Plutonium Release Studies IL Release from the Ignited Bulk Metallic Pieces," 
Batelle Pacific Northwest Laboratory Report, Richland, WA, BNWL-357 (November 1967). 

I 

86J. Mishima, "Plutonium Release Studies L Release from the Ignited Metal," Batelle Pacific 
Northwest Laboratory Report, Richland, WA, BNWt204 (December 1965). 

8'H.H. Van Tuyl, "Packaging of Plutonium for Storage or Shipment," 1981, ibid. 
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Use of vented containers for powder storage must be evaluated in light of reduced structural 
integrity of the container, miisking of pores by powder intrusion, and the consequences of 
qdiolysis-enhanced conosion of the nuclear material or the container. Formation of nitrogen 
oxides from air in a radiolytic environment produces nitric acid if water is also present.88 When 
used in conjunction with a filter, rupture disks which function only on pressurization may alleviate- 
the risk of catastrophic container failure during fires or other accidents while preventing exposure 
of the nuclear material to external ambient storage environments under normal conditions. 

V.B.6. Other Environmental, Safety, and Health Issues. 

Other ES&H hazards related to storage include nuclear criticality safety, radiation exposure,to 
personnel, and contamjnation control. Criticality safety procedures are well established for all 
candidate storage f o m .  Primary controls include limiting the quantity of stored material and 
careful inventory and bontrol of physical storage and locations. As an added precaution, storage of 
plutonium metal and alloys as castings with critically-safe geometries (e.g., thin-walled rings) can 
reduce the possibility of a criticality incident by deliberate or accidental violation of safety 
procedures. Criticality safety for finely-divided forms must rely on administrative controls that 
establish handling procedures and mass limits. 

- 

Procedures for limiting worker radiation exposure and controlling spread of radioactive 
contamination have been well established in the last 40 years. Faust, et al, provide useful guidance 
on good health physics practices.for plutonium  operation^.^^ The ingrowth of 241Am in plutonium 
that contains a few weight percent 24% is of particular significance. 241Am emits a large number 
of 60 Kev photons that can be a significant source of exposure to the hands and forearms in glove 
box operations. Such plutonium becomes more difficult to handle with time and, at some point, 
may require remote handling. The corollary of this is that any repackaging should be done while 
the available equipment can stil l  provide adequate protection, and the need for future handling 
should be minimized. 

Increasingly more stringent requirements for control of occupational exposure and contamination 
are anticipated (e.g., the DOE RadCon Manualw) and hence, consideration of advanced material 
handling technologies which reduce these exposures and risks is worthwhile. The advantage of 
automation in distancing operators from nuclear material and reducing the likelihood of operator 
enor is widely recognized.91 Castings of metal or alloy are amenable to automated handling as are 
powdered materials. Procedures differ for handling finelydivided forms and in some instances are 
more complex than for transfer of discrete metal components. However, care must be taken in 
automation to ensure high reliability of robotic components because frequent breakdowns in 
automated equipment would only transfer radiation exposure from operating to maintenance 
personnel. 

88P.G. Stecher, et al, n e  Merk w. Seve&&dW& * ' 1960, ibid. 

89L.G. Faust, et al, "Health Physics Manual of Good Practices for Plutonium Facilities," Pacific 
Northwest Laboratory Report, Richland, WA, PNL-6534 (May 1988). 

9W.S. Department of Energy Radiological Control Manual, DOEIEH-0256T (June 1992). 

9IJ.C. Martz, J.M. Haschke, T.J. Beugelsdjik, and L.E. Bronisz, "Automation and Integration of 
Site-Rem Processing," in fluclear M & M s  TecWw: Weau- 
Reconfieuration, US DOE Report, Los Alamos, NM, LALP-92-41 (June 1992) p. 18. 
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V.C. Material at Risk 

The fundamental hazards outlined above allow semiquantitative calculation of k e  potential for 
material dispersal. As a basis for these calculations, mass limits are identified for hazardous 
material in Table 3. 

Table 3. Definition of mass limits for material at risk. 
I 

V.D. Fires 

Detailed consideration is given to this issue because of the large quantity of bulk plutonium stored 
throughout the DOE weapons complex. Dispersal of material as a result of container breach during 
a fire is covered in section V.E. This section focuses on reaction and pressurbion of metal and 
oxide in storage during a fire. Actual fires involved more complicated scenarios and did not 
involve materials discussed here. 

V.D.l. Metals 

Two cases are examined for metals. The fmt is a theoretical model of a bulk piece of plutonium 
metal contained in a typical storage can. A generic quantity of plutonium hydride or plutonium 
metal frnes is assumed to use up all available oxygen in the storage can in an instantaneous 
reaction. The second is a model based on instantaneous reaction of bounding conosion values 
estimated at Rocky Flats. It should be emphasized that instantaneous reaction is not physically 
realistic and is used only as an extremely consemative bound. An altemative description of this 
assumption is to state that all reactions occur adiabatically. 

The basis for this assessment is one kilogram of unalloyed, bulk alpha phase plutonium in a typical 
food-pack storage can. Heat loadings from corrosion reactions are estimated to demonstrate rhat 
maximum obtainable temperatures axe below bulk plutonium ignition temperature and that h. .d 
losses will effectively prevent ignition of all or portions of the plutonium metal. Details of ti 3 
calculation, including relevant parameters, are presented in Appendix D. 

In sum, the temperature rise attributed to adiabatic reaction is less than 30 O C .  As such, this .tor 
does not signifcantly impact the 
does not present a credible risk This calculation assumed even heat distribution throughout tt..: 
sample. In an effort to address this limitation, the effect of localized heating on a small  portio^ of 
the sample has been examined. Details of this calculation are also available in Appendix D. 

analysis. Heating as a res?* -f !he ::-;:dation reactic. 
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All of the temperature increases calculated were well below the ignition temperature for bulk 
plutonium (= 500 T) as well as typical combustibles found in a processing glove box line. 
Further, the simple heat loss calculation for a small portion of the metal indicated that minimum 
heat losses from a smdl portion of the metal to the bulk of the metal and ambient air amounted to 
30% to 6096 of the total heat available from i n s t a n ~ u s  reaction. In experimental studies the 
flame from a carbon-arc torch was directed onto insulated bulk metal for almost two minutes before 
self-sustaining ignition occurred.92 The simple mathematical examination shown in Appendix D, 
while not definitive, indicates that the corrosion reactions associated with plutonium metal do not 
represent a si@cant plutonium fixe hazard in the absence of a large quantity of readily 
combustible material in proximity of stored mated.  

V.D.2. Oxides 

The maximum temperature for oxide nxmions is not as significant a concern as for metals since the 
ignition of oxide, a stable material, is not an issue. However, the pressurization of an oxide 
storage container during afire is a credible hazard which must be addressed. Themal desorption 
of adsorbates during a fire could lead to large presswe inc- which might burst a storage 
container. Demased material strength at high temperature compounds this problem. Appendix C 
presents a &dation of worstcase pressure rises for both qualified and uncharacterized oxide. 
Note that the values in Appendix C assume room temperature. In the elevated temperatwe of a 
fixe, these pnxsunzs might increase by a factor of two to three as a result of temperaWpressm 
relationships. 

V.E. Material Dispersal 

A simple hazard evaluation of material dispersal, focused ptimarily on metal corrosion and oxide 
mt ions ,  has been conducted using a systematic "What-I€" technique. A brief summary of the 
main results is p e n t e d  in this section. It should be noted that the types of accidents discussed 
axe bounding representations of the spectrum expected to be associated with the corrosion issue. 
All bounding airbonze release fractions (ARFs) and respirable fractions (RFs) axe derived from 
draft DP guidance.93 

V.E.1. Material Dispersal in Fires 

The tire hazard of bulk metal xemains controlled by fires external to the metal itself as the corrosion 
phenomenon is incapable of igniting bulk material. Therefore, no significant safety concern exists 
in this area. Small plutonium Qlrnings or chips could potentially ignite from the heat generated by 
corrosion phenomena and such 0ccurmce.s have been experienced in the history of the DOE 
complex. The airborne hazard may arise from two situations: self-sustained oxidation and 
suspension from metal, and suspension from a heated, non-reactive powder (PuOz). Airborne 
release fractions (ARFs) and the Respirable Fraction (RF) of the airborne particles vary for the two 
situations. However, such material is not t y p i d y  stored for long periods in vaults unless it has 
been processed to oxide. Existing safety analyses typically assume up to 1,OOO grams of turnings 

9 a E .  Felt, " B d g  and Extinguishing Characteristics of Plutonium Metal Fires," Isochem Inc. 
Report, Richland, WA, ISO-756 (1967). 

93Mishima, J., "Recoinmended Values and Technical Bases for Airborne Release Fractions 
(ARFs), Airborne Release Rates (ARRs), and Respirable Fractions (RFs) for Materials from 
Accidents in DOE Fuel Cycle, Ex-Reactor Facilities, Revision 2," DOE-HBK-00913-93 (April 
21, 1993). 
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with an ARF of 5xlW and a RF of 0.5, generating a m h u m  initial airborne source term of 
0.25 grams. 

Oxides cannot burn as they are already thermally stable, except for minor sub-and super- 
stoichiometric reactions. oxides can be driven airborne by heating if material entrained in the oxide 
bums or a fire external to the oxide heats the storage can. Using the estimated oxide MAR of 500 - 
3,000 grams and an ARF of 6x10" and a RF of 0.01 yields an initial airborne source term range of 
0.03 to 0.18.gam~. 

V.E.2. Explosions and Pressurization 

There are no explosive phenomena associated with metal storage and corrosion reactions. 
However, a signifcant pressurization reaction is possible if wet oxides are stored. Similar events 
could also be caused by storage of oxide containing other reactive impurities. The pressurization 
could conceivably result in energetic venting of the container. The venting energy itself would 
present no threat as can be demonstrated by a simple TNT-equivalent estimation using the equation 
for isentropic expansion of an ideal gas. Details of this calculation are shown in Appendix D.4. 

Venting of a 150 psi gas is equivalent to less than 0.25 g of 'I" explosion. This value is a 
credible, uppeplimit for storage of a qualified oxide. Unqualified oxide might yield pressures of 
several thousand psi (see Appendixes C and D.4). equivalent to nearly 15 g of TNT on venting. 
However, most containers would likely vent before the maximum pressm could be reached. 
Radiolytic generation of hydrogenloxygen mixtures could result in the formation of explosive gas 
mixtures. The energy equivalent from recombination of these gases could be considerably higher 
than the mechanical energy released from depressurization. 

The main concern with these pressure releases is the potential for plutonium oxide entrainment in 
the ambient air. Release fractions based on experimental data are likely to overstate the amount of 
material released as the actual venting does not duplicate the ideal dispersal conditions in the release 
experiments. For the MAR range from 500 to 3,000 grams, an ARF of 0.05 and a RF of 0.4 yield 
initial airborne source term in the rande of 10 to 60 grams. If process oxide is assumed, and ARF 
approaching 1.0 is expected, the airborne respirable source term ranges from 200 to 1,200 g. Data 
presented in Section II suggest that sintering the oxide at 1,OOO O C  could reduce the source term to 
the 50 to 300 g range. 

V.E.3. Spills 

Two major spill scenarios were examined for metal: rupture as a result of a fall, and rupture as a 
d t  of metal oxidation and volumetric expansion. In analyzing the fall of a storage container, it 
is assumed that metal is essentially intact with a surface layer of corrosion products. An estimate 
of 45 grams oxide per 1 kg of metal is believed to represent an adequate bound for current 
conditions and an extremely conservative bound if assumed to represent all metal stored. This 
estimate yields 45 to 450 grams of oxide over the MAR range of 1 to 10 kg. Assuming that 5% of 
this material exists as hydride (an extremely overstated estimate) yields hydride quantity ranging 
from 2.3 to 23 grams. 

Free-fall during transport or handling could r u p t k  a storage container. The impact of metal in a 
can on an unyielding surface could suspend the powdery corrosion products @e., oxide, hydride 

. and metal fines) from the surface of the metal. No consequences are postulated for the metal itself 
from the impact. If the can maintains its ability to retain particles, no airborne consequences would 
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resul~ Note that wtsealeded slipfit cans retained their contents (1 lb of ceramic oxide or sand) after 
free-falls of 4 ft  onto an unyielding surface94 

If the can looses containment upon impact with the surface, the contents would likely spill onto the 
floor from the breach. The ARF for 10-ft free-fall spills of powder is not a good xepmentation of 
the stress imposed on the contents. A very conservative estimate can be obtained by using the 
ARFM for the suspension of a powder from the impact of falling debris, 1~10-~/0.3. For the 
potential MARs above (1 to 10 g of metal with 4.5% of the mass as oxide, 5% as hydrides, and 
0.5% as metal fines), the airborne suspension would range from 0.03 to 0.3 grams of plutonium. 

Initiation of a tnrly rapid, pyrophoric reaction of hydride, metal frnes, and intermingled oxide 
would likely result in direct dispersal of the material into the air. The thexmal energy fPom 
oxidation of the airborne pyrophoric matexial (hydrides and metal fines) ranges from 1.9 to 19 
calories. If the heat generated is assumed to be uniformly radiated in all directions at a distance of 
30.4 cm (1 ft) from the metal, the heat energy impacting the metal surface would range from 0.008 
to 0.08 cal; insufficient to raise the temperature of the bulk metal to ignition. Considering the 
suspension of oxide from a surface of metal undergoing a self-sustained oxidation 
( A R F M  = 5x10-4/0.5), the additional source from this scenario would be insignificant. 

The secondmechanism for a metal release assumes that extended time in a heavily comsive 
environment has caused all of the metal to react to oxide. Then the can is either spilled or the 
volume expansion associated with oxide breaches the can at a seam and all of the oxide is 
subsequently released from the can. For a MAR range from 1 to 10 kilograms and an 
2x10-3 and a RF of 0.3 the initial airborne source term range is 0.6 to 6 grams. This number is 
based on ARF and RF values from spm of approximately 10 feet. 

Free-fall spills are also a hazard in storage of oxide. Using the same ARF and RF for the MAR 
range from 500 to 3,000 grams yields an initial source term range of 0.3 to 1.8 grams. However, 
the airborne release fraction for process oxide is considerably higher than for oxide derived fiom 
oxidation of metal. For example, 10095 of the oxide derived from calcination of oxalate is in the 
aerosolhble range. As such, the ARF for process oxide may be as high as 1.0. In this case, a 
source term of 250 to 1,500 grams is found assuming a respirable fraction of 0.5 [the assumption 
that the small forces involved in a free fall spiU of this short distance would deagglomerate half the 
frne powder involved (generally deagglomeration would involve forces that could be imposed upon 
the individual particles such as ultrasound) is extremely conservative]. 

of 

I 
i 

V.E.4. Resuits 

The bounding initial airborne source terms estimated for the events associated with metal and oxide 
storage range from 0.01 to 1500 grams. Although 1500 grams is associated with the upper end of 
the spectrum, all of the values obtained are withip the range of typical bounding initial source terms 
that can be estimated for events at non-reactor nuclear facilities. 

The potential dose (Effective Dose Equivalent) to the public from these events was estimated by a 
simple Gaussian atmospheric dispersion model assuming limiting weather conditions of stability 
class F, 1 m/s wind speed, and a receptor at 1 km from the facility. As none of the events 
specifically discussed in this analysis would be expected to bmch facility confinement, it was 
assumed a standard minimum arrangement of 2 HEPA filters was available to filter the release. 
Conservatively assuming 99.9% efficiency for the first and 99.8% efficiency for the second yields 
a combined filtration factor of 2xlW. Calculated doses are given in the table below. 

- - ,  D EV- SD-CP-TRP- . .  94Reichmuth, C.R. December 1988. 
027, Internal letter to J. J. Roemer, W-anford Co., Richland, WA. 
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The calculated doses are orders of magnitude below the DOE siting guideline of 25 rem. The one 
potential exception to this would be for severe events that breach building confiiement involving 
complete oxidation of a significant amount of metal or process oxide. 

Doses are not calculated for in-facility workers as such calculations are completely assumption 
driven and difficult to relate to meaningful expectations. However, the assessment indicates that 
(at least theoretically) a real contamination and inhalation risk exists for workers. This indication is 
supported by historical experience in the weapons complex where contaminations and associated 
inhalation doses have occurred. Based on historical experience, however, these events are not 
anticipated to produce a prompt fatality and the possibility of a large annual committed dose is 
considered small. 

Table 4. Material at risk as a result of certain accident scenarios. 

*Assumesunfiltered 
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VI. Recommendations 
C m n t  plutonium storage practices at Department of Energy facilities can be upgraded to ensure 
significantly improved levels of safety. The Office of Defense Programs is developing a standard 
for the anticipated long-term storage of plutonium. This long-term standard will include safety 
criteria developed as part of the Weapons Complex Reconfigmation (Complex 21) program. As 
such, material packaged to the long-term standard will be acceptable for storage in the future 
Complex 21 storage facility. However, new equipment and facilities will be required to fully 
implement this long-term standard. Phase-in of procedures and processes to meet this long-term 
standard is expected to take several years at a minimum. As such, a number of short-term actions 
are suggested to improve the safety of c m n t  plutonium storage practices. Numerous references 
are available for M e r  information associated with these recommendations.9596197~9*~ 
~~1oOJO*Jo2 These recommendations were formulated to allow near-term implementation to 
provide an increased level of safety unh such time as equipment and facilities become available to 
package plutonium to the upcoming long-term standards. They are applicable to all operations in 
which plutonium metal or plutonium oxide is stored.outside glove-box lines in containment vessels 
which do not have a certified hermetic seal (e.g., per ANSI N14.5). 

Plutonium metal or plutonium oxides should not be stored in the form of, metal 
turnings, or particles with specific surface area greater than 1.0 cm2/g. 

95ANSL 1987. American Nab 'onal Standard for Radioactive Materials - Leaka~ e Tests on 
P a C W  for Shipment, ANSI N14.5-1987, American National Standards Institute, Inc., New 
York, NY. 

Concepts", presented at the Workshop on Plutonium Storage, May 26-27,1993, Albuquerque, 
NM. 

g6Bigler, RM. 1993. "Complex 21 - Plutonium Storage Facility, Material Containment 

97DOE. 1984. PRO-ON. S m .  AND PRO"J?,- 
sTAM)ARDs, DOE Order 5480.4, Department of Energy, Washington, DC. 

gQOE. 1985. -S FOR -G ANQ 
OF W O U S  M-0US SUBSTANCE. AIQ 

-US WASm, DOE Order 5480.3, Department of Energy, Washington, DC. 

HDOE. 1986. -OFNU- DOE Order 5480.5, Department of 

1OoL.W. Gray, "Team Summary Report, Complex-21 Plutonium Storage Facility, Materials 

Energy, Washington, DC. 

Identification and Acceptance Criteria @&IC) Team", presented at the Workshop on Plutonium 
Storage, May 26-27,1993, Albuquerque, NM. 

lolIAEA, pEGULAn0 NS FOR THE SAFE TRANSPORT OF RADIOACTIVE MATERIALS, 
Safety Series No. 6,1985 Edition (As AMENDED 1990). International Atomic Energy Agency, 
Vienna, Austria. 

lmW. T. Wood, "An Overview of the Complex-21 Plutonium Storage Facility", presented at the 
Workshop on Plutonium Storage, May 26-27,1993, Albuquerque, NM. 
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k t  handling of material should be mhhized (can Tesult in exposue of 30 to 
100 mrem/han&g operation). 

Adequate inspection of containers for abnormalities (e.g. mass change, deformation, 
discoloration) should occuf through means such as visual inspection, weighing, or even 
video surv*ce where such capability exists. These data should be recorded for d e q  
and Material Control and Accountability (MC&A) evaluations. The Task Force consider 
misonable visual inspection requirements to be one week and one month after initial 
containment of mtehl from processes, and yearly therdter. 

All packages containing more & 0.5 kg of plu@nium metal should be placed on an c mal 
surveillanceschedule in which the total mass of the packageis determined to an accw I of 
f 0.5 g and compared with the mass determined in the preceding year, and ifpossib! vith 
the initial (reference) mass determined at the time of packaging. A storage packige a d d  
be evaluated (e.g., opened and inspected, radiographed, etc.) if any of the following 
conditions are met: 

a. The outer storage vessel is bulged or distorpd. 

b. Hydride-catalyzed oxidation is suspected. Such miction is indicated by a 
mass increase in either of two circumstances. 

i) For packages whose mass continues to iacxease since initial packaging 
or for which historical mass data is unavailable, a mass increase greater 
than 15 g per kilogram of plutonium over a one-year period indicates a 
hydride-catalyzed oxidation reaction1m. Continuing mass ixmease is 
indicative of a leaking container. 

For packages whose mass has remained constant over a period of 
several years (less than rfo.5 g change) at the reference value, an 
annual mass incrrease of m m  than 2 g per kilogram of plutonium is 
evidence of hydrikatalyzed reaction. Such packages are particularly 
suspect since they indicate that a previously sealed container may now 
be breached and that the d o n  could lead torapid failwe within 12 to 
24 months. 

I 

ii) 

c) If the measwed package m a s  relative to the reference mass corresponds to 
formation of oxide with a volume exceeding 10% of the free volume of the 
inner vessel. (Each one-gram haease in m a s  comxyonds to formation of 
15 a n 3  of oxide with a density at 50% of the theoretical value.) 

~InspectionptaCticesatsiteSshouldbecodifiedinsuweillanceplans. Theseplans 
should reflect facility operating status. Persow1 protection practices should include 
radiological SuNeiUizIlce during al l  handling operations, anti-contamination clothing, 
gloves and, if necessary, respiratory protection. 

103A higher oxidation rate may occur if the metal is in a high surface area contigumtion such as 
sheet of foil. The maximum annual increase for nonnal (uncatalyzed) oxidation of a given metal 
geometry can be calculated using a d o n  rate of 3 x 10-7 g oxygedcm2 -minute measured for 
alpha-phase plutonid under moist conditions at 50 "C.) 
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Inspection of containers should be integrated with inspections for MC&A to minimize 
container handling and attendant radiation exposure to levels as low as reasonably 
acbievable. 

Containers identified in inspec 'on as possessing abnormalities should be repackaged in 
accordance with well-defmed p go cedures. When handling these containers outside of 
glove box or conveyor confinement, the potential for airborne contamination and 
personnel inhalation must be explicitly evaluated with respiratory protection 
quitements specified accordingly. 

Examination and repackaging should be carried out in a glove box, preferably hiert - 
(< 100 ppm @ if possible), and in accordance with well-developed procedures to ' 

minimize worker xisk. Due to the potential for pyrophoricity of plutonium metal fines, 
accumulations of combustible material, such as rags, should not be pennitted in 
repackaging areas. Even bulk metals should be treated as potentially having surface 
metal fines due to corrosion. 

, As an interim measure, material that is repackaged may be placed in food pack cans or 
slipfit (Vollrath) containers with secured lids. If at all possible, metal should be 
repackaged in a configuration containing at least one gas-tight seal. No plastic should be 
in direct contact with plutonium metal or oxide, and use of plastic in outer layers of 
packaging should be minimized. QA measures, labeling, and material characterization 
are essential. It is important that the material and storage packaging specifics be 
thoroughly documented to avoid future uncertainties requiring additional handling solely 
for characterization. 

When packaging metal, hazardous or pyrophoric material, such as plutonium hydride, 
should be removed. It is not, however, necessary to remove protective oxide film. 
Metal should be packaged in as dry and inert an environment as possible to minimize 
corrosion (e100 ppm H20). 

It is strongly advised that impure oxides from sources other than metal be thermally 
stabilized at loo0 OC f 100 O C  for 1 hour. This process sewes to remove excess 
moisture, ensure complete conversion of substoichiometric material, and aids small- 
particle coalescence which partially mitigates the dispersal risk. If a capability for high- 
temperature frting does not exist, oxides can be stored inside Zone 1 confinement 
systems without stabilization provided slip-fit containers are used to preclude pressure 
build-up. Oxides outside of Zone 1 confinement should be stored in food pack or other 
sealed cans and, therefore, should be stabilized if at all possible. 

Due to its greater potential for dispersion in severe accidents, oxide should have priority 
over metal for storage in structurally robust vaults. To insure significant corrosion of 
oxide has not occurred in stored metal, the material should be characterized. Due to the 
buildup of impurities such as Am-241, the characterization should be performed in the 
immediate future and should make full use of small sample statistical methods. This 
study should be integrated with a site's surveillance plan as well. 
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Appendix A. Attendance List and Agenda for 
Plutonium Storage Workshop. 

ALBUQUERQUE, N.M. 
May 2627, 1993 
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MxJ 
8:OO 

8:30 

10:30 

1045 

1215 

1:15 

3:15 

3:30 

RAx-2 
9:OO 

OpeningRemarkS 

- Workshop Background - Workshop ObjectivedDaired Outcome 

Review of Plutonium Metal and Oxide 
properties Relevant to Storage 

- General Metal and Oxide Corrosion - Pu F i i e t a l  Interactions/Oxide 

- MeWOxide Chemistry and Storage 
Experience 

BREAK 

Piesentations on AJOxide Storage at DOE Sites 

RockyHats 

LUNCH 

LANL 
Savannah R i m  

BREAK 
Hanford 
LLNL 
Argonne 
1969 Rocky Flats Fire 

presentation of Advanced Storage Concepts 

Interim Storage 
Complex-21 Pu Storage Facility 
Overview 
Materhk Identitlcation and 

Containment Concepts 
Acceptancecritexia 
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10:30 BREAK 

Development of "Strawman" Criteria 

1045 Metal and Oxide Working Group Breakout (consider impact odof ALARA, 
criticality, and safeguards and security) 

- Containers 

> I "  -.Materhl . Qualification 

.~InspectiOns . 
-Modeling 

- Atmosphere Qualification 

1200 LUNCH 

1:00 Working-Group Reports. . 

3:00 BREAK . .<, , 

3:15 ,. . , . %  - I Discussion.(apRroach toward consensus) 

500 Assigqment of Action Items 

5 3 0  Adjourn Workshop 

~. 

I 
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Appendix B. Pelletizing of Plutonium Oxide. 

Conditions and equipment required for pelletizing plutonium oxide m: 

Powder receipt, measurement, and handling capability, 

Vacuum degassing equipment (if the oxide cannot be certified to be free of moisaue), 

Powder milling and grinding quipment to attain small particle sizes required for swcessful 

Furnaces for temperam in the range of 1700 O C ,  

sintering, 

Pmses capable' of loads on the order of 60,OOO psi to compress the powder* 

Molds and dies for forming the pellets at temperature in the range of 1700 "C, 

Pellet inspection, handling and packaging capabfity; packaging should be in hermetically 
sealed containers in an inert or dry air atmosphexe, 

Glove box atmosphere should be inert or dry air, and 

Glove boxes should be shielded to reduce dose from U1Am ingrowth, but totally remote 
operation may not be necessary. 

Concern include: 

The technology was developed for space h&g/power generation. How much effort is 
required to apply the technology to stabilization of oxide powder? 

Developmental efforts m necessary to determine the corzect level of pellet porosity (as 

Additional processing increases the cost, complexity, and radiation exposue of tbe process 

measured by density) to ensure release of helium fomed by alpha decay. 

OperatorS. 

Product is still susceptible to fragmentation by crush-impact forces. 
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T& existing capability to convert plutonium oxide to sintered pellets at DOE facilities is as follows: - 
AU quired eq~pment  except for powder pmses, sintering furnaces and molds and dies, 

Compression p~esses which could be used to press pellets. 

Existing fuel fabrication facility for the Fast Flux Test Facility - never been operated, 

Facility meets most of DOE Order 6430.1A requimments except for Class 1E power supplies, 

Vault with 3-4 MI' oxide storage capacity, 

Large sintering furnaces, pellet presses and dies for d (approx 5/8 inch diameter by It2 

production capacity of 6 M"/r, could be m m  than 10 MI'/yr if larger pellets 8tre 

inch long) pellets, 

manufactured, 

FMEF rough costs: $ 3 W M  and 2 years to pnpare, and $15-2OM per year to operate. 

.Capability for gram quantities only (Fu-238) and facilities are in use to meet Cassini d o n  
requirements, 

Previous oxide fuel R&D equipment no longer available. 

Furnace capable of temperature up to 1,600 OC, 

Fkss to make 1 inch diameter by 1 inch long pellets and inerted glove boxes, but only in 
batch sizes of a fraction of a kilogram, 

Facility in very poor condition; feasibility, cost and schedule to rehrbish it are uncertain. 
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Appendix C, Calculation of Worst-Case Pressure Rise 
for Stored Plutonium Oxide, 
The four most likely pressurization mechanisms in the storage of nuclear material are helium 
release due to alpha decay, chemical reaction of material within the storage container, 
radiolytic reaction of components within the storage container, and thermal desorption of 
species from the stored nuclear material. The rate of pressuxization (per kg of plutonium) 
for each of these terns is dependent on the particle size and surface area of the stored 
material. Further, thejatter three terns are strongly dependent on the quantity of foreign 
material introduced into the storage container. High-surface-area media (such as Pu@) 
have the capacity to introduce large amounts of other compounds into the storage 
environment. As such, the potential for pressurization is considerably larger in the storage 
of oxide than in the storage of metal. We briefly outline the degree of water absorption on 
Pu02 before discussing each of these mechanisms. 

Plutonium dioxide can absorb in excess of 25 mg H20/g ha. Some of this moisture is 
released by heating to various temperatures. The material which is removed by heating from 
room temperature to 50 OC is termed "physisorbed". Stakebake and Stewardcl have shown 
the physisorbed portion to be near 18 mg H20/g ha. Further heating results in 
continued desorption of water as shown in figure 1 (see Section n). On heating to 
1,OOO OC an additional 10 mg HzO/g Pu02 is =moved. This water is termed 
"chemisorbed". 

However, the concern in storage of h 0 2  is not with what was removed prior to storage, 
but with what remains and is introduced into the storage vessel. Several researchers have 
reported that water is irreversibly bound on the Pu02 surface and that desorption 
experiments only measure removal of water which was absorbed during the previous single 
exposure to H20. Water remaining from exposures prior to the last is not removed on 
heating. Such data give some concern in the storage of uncharacterized material in which 
the process history is unknown and the quantity of adsorbed species cannot be determined. 

As is seen below, the pressurization which could result from uncharactexizd material is 
large. Conversely, the pressurization from characterized and controlled material is small. 
For the purposes of calculation, we assume that 30 mg HzO/g P u 0 2  is introduced in the 
worst case for uncharacterized oxide, while suitably prepared and characterized Pu02 
contains less than 1 mg H2O/g Pu02. 

C.l. Helium release 

In metal storage, little if any pressure rise is anticipated because helium is retained in the 
metal and does not reach the gas phase. For oxide, a pressure increase of 1.055~104 mol 
helium/kg Pu02 per year is expected since all helium escapes. Assuming 4.5 kg of Pu02 in 
a storage can with a total volume of 1,850 cm3 yields a pressure rise of 5.54 torr/yr, or a 
total pressure rise of 277 torr (5.35 psia) after 50 years. This is the only certain source of 
pressure rise since alpha-decay of ugh is assured. 

c1J.L. Stakebake and L.M. Steward, J. Colloid Interface Sci. 42 (1973) 581. 
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C.2. Chemical reaction 

It is difficult to predict the p m  increase arising from chemicai reaction. A calculation 
must assume a quantity of adsodme which reacts with the stored nuclear materm. ~~, 
the kinetics of the reaction will detemine the rate of pxssuxe haease. Certain materials and 
Ileactiom axe well charactenzed * (such as the reaction of H20 with Pu metal), while others 
are suspected but the rates unlcnown (such as the reaction of H20 with ha, 5Pua + Ha 
-> PuPlr + Hd. In the worst case, it is assumed that all species react and give gaseous 
products. For uncharacterized material containing 30 mg H20/g Pus, complete reaction 
with Pu02 would yield 1.67 mole Hflg Pu@ or, in the s p d l e d  storage container 
(4.5 kg Pua, 1,850 cm3 total volume), a total pressure of 115.3 atm (1,695 psia). The 
chance that such complete reaction would occur during storage is unknown but expected to 
be very small. More likely is partial reaction giving a much lower hydrogen pnxsure. 
Indeed, the buildup in hydrogen p m  seen in past storage of plutonium oxide may be 
due in part to this mechanism (as opposed to radiolytic decay of water or organic materials 
as sometimes suggested). A m a  ciedible pressm rise expected for wellcharacterized 
material (1 mg H20/g Pus) is 0.056 mole H2kg Pu@. In the given configuration, 
this yields a total p w u e  rise of 3.84 atm (56.5 psia). This latter number also assumes 
complete reaction of moisture with m, something which is difficult to predict but 
probably not likely. 

Note that if complete cbemical reaction of moisture occu~s, there is no mnaining adsohate 
for either radiolytic d o n  or thermal desorption. 

C.3. Radiolytic reaction 

Radiolytic decomposition of water and other organic materials is also difficult to predict. In 
the worst case, one can assume'that all species a ~ e  radiolytically decomposed. As such, the 
worst-case for radiolytic decomposition is 1.5 times that for chemical reaction (each H20 
radiolyzes to 1 H2 and 1/2 02) (2,543 psia for uncharacterized material, 84.8 psia for 
certified). 

An alternative approach involves calculating the rate of radiolytic decay. 'Ihis calculation is 
more involved and requims a specification of surfcce-area of the material and the G-value 
for hydrogen production from organic and water decay. One can assume an infinite sink of 
diol inble  material to predict a worstGase pmswization (a near-infhite sink might be the 
presence of plastic bagging, for example). Using a surface area of 50 mz/g Pua, an a 
escape depth of 0.2 pm, and.a G-value of 2.0 H2/100 eV a paxticle emission, a hydrogen 
generation rate in excess of 2,400 mol Hdyear is found. Obviously, this number is 
excessive(sinceitassumesthatmdiolizablemate~isinintimatecon~twithPu 
throughout the 50 mZ/g surface area). Hence, is must be assumed that all radiobble 
material can react and the numbers stated in the paragraph above are the worst-case 
pressurizations. 



C.4. Thermal desorption 

If material is characterized and processed to m o v e  physisorbed components, little if any 
P- ' 'on is expected upon heating. Conversely, uncharacterized material could 
release as much as 20 mg HzO/g P u a  on heating (see figure 1). This corresponds to a 
water release of 1.11 mol HzO/kg Pu& or a pressure rise of 76.9 atm (1,130 psia) in the 
specified storage container. Note that several previous container ruptures have been 
attributed to this mechanism, including the 1979 incident at Hanford which prompted the 
Van Tuyl investigation. The above calculation is extremely simplistic and does not account 
for equilibrium conditions and condendon on other surfaces. These issues are extremely 
complex and beyond the scope of this analysis. 

C.5. Summary 

Under worst case conditions, the total pressure rise involves total release of helium and 
complete reaction of adsorbates on the Pu& surface, For uncharacterized material, a 
pressure rise of 1700 to 2550 psia is calculated after 50 years of storage. This term is 
dominated by the 1695 to 2543 psia pressure rise due to reaction, decomposition, and 
desorption of the 30 mg HzO/g Pua present in the initial material. The released gas is 
composed of either water or hydrogen, depending on which mechanism pressurized * the 
container. Though these are worst-case estimates, the likelihood of a pmsurization of this 
magnitude is considered small. 

Well characterized material (1 mg HzO/g Puoz) is expected to have a much lower pressurization. 
Under the worst case, a total pressure rise of 61.8 to 89.8 psia is calculated after 50 years. This 
term is also dominated by the 56.5 to 84.5 psia rise from reaction, decomposition, and desorption. 
Again, the likelihood of a pressurization of this magnitude is difficult to predict but the likelihood is 
considered extremely small. This statement is supported by the years of successful storage 
experience with well-characterized oxide. 
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Appendix D. Summary of Calculations for Heat 
Generation, Temperature Rise, and Plutonium 
Dispersion. 
D.l. Initial Calculational Assumptions 

D.1.a Plutonium Properties 
fiomDlSD2 

- 19.86gkm3 - 3.6 x 10-2caVg K 
Density 
Specific Heat 
Heat of Oxidation 

puo1.98 - 4,500caVmole 
p a 2  
Pu 

. Bulk Ignition Temp. 

- 273,200 caVmole - 252,800caVmole - Slightly above 500 O C  

D.1.b. Can Properties 
fiomD3.w 

Diameter - 10.3 cm 

Density - 8g/cm3 
Specific Heat - 0.12dmoleK 

Height - 11.9cm 
ThiCkIleSS - lOmil=O.O25~m 

D.1.c. Bounding Corrosion Estimates for Rocky FIats Unalloyed Metal 
Storage 

- 45 g oxidekg of metal - 5% PuH2,0.5% Pu metal fines 
QuantityM 
Composition 

It is recognized that the above estimates cannot be called definitive. It is thejudgrjnent of the 
experts in the DP task force that these! estimates rn highly conservative. 

D1OJ. Wick, ed., <-w - V w  American 
Nuclear Society, La Grange Park, IL (1980). 

J.L. Stakebake, "Plutonium Fjymphoricity," EG&G RocQ Flats Division Report, Golden, CO, 
RFP-4517 (June 1992). 

MH.H. Van Tuyl, "Packaghg of Plutonium for Storage or Shipment," Internal Report, Pacific 
Northwest Laboratory, Richland, WA (March 1981). 

MRH. Perry, ed., Handbook of Chemical Engineering, 5th Edition, McGraw-Hill, New York 
(1973). 

MStakebake, J.L, J.E. Selle and J.R. Winkel. October 29,1990.ExhifaI Ev- 2 (undocumented). . .  
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D.2. Temperature Rise Sample Calculation 

1. Volume of Plutonium 

1,OOO gl19.86 dcm3 = 50 cm3 

2. VolumeofCan 

x(5.15 cm)2 * 11.9 cm = 1,OOO cm3 

3. Airincan 

1,OOO cm3 - 50 cm3 = 950 cm3 

Oxygen Available in the Can 4. 

Assume the c.m is filled with air at 25 O C ,  1 atmosphere pressure, and 100% relative humidity. 

a. OxygeninAir 

i. 

ii. 

iii. 

Iitedmole of air at 25 OC ='22.4 1 (298 W273K) = 24.5 liters 

air in can = 0.95 Y24.5 Ymole = 0.04 moles 

oxygen available = 0.04 moles * 0.21 = 8 x 10-3 moles 0 2  

b. Oxygen from Water Vapor 

i. 

ii. . 

iii. 

iv. 

Saturation water pressure at 25 OC = 3.2 kPa 

Mole % water vapor in air at 1 atm = 100 * 3.2 kPdlOl.3 kPa = 3.2% 

Water vapor in can = 0.04 moles air * 0.032 = 1.0 x 10-3 moles 

Assume all water vapor disassociates due to radiolysis 

2 H20 --> 2 H2 + 0 2  

02 available = 1.0 x 10-3 * 0.5 = 5 x 10-4 moles 

Total oxygen = 8 x c. + 5 x 1W= 8.5 x 10-3 moles 

5.  Heatgenerated 

Assume: (1) instantaneous reaction, ,and (2) all oxidizing material is plutonium hydride. 

The stoichiometric reaction of concern is 

2 PUH2 + 3 0 2  -> PUO2 + 2 H2O 

a. 

b. 

Maximum hydride that can react = 8.5 x 10-3 moles 0 2  * 2/3 = 5.7 x 10-3 moles 

Heat liberated = 5.7 x moles * 273,200 caUmole = 1560 cal 
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6. Tempturerise 

Assume: (1) heat is equally absorbed by an insulated system consisting of the can and the 
plutonium since the reaction is instantaneous, and (2) the heat absorbed by the air in the can is 
ignored. 

\ a. Massofthecan 

i. Volume of structural metal in can = Volume of cylindrical portion + volume 
of ends + volume of crimp s,eals 

(1) Cylindrical can volume = rlr(5.15 cm)2 * 11.9 cm] -[x(5.15 cm - 
0.025 cm)2 * 11.9 cm] = 10 cm3 

(2) Can end volumes = 2lr(5.15 cm)2 * 0.025 cm = 4 cm3 

(3) Assume crimp volumk equal to one can end to esthate equivalent 
weight. 

(4) 

Weight of structural metal in can = 16 cm3 * 8 g/cm3 = 130 g 

Total volume = 10 + 4 + 2 = 16 cm3 

ii. 

b. System heat capacity 

System heat capacity = (lo00 dl130 g) * 3.6 x caVg K + (130 g / 1130 g) * 
0.12 CaVg K) = 0.05 c d g  K 

c. TemperatuxeRise 

Temperam rise = 1560 caV(0.05 caVg K * 1130 g) = 30 K 

D.3. Conduction and Radiation Sample Calculations 

In response to potential concerns that uneven heat distribution across the metal could allow ignition 
to occur in an isolated area, the following calculation was performed to support experimental 
observations that bulk temperature must approach the ignition point before a significant metal fire 
can be sustained. 

Conduction losses are estimated assuming the heat of reaction has been concentrated in one cubic 
centimeter at the comer of the plutonium piece sufficiently to allow the temperature in that comer to 
reach 500 "C (Le. just below the ignition temperature). The opposite sides of the plutonium piece 
~IE assumed to be at ambient temperatme (35 "C). The only conduction initially considexed is 
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through three one square centimeter rectangles aligned with the three sides of the heated cube 
facing the metal. The heat transfer rate through any one of these rectangles can be determined from 
theequation 

Q = heat flow (caloties/sec), 
A = Surfaceareaofaansfer(cm2), 
k = thermal conductivity ( d c m  sec "c), 
T1 = warm face temperature (T), 
T2 = cold face temperature (T), and 
B = thickness(cm). 

. 

A typical value for plutonium thermal conductivity between the assumed temperature values would 
be 0.03 cal/cm sec "C. The thickness of the rectangles on any si& of the heated cube is 2.7 cm, 
resulting in a heat flux of 5.2 cal/cm2 sec. For the t h e  one square centimeter faces of the cube, 
the total heat flux is 440 Winin. 

Radiation heat losses from the heated cube can be esthami from the equation 

Q = heat flow (~al~ries/sec), 
A = Surface area of transfer (cmz), 
s = 1.355 x 10-12 d s e c  cm2 K4, 
E = emissivity(dimensionless), 
TI = radiating temperam (K), and 
T2 = ambient temperame (K), 

The metal surface must be considered to be heavily oxidized to support the reaction being 
postulated, so an average emissivity value of 0.8 for oxidized metal surfaces is assumed. For the 3 
square centimeters of dat ing  surface, the radiant heat loss is 68 cdmin. Without considering 
conductive heat losses to the majority of the plutonium, radiative heat losses from the majority of 
the plutonium, or convective heat losses at all, it is easy to postulate a total heat loss of at least 
loo0 cal/min for a small, high temperatme portion of a plutonium mass. 

D.3.a. Results 

Additional calculations were performed for a 1 kilogram mass of plutonium. Estimates for heat 
liberation were perfonned for oxygen limited reactions for hydri& and for plutonium metal 
converting to oxide in instantaneous reactions that are not physically credible. Additional estimates 
w m  performed for instantaneouS d o n  of an estimated bounding c o d o n  composition of 2.3 
grams plutonium hydride, 02 grams plutonium metal fines, and 42.5 grams of sub-stoichiometric. 
oxide. For the oxygen limited hydride case, the maximum temperature rise of the plutonium was 
30.43 O C ,  depending on whether the heat liberated was pxpumed to be transmitted to the can md 
th. iutonium or the plutonium only. The heat liberated was 1,580 cd.~k;.fis b r  fhe metal 
oXs;dtion case, the temperature rise and heat liberated were 43 - 61 T and 2,200 calories 
respectively. The values for the bounding corrosion estimate were 68 - 97 O C  and 3,500 calories. 
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D.4. Mechanical Energy Equivalent in Pressurized Storage Containers. 

The venting energy itself would present no threat as can be demonstrated by a simple TNT- 
equivalent estimation using the equation for isentropic expansion of an ideal gas: 

E = energy released (liter-atm), 
Pi = maximum pressure in can at time of venting (am), 
Vi = volume of container (l), 
y = heat capacity ratio of gas = 1.4 for air, and 
P2 = ambient pmsure vented to (atm). 

As shown in Appendix C, A typical m b h u m  presswe within a can of certified oxide might be as 
high as 150 psi (10.2 am). The typical primary container has a volume on the order of 1 liter, and 
tk ambient pressure is 1 atm. With 1 liter-atm being equivalent to 24.1 calories, and 1,120 
calories being equivalent to orre gram of TNT, the maximum "I' equivalent of this venting would 
be = 0.25 grams of TNT, a value well below the average fuecracker. However, storage of 
uncharacterhd oxide could potentially yield far greater p w m .  For example, the maximum 
pmsure that might occur in the storage can with 3000 g of oxide is derived from Figure 1. The 
oxide is assumed to be "wet" and to have a specific surface area of 50 m2/g (a value commonly 
seen for process oxide). Since the amount of water remaining after evacuation at room temperatme 
is 28 mg/g for a specific surface m a  of 17 m2/g, the loading on a 50 m2/g oxide is nearly 
82 mg H20/g Pus. For 3 kg of oxide, the total amount of water in the container is, thus, 246 g 
(13.7 moles). If this quantity of water is radiolyzed to H2 and 02, the internal pressure in a 1 1 
container is approximately 7500 psi at 25 OC. However, since radiolysis is a slow process and 
containment will likely be lost at lower pressure as a &t of structural failure, explosive release of 
gas at this pressure is highly unlikely. Simple thermal desorption of this quantity of water could 
mult  in a rapid rise in steam pressure to nearly SO00 psi. This event could result in considerable 
plutonium dispersal, equivalent to 14.8 g of TNT. 

Last, recall that the radiolytic generation of hydrogen and oxygm could result in the formation of 
explosive gas mixtures. The energy equivalent in such mixtures would be considerable. It is 
difficult to quantify this process. A worst-case estimate yields nearly 150 g TNTeqUivalent if a l l  
of the water present on oxide is radiolytically converted to hydrogen and oxygen in a typical 
storage container. Further work is necessary to determine the probabfity of this occmnce. 
Some evidence suggests that the plutonium dioxide surface may act as a catalyst for 
hydrogedoxygen recombination. 
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DEPARTMENT OF ENERGY 
PLUTONIUM ES&H VULNERABILITY ASSESSMENT 

ASSESSMENT PLAN 
Errata 

1. 

2. 

3. 

4. 

5. 

6. 

7. 

8. 

9. 

Table of Contents, Attachments: 
Attachment 1 : Methodology Process 
Attachment 2: 
Attachment 3: 

Attachment 4: 

ES&H Vulnerability Assessment Form 
Working Group Assessment Team Report and Site 
Assessment Team Report Outlines 
Proposed Agenda for Working Group Assessment 
Teams 

Page 2, column 1, under "Roles and Responsibilities," first bullet, last line. 
Strike the word co-leader and replace with "leader and deputy leader." 

Page 3, column 1, five lines from bottom, replace "three" with "two." 

Page 3, column 2, last two lines, change Attachment 2 to  Attachment 1 and 
Attachment 3 t o  Attachment 2. 

Page 5, column 1, first line. After "documents." add the sentence "Table A1 
provides information on certain types of plutonium-containing materials." 

. 

Page 5, column 1, fifth and sixth lines from the top. Replace "Table AI 
provides a key to  assist in package definition" with "Tables A2 and A 3  provide 
keys to  assist in package and material definitions, respectively." 

Page 5, column 1, second paragraph, line 7. After the word "codes," insert 
parenthetically (See Table A4). 

Page 6, column 1. 
0 

0 

Paragraph 2, line 5, replace "Attachment 4" with "Attachment 3" 
Paragraph 3, last line, replace "Attachment 1 with "Attachment 4" 

Page 7, column 2, paragraph 1,  replace "Attachment 1 " with "Attachment 4." 

10. Page 9, column 2, paragraph 1, replace "Attachment 2" with "Attachment 1 ." 
Make same replacement in column 2, paragraph 2, 6th line from bottom. 

1 1. Page 10, column 1, last paragraph, lines 9 and 10. Replace "Attachment 2" 
with "Attachment 1 I' and "Attachment 3" with "Attachment 2." 
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ASSESSMENT PLAN 
Errata 

12. - Page Al-1, Day "O", second bullet, lines numbered 1,  2 ,  3, and 4. Ch. ge 
parenthetical "co-leac -I1 t o  "deputy leader." 

13. Page A1 -1, Day l., "In-Briefing." (a) Insert a new first bullet t o  read 3am 
meets with the host and external stakeholders; host and team mab, Prief 
introduction covering background, purpose, and activities; and .rernal 
stakeholders provide their comments." (b) Under the current first bullet, change 
"processes" to  "proceeds," and add "with the Site Assessment Team" a t  the 
end of the sentence. (c) Strike the  current second bullet ("Leader/host ...'I) and 
third bullet ("Leader provides .. . ' I ) .  

, .  

14. Page A2-9, box titled Question 2, last line, replace "maximum" with "design life 
and current." Also last column of table titled "Maximum Ager" replace with 
two columns titled "Design Life" and "Current Age." . , 

15. Replace all page AI-x with A4-x, all page A2-x with page Al-x, all page A3-x 
with A2-x, and all A4-x with A3-x. Also, change all the "Attachment" headings 
a t  the top of the pages a s  follows: Attachment 1 becomes Attachment 4, 
Attachment 2 becomes Attachment 1 ,  Attachment 3 becomes Attachment 2, 
and Attachment 4 becomes Attachment 3. 
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DEPARTMENT OF ENERGY 
PLUTONIUM ES&H VULNERABILITY ASSESSMENT 

PROJECT PLAN 
I Errata 

Page A1-2, first column, delete the title and the paragraph for the section 
"Sealed Sources." 
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Foreword 

Plutonium storage practices at Department of Energy (DOE) facilities evolved over decades 
during which the objectives of Department programs were to support nuclear weapons 
development and production, These storage practices reflected a desire to primarily 
maintain plutonium in metal form for prompt recycling into weapon components. 
Weapon-grad: plutonium generally was considered to be either "in-process:' or "in-use". 
Prevailing procedures and safety requirements addressed only short-term storage. The end 
of the Cold War and the new arms control agreementare leadingto the rethment of large 
numbers of nuclear weapons resulting in an excess of plutonium that will require 
management. 

.. 

This standard establishes safety criteria for long&m safe storage of plutonium metals and 
plutonium oxides at existing DOE facilities. Plutonium materials packaged to meet these 
criteria shollid not need subsequent repackaging to ensure safe storage for at least 50 years 
or until final disposition.plans for the plutonium is decided. . ... ,- 

.. 
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1.0 PURPOSE AND SCOPE 

1.1 Purvose 

This standard provides for safe storage of plutonium metals and oxides for at least 
50 years. To meet the criteria, DOE facilities will have to place stable 

’ plutonium-bearing forms in containers designed to maintain their integrity both 
under n o d  conditions and during postulated accidental conditions. Use of the 
containers should also eliminate the need to repackage the materials for transport 
and minimize the need for additional handling during storage. 

Surveillance, inspection, and documentation requirements related to the safe storage 
of plutonium are also identified. 

I ,  1.2 Scope 

This standard applies to plutonium metals, selected alloys (e.g. gallium and 
aluminum alloys), and stabilized oxides that contains a minimum of 
50 weight-percent plutonium. It does not apply to plutonium-bearing liquids, 
residues, waste, sealed weapons components containing plutonium, or material 
containing more than three weight-percent plutonium-238. Required safeguards 
and security considerations are not stressed in these criteria. This standard is 
subject to review and update as needed. 

The nominal plutonium isotopic composition (by weight-percent) for various grades 
of plutonium are typically as follows: 

1 
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2-0 DEFINITIONS AND ACRONYMS 

ALARA - As low as reasonably achievable. A radiological control concept to manage and 
control exposures to work force and to the general public at levels as low as is reasonable, 
taking into account social, technical, economic, practical and public policy considerations. 

Alloy - A substance composed of two or more metals form by melting and dissolution of 
components in each other when molten. 

ANSI - American National Standards Institute. 

-- -5 BagIewTransfer Can - An option for an externally uncontaminated boundary, 
container. (See Figure 1.) A bagless transfer can may be placed directly into the primary 
containment vessel. It would be used to remove plutonium metals and oxides from a glove 

container within the transfer can. 

. Boundary Container - A hermetically-sealed container placed into the primary 
(outermost/shipping) containment vessel to provide the inner-most barrier against 
contamination. (See Figure 1.) 

Complex 21 - Future reconfigured nuclear weapons complex. 

- i .box enclosure without the use of any plastic bag or other organic or degradable material 

_ .  

Conversion - An operation for changing material from one physical or chemical form, 
.* ~ use, or purpose to'another. 

Database - A computerized listing of retrievable i n f o d o n  for halysis or materials 
management. The data base will identify the location and characteristics of individually 
stored marerial containers for analysis, assessment and management. 

Design Basis Accident @BA) for Container - Any credible accident involving a 
container (e.g., drop, crush, fm, earthquake). 

DOE - United States Department of Energy. 

In-Process, In-Use Material - Material that is integral to the continuing manufacture 
or recycle processes involved in the nuclear weapons complex. 

Long-Term Storage - A storage duration of greater than 10 years. 

Loss on Ignition (LOO - Percentage loss of weight associated with heating a specified 
quantity of plutonium-bearingtnaterial to a specified temperature and holding it at that 
condition for a specified period of time. 

Material Container - The container that is in contact with the stored plutonium material. 
(See Figure 1) This may either be the boundary container, or a container that resides inside 
the boundary container. If the material container is not the boundary container, it does not 
have to be hermetically sealed. 

. .  

MC&A - Material Control -and Accountabity. 

NFPA - National Fire Protection Association . 
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Plutonium Oxide - Oxide mixtures of plutonium, which are stable and contain at least 50 
weight-percent plutonium. Such materials consist primarily of plutonium dioxide, but may 
contain minor concentrations of other inorganic compounds. 

Primary Containment Vessel - The outer most containment boundary for long-tenn 
storage in a uncontaminated area. This container will also be the primary containment 
vessel in a shipping package for offsite transportation. (See Figure 1.) 

Process - To extract, separate, purify or fabricate a material by physical, chemical, or 
mechanical means. 

Residue - Excess process material or recyclable scrap from manufacturing or purification 
operations, which is not classified as waste. 

SAW - Safety Analysis Report for Packaging. UCID 21218 provides the guidance for 
preparing a SARP. 

Stohge - Any method for safely maintaining items in a retrievable form for subsequent 
use. 

Storage Facility - The building structum and other confinement systems in compliance 
with requirements that house the storage containers. 

Thermal Stabilization - A process that exposes a plutonium-bearing material to high 
temperame in an oxidizing atmosphere to remove adsorbed moisture, and occluded gases 
and compounds; and chemically converts other plutonium compounds to oxide, thereby 
producing a less reactive chemical form. 
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3.0 RELEVANT ORDERS, STANDARDS, AND DOCUMENTS 

ANSI N14.5-1987. Standard for Radioactive Materials - Leakage Tests on Packages for 
Shipment, American National Standards Institute, Inc., New York, NY. 

ANSYANS 16.5-1975 (reaffirmed 1987). Standard - Guide forlNuclear Criticality Safety 
in the Storage of Fissile Materials, American Nuclear Society, LaGrange Park, IL. 

DOE 5480.3, Safety Requirements for the Packaging and Tra&ort of Hazardous Material, 
Hazardous Substances and Hazardous Waste, July, 1985. 

1 

DOE 5480.5, Safety of Nuclear Facilities, September, 1985. 

DOE 5480.1 1, Radiation Protection for Occupational Workers, Change 3, 
June, 1992. 

DOE 5480.23, Nuclear Safety Analysis Reports, April, 1992. 

DOE 5660.1, Management of Nuclear Materials, November, 1988. 

DOE 5633.4, Nuclear Materials Transactions: Documentation and Reporting, FeUmuy, 
1986. 

DOE 6430.1& General Design Criteria, April, 1989. 

DOEEH-0256I: US Department of Energy Radiation Control Manual, June, 1992. 

DOE/DP-O123T, Assessment of Plutonium Storage Safety Issues at Department of Energy 
Facilities, Jahuary, 1994 

NUREG/CR-3019, Recommended Welding Criteria for Use in the Fabrication of Shipping 
Containers for Radioactive Mdterials, March, 1984. 

UCID-21218, Packaging Review Guide for Reviewing Safety Analysis Reports for 
Packaging, October, 1988. 
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4.0 CRITERIA 

To minimize hazards to workers, the public, and the'environment associated with the 
storage of plutonium metals and oxides, the following specific criteria are established. The 
bases for the criteria are provided in Appendix A. 

I , f  

4.1 'Material Fomi 

A. General 

1) 

2) 

3) 

The stored materials are in solid metal or oxide (powder or solid) form. 

 he stored forms are ieadily retrievable. 

The quantity of stored plutonium (metals or oxides) per primary 
containment vessel is as close as possible to but not greater than 4.5 kg 
(9.9 pounds) of plutonium equivalent. Actual operating limits are 

r 

facility-specific. 

B. Metal 

1) 

2) 

3) 
* 

Stored metal pieces have thicknesses greatei than 1.0 mm or have 
specific surface areas less than 1 cm*/g. 

Plutonium metal is free of loose oxide. 

Plutonium mktal is packaged and stored in a dry (preferably mildly 
. oxidizing) atmosphere having a moisture content less than 100 ppm. 

I .  

c. oxides . 
, .  

1) 
. 

Plutonium oxides are thermally stabilized to 0.5% loss on ignition (LOI). 
This can be accomplished by heating the material in an oxidizing 
atmosphere to a temperature of no less than 1,OOO O C  (1,832 OF) for at 
least 1 hour. 

2) Following stabilization, the cooled oxide is handled and packaged for 
storage in a dry atmosphere so 0.5% LO1 is retained. 

4.2 Packaging 

Packaging criteria for safe, long-term storage of plutonium call for two protective barriers. 
Design of the barriers allows for inspection and surveillance. Both barriers are hermetically 
sealed. The space between the inner barrier and outer barrier is free of transferable 
contamination. The inner barrier is the boundary container. The outer barrier is the 
primary containment vessel, which will also serve as the primary shipping package. 
Material containers that do not meet the boundary c o n q e r  criteria are not credited as 
barriers. (See Figure 1.) 
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4.2 . 1 Material Container 

A material container is any container in contact with the stored material. It is packagec 
boundary container for long-term storage. It is fiee of aE q x k  rxi:;kd such as plas 
bags, organic coatings or residues, and gaskets. 

A material container may also be the boundary container, if it is sealed and meets the 
boundary container requirements in Section in 4.2.2. 

If a material container is not the boundary container, it must be sized to fit inside tl- 
boundary container. The material container for oxides may be equipped with a ce: .- post 
to aid heat transfer. 

a 

4.2.2 Boundary Container 

A boundary container fits directly into the primary containmen. vessel and provides an inner 
barrier against external contamination. 

A boundary container meeti the following requirements: 

A. 

B. 

C. 

D. 

E. 

neral Requdments 

At the time of emplacement in the Primary containment vessel, the exterior 
of the boundary container, shall be free of any transferable contamination as 
defined by DOERadiologicd CuntruZManual, DOElEH4256T. 

Piensional Re&- 
Boundary container shall be sized to fit into the primary containment vessel 
with allowances made for internal packing and clearances for welding the 
primary containment vessel closed. The following are the maximum 
boundary container dimensions: 

- Maximum outer diameter of 12.5 cm (4.9 in) - Maximum external height of 25.4 cm (10 in); with a hemispherical 
bottom the maximum height can be 27.9 cm (1 1 inches) 

Coria 'nment ReauiremenQ 

Boundary containers shall be hermetically sealed and tested after initial fa to 
be leak-tight as defined in ANSI N14.5. 

Stn~cmral Reuuirements 

Boundary containers for plutonium metals and oxides shall be of corros-on- 
resistant material. 

Container PackinP Requirements 

1) Boundary containersior plutonium metals or oxides shall be free of all 
organic material such as plastic bags, organic coatings or residues, and 
elastomeric gaskets. 
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2) Material and boundary containers shall have a dry, inert atmosphere (can 
be mildly oxidizing). 

F. Other Reaukmen6 

1) The contents of each boundary container shall be marked on its exterior 
and noted in the database referred to in Section 4.5. Markings shall be of 
a permanent nature, e.g. etched, or engraved. 

Boundary containers for plutonium metals and oxides storage shall be 
designed to allow for ready retrieval of their contents. 

QA documentation of materials and packaging shall be provided for a 
boundary container. 

2) 

3) 

4.2.3 Primary Containment Vessel Criteria 

The primary containment vessel is relied on to provide the outer containment barrier for 
safe long-term storage in a noncontaminated area. (See Figure 1) This vessel also serves as 
the inner container in a shipping package for plutonium transportation as required by 10 
CFR 71. The vessel is designed for periodic leak testing and gas samphg.1 

The primary containment vessel meets the following requirements: .. 

A. R e a u i r w  

Storage container (primary containment vessel) shall be designed for dual 
use as a primary con&ent vessel for shipping and for long-term 
storage 

Primary containment vessel shall meet the following: 

10 CFR 71, Packaging and Trausportation of Radioactive Material. 

49 CFR 173, DOT requirements for offsite transportation of packages. 

DOE 5480.3, Safety Requirements for Packaging and Transport of 
Hazardous Material, Hazardous Substances and Hazardous Waste. 

Maximum equivalent mass of fissile plutonium shall be 4.5 kg (9.9 
pounds) plutonium per primary containment vessel 

Oxides and metals shall be contained in an inner boundary container. 

*The primary containment vessel contains a sample tube attached to the top head of the vessel. This tube is 
penetrated by a laser bcam through a scaled chamber used for collecting gas samples and for leak testing operations. 
After leak testing and gas sampling operations are completed the laser beam is refocused and the tube is resealed. 
The tube length pennits penetration and resealing operations in a large number of locations on the tube. This 
eliminates having to penetrate and reseal in the same location each time the vessel is sampled. 
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B. 

C. 

4) 

5 )  

D. 

3) 

The dimensional requirements for primary containment vessel is based on 
the size limits set by existing licensed secondary shipping container. The 
dimensional requirements are as follows: 

Maximum inside diameter of 13.3 cm (5-1/4 in.) 

Maximum outside diameter 15.2 cm (6 inches) 

Maximum external height of 43.2 cm (17 inches) for vessel configured 
for shipping 

con- 
Provisions shall be provided for purge and backfill. 

Vessel shall be resealable to original integrity after gas sampling 
operation is complete. (See foot note on page 7) 

Nondestructive examination of resealed vessel shall be possible to 
detemine integriv of resealed vessel. 

Sealed vessel shall be leak-tight as defined by ANSI N14.5. 

Vessel shall be outfiaed,with all  welded closures and ports (hermetically 
sealed). 

1) The primary containment vessel meets the following requirements: 

- ASME Boiler and Pressure Vessel Code as specified by UCID- 
21218, Packaging Review Guide for Reviewing Safety Analysis 
Reports for Packagings, Oct. 1988. 

- NUREG/CR-3019, Recommended Welding Criteria for use in the 
Fabricatiosof Shipping Containers for Radioactive Materials. 

5 )  

- NUREG/CR-3854, Fabrication Cnteria for Shipping Containers. 

Vessel shall be capable of being reused after being opened once. 

Minimum design life shall be 50 years with no routine maintenance. 

Vessel shall be fabricated of material that would provide a corrosion- 
resistant containment boundary. 

Vessel shall meet dimensional and con&ent requirements after the 
following anticipated occumncei: 

122 cm (4 ft) drop 
61 cm (2 fi) crush in which primary containment vessels collide 
Vehicle vibration 
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Handling shock 
Compression weight of five (5)  primary containment vessels 

Vessel shall re& leak-tight as defined by ANSI N14.5 after the 
following one-time, abnormal occurrences: 

9 meter,(30 ft ) free drop 
9 meter (30 ft ) crush in which primary containment vessels collide 
Vehicle crush as defined in the SARP 
Puncture as described in the SARP 

6)  

E. 

1) primary containment vessel shall be designed to withstand 3,450 Kpa 
(500 psig) internal presm.at 204 OC (400 OF) 

F. 

4) 

5 )  

G. 

Primary containment vessel shall be designed to withstand 147 Kpa (21 
psig) external pressure . 

Vessel Pa- 

All packing material shall be noncombustible per NFPA 

All packing material shall be inorganic. 

Steady-state plutonium metal temperature shall not exceed 100 OC 
(212 OF). 

Vessel shall have a dry, inert atmosphere (can be mildly oxidizing). 

Primary containment vessel shall be capable of holding 4.5 kg (9.9 lb.) 
of plutonium metal, or plutonium as oxide, with adequate free space 
remaining to prevent container pressure fiom exceeding the design limit. 

7) 

Vessel design shall be compatible with automated handling equipment. 

Bar codes for identification and accountability shall be placed on vessel 
for direct or remote reading by robot or automated guided vehicle. 

Vision targets shaU have a permanent high-contrast color relative to 
container. 

Vessel surface shall be uniform in color, except for vision targets. 

Bar codes shall re& legible for more than 50 years. 

Accessibility shall be provided for insitu material control and 
accountability measurements. 

QA documentation-of materials and packaging shall be provided. 
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4.3 

4.4 

Storage Facility 

New storage facilities or significant modifications to existing storage facilities shall mec 'le 
requirements of DOE Order 6430.1A. 

Inspection and Surveillance for Safety 

A. 

B. 

C. 

D. 

E. 

F. 

G. 

H. 

Inspection and surveillance procedures identify: 

Prerequisites 

Acceptance criteria 

Specific instructions to ensure that rejected items are repackaged and 
reinspected for acceptance after identification. 

Inspections and surveillanie for safety are performed only by professional 
workers. 

Formal methodsand responsibilities are documented and maintained for 
independent review and evaluation. 

Inspection of primary containment vessel is integrated with inspections for 
Material Control and Accountability (MCXcA), as called for in DOE Order 
5630 series, to minimi7e container handling and attendant radiation 
exposure to levels as low as reasonably achievable (ALARA). 

Surveillance testing frequency, container sample size, and container 
selection are established using a statistical approach to ensure that primary 
containment vessel integrity is maintained with a high dew of confidence. 
Testing frequency is adjusted to account for surveillance failures. 

Initial container inspections are performed within a fixed time following 
container closure. Subsequent inspections and surveillance are performed 
with established frequencies. 

Baseline container weight and outer diameter are recorded as references for 
checking weight changes and container distortion. 

Surveillance of containers is performed to determine container integrity and 
condition of the contents. Tests can be either intrusive or non-intrusive. 
Non-intrusive testing methods can include the following: 

Digital radiography to observe oxide growth on plutonium metal, 
and bulges in the m a t e r i a l h u n ~  container, which indicate a 
pressure increase. 

Acoustic resonance spectroscopy to detect pressure changes. 

Weight measurements to detect oxide growth, which indicates a 
breach in the container. 
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I. 

Intrusive test methods include gas sampling of the space between the 
primary containment vessel and the boundary container to detect leaks in the 
boundary container. Destructive testing of sample containers also may be 
performed to evaluate the long-term performance of the container design. 

Actions taken for inspection and surveillance failures are in accordance with 
approved procedures and DOE reporting requirements. 

4.5 Documentation 

A. 

B. 

C. 

3) 

A schedule is maintained pf safety and accountability surveillance testing. 

A database is maintained to serve as a master list of relevant information 
about stored plutonium materials and containments. For completeness 
MC&A documentation is maintained along with the database. 

The database contains as a minimum: 

Identification of the following material characteristics: 

Chemical form and isotopic content 
Quantity 
Source of stored material (who generated the material) 
Specific process condition, 
LOItestmults 
Backfill gas composition and pressure 

e .Package configuration (material container and/or boundary container) 
Date and condition of packaging 
Radiation field 
other pertinent information relative to the contents 

Documentation of the types of inspection tests performed, individuals 
performing inspections, and the dates of inspection. 

Records of safety inspections 
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Figure I. Packaging Options for 50-Year Storage 

Option 1 
Plutonium is packaged in a material 
container. The material container (or 
containers) does not meet the criteria for 
boundary container. Thus, the material 
container(s) is sealed in a boundary 
container. The boundary container is then 
stored in a primary containment vessel. 

Container 

Material Material 
Container Containers . 

Option 2 
+ Plutonium is packaged in a materid 

container. The material container package 
meets the criteria for a boundary container. 
Thus, no additional boundary container is 
needed. The material container (or 
containers) is stored directly in a primary 
containment vessel. 

OR 

Material Material 
Container Conlainers 

- Barrier provided by the primary containement vessel 
Barrier provided by a boundary container 
Barrier provided by a material container that 
does not qualify as a boundary container 



APPENDIX A 

BASES FOR PLUTOIdUM STORAGE CRITERIA 

1.2 Scope 

Weapon grade, fuel grade, and power grade plutonium generally contain less than 3 percent 
plutonium-238. (Higher concentrations of plutonium-238 present both radiation and 
heat-removal problems.) 

Power grade plutonium contains higher concentrations of higher plutonium isotopes than 
plutonium-239 resulting from the prolonged neutron irradiation of target elements. It does 
not include recycle Mixed Oxide (Mom fuel. 

The minimum 50 weight-percent value for plutonium in oxides is based on analyses of the 
plutonium inventories throughout the DOE Complex. Most oxides are either rich (>70% 
Pu), or lean (40% Pu). The 50 weight-percent value is considered a minimum value, as 
indicated in the presentation of the Team Summary Report on the Complex-21 Plutonium 
Storage Facility Materials Identification and Acceptance Criteria (MIAC) at the 
Albuquerque, NM, workshop in May 1993. Section I of the "Assessment of Plutonium 
Storage Safety Issues at Department of Energy Facilities" @OE/DP-O123T) states that 
residues less than 50 weight-percent Pu are excluded. 

4.1 Material Chemical Form 

4.1.Al Metal or stabilized oxide can be stored safely for long periods of time as 
discussed in the Assessment Report. 

4.1 .AB Ultimate disposition of the stored plutonium is currently undefined. If 
the plutonium materials are to be used in civilian applications, such as 
for reactor fuel, the material may quire some processing before use. If 
the material is to be d i d e d ,  the criteria for discard-quire 
development. Encapsulating plutonium in inert materials, such as by 
vitrification, is not considered in these criteria. 

4.1 .A3 

4.1 .B. 1 

This is to minimize the number of containers required for storing 

The specified thickness and surface area are discussed in the 
Assessment Report, Section ILF, "Pyrophoricity" and Section V.B.1, 
"Chemical Reactivity." @OEDP-O123T) 

Only loose oxides arc considered detrimental. An oxide layer which 
adheres to-the stored metal is considered beneficial because it retards 
further oxidation. Prior to repackaging, loose oxide may be removed 
from the metal by brushing. 

The Assessment Report, Section II.B, describes the reactions of 
plutonium metal with moisture, resulting in its degradation and creation 

' plutonim 

4.1 .B.2 

4.1 .B.3 
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of pyrophoric hydrides (see Section II.C of the Assessment Report) in 
the container. 

4.1 .C. 1 The Assessment Report, Section II.B, states that temperatures up to 
1,OOO OC (1,832 OF) are necessary to remove adsorbed and chemically 
bound water. 

4.1.C.2 The Assessment Report, Appendix C and Appendix D, provide 
calculations for deteImining loss on ignition values (LOI). 

4.1 .C.3 The Assessment Report, Section VI.B provides the permissible limit for 
storing qualified, stabilized oxides. Section VI.B proposes criteria for 
minimizing moisture for both oxide and metal handling and storage. 

4.2 Packaging Criteria 

The packaging criteria are based on requirements developed for the Complex-21 Plutonium 
Storage Plant. 

4.2.1 Plastic bags are no longer allowed for packaging plutonium for long-term storage. 
Material containers will be in direct contact with stored plutonium (metal or oxide). 
The containers hold plutonium, and transfer plutonium out from glovebox 
confinement. The material containers do not have to be fiee of contamination if 
they are placed inside a boundary container. The dimensional limits for material 
container are based on the boundary container design. 

. 4.2.2 A container removed from a plutonium glovebox may be contaminated by the 
materials in the glovebox. Because plastic bags will not be used to bag-out 
containers for long-term storage, an additional container may be required to provide 
the barrier. 

4.2.2A This requirement serves two purposes. First, it enable the assembly and 
welding of the primary containment vessel to be performed clean. 
Second, since the surfaces inside the primary containment vessel are 
free of transferable contamination at time of packaging, subsequent 
detection of radioactivity during gas sampling can be used as an 
indicator of botindary container failure. 

4.2.2B The dimensional limits for the boundary container are based on the 
primary containment vessel design. The primary containment vessels 
will be fabricated from 5 inch schedule 40 pipes that has an inner 
diameter of 12.7 cm (5 inches). The available volume in the boundary 
container is 3,424 cm3 ( 209.7 id). Storing 4.5 kg of metal plutonium 
in this boundary container would take up about 7 percent of the 
con@iner space. 

Leak testing of containers is necessary to ensure hermetic seals. 4.2.2C 

4.2.2D The requirement for a corrosion resistant boundary container is based on 
operational experience and current evaluations of technology for storing 
plutonium materials. 
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4.2.2E1 

4.2.2E2 

, 4.2.2F1 

4.2.2F2 
I 

4.2.2F3 

The Assessment Report, Section II.D,'describes the radiolytic effects 
with plastics, hydrogenous compounds, and organic materials in long- 
term storage of plutonium. Long-term storage requires exclusion of- all 
of these materials from all containers. 

An inert atmosphere provides several functions. First, it precludes 
oxygen, moisture, or other reactive gases from being trapped in a 
storage container, which could produce reactive and corrosive 
compounds or gases that increase the pressure in the container. 
Secondly, an inert atmosphere assists in the removal of decay heat from 
the contents to the surroundings. Finally, the gas functions as an 
internal tracer necessary for leak-checking operations. Ideally, an 
internal atmosphere should consist d y  of helium because it is inert, 
has the highest thermal conductivity of the inert gases, and is excellent 
as a leak test tracer gas. 

The contents of the boundary container need to be identified both on the 
container and in the database. Proper container identification is needed 
not only for storage safety, but also for Materials Control and 
Accountability. 

Future personnel exposure resulting from retrieval of stored plutonium 
should be minimi7ed 

QA requirements are to be developed. 

4.2.3 Primary Containment Vessel Criteria 

4.2.3A. 1 

4.2.3A.2 

4.2.3A.3 

4.2.3A.4 

4.2.3B 1 

Dual use of the storage container as a primary containment vessel for 
shipping reduces'costs, and avoids the additional personnel exposure, 
operational risk, and waste generation associated with repackaging 
material for shipping. 

For the storage container to also be the primary containment vessel for 
shipping plutonium offsite, it has to meet packaging and transportation 
requirements. United States Code of Federal Regulations, Title 10, Part 
71 (10 CFR 71) and Title 49, Part 173 (49 CFR 173) pertain to 
transportation of radioactive materials. DOE 5480.3 sets out additional 
Department of Energy requirements for transportation of radioactive 
material. 

The maximum fissile unit for an isolated sphere of pure plutonium-239 
that is water-reflected and has a 0.05 margin in is calculated at 4.53 
kg* 

Oxides and metals shall be packaged in an inner boundary container fne 
of organic or combustible materials and of external contamination. 

 he maximum ceticality-safe diameter for fissile plutonium is generall; 
regarded as 13.3 cm (5-1/4 inches). This diameter is the maximum 
allowed for the DOT Spec. 2R primary container for fissile shipments. 
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4.2.3B2 The maximum outer diameter of each primary containment vessel is the 
largest vessel diameter that will fit inside the secondq containment 
vessel of existing shipping packages, e.g., SAFKEG, 9968. 

4.2.3B3 The maximum height of each primary containment vessel is the ghest 
vessel that will fit inside the secondary containment vessel of c ting 
shipping packages, e.g., SAFmG, 9968. 

A storage container must be purged during closure weld ope Jons. An 
inert purge prevents oxidation of the weld metal on the inte- .r of the 
container and ensures weld quality. A purge also vents w: mg fumes 
to prevent pressure buildup inside a container during close 2 operations. 
Evacuation and back-fill allow a non reactive gas atmosphere inside the 
sealed container after the closure weld has been made. 

4.2.3C.1 

4.2.3C.2 If a vessel has been in storage, gas sampling is required prior to 
shipping.. Gas composition and primary containment vessel pressure 
axe indicators for detecting leaks. Gas sampling also may be required 
during storage for statistical container integrity evaluations. Original 
vessel integrity must be ensured for transportation and continued long- 
term storage. 

Each vessel design must account for nondestructive examination 
techniques. This will emure that each container can be examined 
nondestructively and ensure vessel integrity. 

ANSI N14.5, American National Standard for Radioactive Materials - 
Leakage Tests on Packages for Shipment, specifies test methods to 
demonstrate that shipping packages comply with the containment 
requirements of 10 CFR 71. The maximum leak rate is 1 x 10-7 std. 
cc/sec air. 

4.2.3C.3 

4.2.3C.4 
. 

4.2.3C.5 All welded closures and ports provide the highest integrity and longest 
life seals possible. It eliminating gaskets, which am prone to 
degradation and leakage, and mechanical devices such as bolts or 
screwed connections that are prone to wear, creep relaxation, seizure, or 
other mechanical failure. 

4.2.3D. 1 Shipping containers shall comply with ASME Boiler and Pressure 
Vessel Code as specified in Nuclear Regulatory Commission 
NuREG/CR-3019, "Recommended Welding Criteria For Use in the 
Fabrication of Shipping Containers for Radioactive Materials and 
NUREG/CR-3854, Fabrication Criteria for Shipping Containers." 
These documents specify fabrication in accordance with Section III of 
the ASME Code with modifications for shipping container application. 
These requirements also axe cited in DOE UCDD-21218, Packaging 
Review Guide for Reviewing Safety Analysis Reports for Packaging. 

In addition, DOE Order6430.1A requires safety class items for a 
plutonium storage facility to be fabricated to Section III of the ASME 
Code. The storage containers am expected to be classified as safety 
class items for mitigation of nuclear criticality. Final determination of 
safety class items will not be made until a safety analysis has been 
performed. 



4.2.3D.2 The requirement that each primary containment vessel is reusable after 
being open once will result in cost savings and waste reduction. Before 
a vessel is reused, its physical condition (e.g., structural integrity, 
damage, contamination) must be reevaluated to detennine if it is suitable 
for reuse. A container may be reused in routine unpacking and 
repackaging operations. A container could require reuse if the closure 
weld were found to be defective subsequent to the initial loading. This 
would require the weld to be cut out and the container rewelded. 

4.2.3D.3 A design life of less than 50 years would necessitate maintenance or 
repackaging of the vessel during the 50-year duration of storage. This 
would involve sign5cant cost, waste generation, operational risk and 
personnel exposure. 

Operating history shows that currently used containers are subject to 
corrosion. A corrosion-esistant container would minimize the potential 
for a breach in confinement by & h i z i n g  the potential corrosive effects 
of the contents on the walls of a container. Corrosion-resistant 
containers also will provide good surfaces for decontamination, if 
needed. 

. 

4.i.3D.4 

4.2.3D.5 The list of normal occurnnces consists of the events that are postulated 
as possible during routine handling within a storage facility. Each 
vessel shall be designed to withsiand these n o d  Occurrences and also 
meet the storage requirements. Actual occunences will qu i re  careful 
procedural evaluation prior to allowing a vessel into long-term storage. 
This is a design goal. 

4.2.3D.6 The list of abnormal Occurrences consists of the postulated design basis 
accident events that axe judged credible, but not likely to ~ccur within a 
plutonium storage facility. This requirement states that each vessel must 
remain leak-tight after such events. (However, damage to the vessel 
and its contents is likely and repackaging is expected to be necessary.) 

4.2.3E. 1 Design pressure is based on current specifications for 0.5 % maximum 
loss on ignition tests of plutonium o*de. The internal pressures could 
be generated by several mechanisms including helium generation by 
alpha decay of the plutonium, radiolysis products of residual adsorbed 
water or other contaminants, and temperature of 204OC (400OF) that 
result from a major facility fire. 

4.2.3E.2 The US. Code of Federal Regulations, Title 10, Part 71 (10 CFR 71) 
r e q h s  that each primary containment vessel be designed for 
submergence in 15.2 meters (50 feet) of water. An external pressure of 

. 147 Kpa (21 psia) is considered to meet these conditions. Each vessel 
shall be capable of evacuation for back-filling operations resulting in a 
minimum of 101 Kpa (1 atmosphere) of external pressure. 

The storage vault compartments are currently considered to be low fire 
hazard areas not requiring firexuppression system. The use of 
combustible materials in the vault compartments, such as packing 
materials, will jeopardize the low hazard classification. Combustible 

4.2.3F. 1 
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loading will be analyzed during the Fite Protection Design Analysis 
required by DOE 5480.7. 

4.2.3F.2 Long-term radiation exposure degrades organic packing materials. The 
magnitude of this effect depends on the specific material. Radiolysis of 
organic material can produce combustible or corrosive gases and 
increase pressures within sealed storage container. Also, radiation can 
change the composition of organic materials so that they no longer have 
the same dimensional, chemical, or physical properties and therefore do 
not perform their packing function as originally designed. 

4.2.3F.3 The transformation temperature of plutonium metal from the a-phase to 
the pphase is approximately 117°C (225 OF). The metal expands 
significantly during transfomtion, which is to be avoided. A container 
will provide sufficient heat dissipation to maintain a-phase plutonium 
metal below 100 OC (212 OF) in the shipping and storage environment. 

4.2.3F.4 An inert atmosphere provides several functions. First, it precludes 
oxygen, moisture, or other reactive gases from being trapped in a 
storage container, which could produce reactive and corrosive 
compounds or gases that increase the pressure in the container. 
Secondly, an inert atmosphere assists in the removal of decay heat from 
the contents to the surroundings. Finally, the gas functions as an 
internal tracer necessary for leakchecking operations. Ideally, an 
internal atmosphere should consist d y  of helium because it is inert, 
has the highest thermal conductivity of the inert gases, and is excellent 
as a leak test tracer gas. 

Design limit &based on the worst case pressurization scenario, which 
assumes 100% radiolysis of retained moisture, helium generation for 50 
years and 400°F temperature. (Free volume includes space interior to 
boundary andor material containers and the interstitial space of the 
oxide). For 4.5 kg (9.9 lb.) of plutonium as oxide, the minimum free 
volume required is 2.5 liters (153 in3). A primary containment vessel is 
required to have a free volume of 2.5 liters (153 ins) to provide space 
for gas generation and to ensure that the design pressure is not exceeded 
under worst case conditions. 

. 

4.2.3F.5 

4.2.30.1 Use of automated handling equipment would reduce personnel radiation 
exposure. Vessel design must be capable of interfacing with various 
types of automated handling equipment that might Ce used in future 
facilities. Such equipment includes stacker/rethievers, automated guided 
vehicles, and stationary robots. 

4.2.30.2 Bar codes will allow the automated remote inventorying of containers 
thereby minimizing personnel exposure and the time normally associated 
with this task. Containers should be traceable through all Stages of 
handling within the vault preparation areas as well as in the vault 
compartments themselves. 



4.2.3G.3 

4.2.36.4 

4.2.36.5 

4.2.36.6 

4.2.3G.7 

A bar code should remain intact for the life of a facility to ensure the 
positive identification of each vessel and its contents at all times. 

Many types of positioning sensors for automatic handling require 
contrasting colors for recognition. Stray markings or discoloration on a 
container confuse or misguide automated handling equipment. 

A vision target (bar code) must have a distinct and contrasting color 
relative to the container to be recognizable by automated remote handling 
equipment. Markings must be permanent so that routine replacement 
can be avoided. 

Material Control and Accountability inventorying performed by 
automated equipment within a storage vault will reduce personnel 
radiation exposure. Security will also be inqreased by minimizing 
human access into the vault. The vessel and attached fixtures must be 
designed to permit access by in-situ accountability instruments. 

QA requirements are to be developed. 

4.3 Storage Facility Criteria 

4.3.A Basis is DOE 6430.1A 

4.3.B Basis is DOE 6430.1A 

4.4 InspectiodSurveillance Criteria 

Items in this section are based on the NRC Inspection and Enforcement Manual, Inspection 
Procedures 61700,61701 and 61725. 

4.5 Documentation Criteria 

Based on sound Records Management practices within the nuclear industry. 
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