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Hazards Analysis For The Plutonium Finishing Plant
Polycube Stabilization Process

Key Words: Hazards analysis, stabilization, polycube, 2736-Z building

Abstract: A hazards analysis was performedto identify and evaluate hazards
associated with the stabilization of plutonium-bearing polystyrene cubes and fragments
("polycubes”). This document describes the methodology and presents the results of
the hazard analysis performed. The Hazards and Operability Study (HazOp) technique
was used to identify the hazards associated with the polycube stabilization process.
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1.0 INTRODUCTION

A hazards analysis was performed to identify and evaluate hazards associated with the
stabilization of plutonium-bearing polystyrene cubes and fragments ("polycubes™). This
document describes the methodology and presents the results of the hazard analysis performed.
The Hazards and Operability Study (HazOp) technique was used to identify the hazards
associated with the polycube stabilization process.

The scope of the HazOp included activities starting with the retrieval of the polycube
storage containers from the vaults in the 2736-7 Building. The final process is either transfer of
the stabilized materials to the Room 235B Glovebox HA-53BTS Bagless Transfer System (BTS)
for welding into a Bagless Transfer Can (BTC) or, transfer of Stabilized materials to Glovebox
HC-18M for placement into slip-lid cans to be sealed out and canned in two clean cans, the last
one being a 7-in. Food Pack Can (FPC). The Seal-out process is performed from either glovebox
HC-18M or HC-13MD.

The BTS system does not use a seal-out process. The material is inserted into a can that
is open to the glovebox through a sphincter port, with most of the can outside the glovebox. A
hollow can lid is inserted into the can and welded in place. The welded can is released by cutting
the can through the welded closure, the hollow lid forming a seal for both the BTC and the
remnant.

2.0 HAZARD ANALYSIS

The methodology and results of the PFP polycube stabilization process hazard analysis
and evaluation are presented in this section. A hazard analysis is a structured, systematic
examination of a system, process, or procedure during which hazards, causes, effects, and
corrective and/or preventative measures are identified. The resulting identified hazards are then
evaluated and placed into Accident Groups, based on the initiating event and the resulting
consequences of the hazard.

2.1 Polycube stabilization Process Hazard Identification Methodology

A Hazards and Operability study (HazOp) was selected as the method by which to
identify the hazardous conditions associated with the polycube stabilization process. A HazOp
study is a discovery technique in which a group of experts is guided systematically through an
examination of the basic elements of a system, process, or procedure. During this process,
hazardous conditions of interest are identified, potential causes and consequences of the hazards
are evaluated, and possible corrective and/or preventive measures are proposed. Engineered and
Administrative Safety Features are not credited in assignment of consequence rankings during
the study sessions. This allows for determination of Safety Class (SC)and Safety Significant
(SS) equipment or controls, if warranted by the consequences.
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The team of experts for the polycube stabilization process HazOp Study consisted of
process and plant engineers who are designing the system, plant operators who are familiar with
the process and the facility, and hazard and accident analysts, plant engineering management,
and consultants familiar with both the process being analyzed and the hazards analysis process.
Short resumes of HazOp team members are presented in section 2.3.

A HazOp Study form is used to record the findings of the team. The form used for the
polycube stabilization process HazOp is shown as Table 1. The HazOp Study Form is used to
record the following data:

Column 1, Node ID #: A unique alphanumeric identifier assigned to each hazardous condition
which permits cross-referencing information contained from the HazOp with the accident tables
that are generated later in the hazard evaluation process.

Column 2, Node Description: Defines the parameter being evaluated in any particular study
node.

Column 3, Deviation: Defines and describes the condition applied to the parameter being
evaluated, using both guide word and specific parameters. The examination of deviations is
structured through the use of standard guide words, which can be adapted as needed to match any
particular process variable The deviation guide words (and their generic meanings as used
during the HazOp) are:

No, Not, None Negation of the design intent; "No" is almost always the worst case
of "Less".

Less, Low, Short Quantitative decrease in the process variable. Generally taken to
mean a large enough decrease to cause a consequence of interest.

More, High, Long  Quantitative increase in the process variable. Generally taken to
mean a large enough increase to cause a consequence of interest.

Part of Qualitative decrease in the process variable. Can mean the
introduction of another substance to a mix, or achange in a
standard pre-existing mixture ratio, etc.

As Well As, Also Qualitative increase in the process variable. Can mean addition of
another substance to a mix without a change in the pre-existing
constituents.

Other Than Complete substitution in the process variable

Reverse Logical opposite of the process variable.
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Other guide words were introduced as needed to fit specific situations, such as Leak,
Rupture, Loss of Containment, Reaction, Ignition Source, Sampling, Startup, Shutdown, and
Maintenance/Testing. These determinations were made during the meeting, when the need for
use of these extra guide words during the HazOp session was reasonably obvious. Note that not
all guide words made sense or were able to be used with all process variables.

Column 4, Possible Causes: Lists the possible causes of the parameter deviation being
evaluated.

Column 5, Hazardous Event/Failure Mode: Describes the hazard or accident resulting from
the parameter deviation.
Column 6, Consequences: Describes the consequences of the hazard or accident.

Column 7, Cons Rank: Consequence Rank contains a qualitative estimate of the result of the
event, assuming that no controls, engineered or administrative, are present. However, naturally
occurring phenomena that limit the consequences of an event are assumed to take place ("rules of
the universe"). This consequence ranking is a "first cut,” qualitative, consensus estimate of the
safety severity of the consequences. These rankings (as taken from HNF-SD-CP-SAR-021,
Plutonium Finishing Plant Final Safety Analysis Report (PFP FSAR (FDH 1999))are as follows
(inincreasing order of severity):

O] No effect outside the glovebox confinement systems; negligible safety concerns
for the facility worker.

S1 Potential industrial injury, low radiological or chemical exposure dose
consequences to the facility worker.

S1*  Potential severe harm or potential death from industrial injury, radiological dose
or chemical exposure to the facility worker. Hazardous conditions sufficient to
cause severe harm or death to facility workers are typically associated with events
which may result in significant pressurization of or damage to the glovebox
structure with potential release of radiological material. Therefore, events with
sufficient energy to impact the glovebox in a manner which may cause a
significant release of radiological material from a glovebox are assigned an S1*
consequence rank. This is a conservative approach since such events will not
necessarily result in harm or death to facility workers.

S2 Potential significant radiological dose consequences or chemical exposure to
onsite workers located outside the facility.

S3 Potential significant radiological dose consequences or chemical exposure to the
offsite population.
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Engineered safety features and controls specific to the processing of polycubes are not
credited in assigning the above consequence rankings. The consequence ranking assigned to the
hazardous event aids in determining whether controls should be designated Safety Significant
(SS) or Safety Class (SC).

The effects of energetic events on the glovebox structure are assessed to determine if the
hazardous event can compromise the SS confinement function provided by the glovebox
structure and ventilation system. Similarly, the 2736-Z and 234-5Z Building structures are
credited with protecting onsite workers and the offsite public outside PFP from accidents that
breach glovebox confinement.

Column 5, Freq Rank: Frequency Rank is a "first cut," qualitative, consensus estimate of the
frequency of the hazardous condition (also referred to as "event™), assuming that no engineered or
administrative safety features are present. These rankings (as taken from the PFP FSAR (FDH
1999)) are as follows (in increasing order of likelihood):

FO Events categorized as "beyond extremely unlikely," with a frequency of less than
1x 10%yr. Events in this category (such as a meteor strike) are so unlikely they
generally do not require special controls.

F1 Events categorized as "extremely unlikely," with a frequency range of 1 x 10°/yr to
1x 10"/yr. Events in this category are not expected to occur during the lifetime of the
facility.

F2 Events categorized as "unlikely," with a frequency range of 1x 107/yr to 1 x 10"%/yr.
Events in this category could occur during the lifetime of the facility but with a low
probability.

F3 Events categorized as "anticipated," with a frequency range of 1 x 107%/yr to 0.1/yr.
Events in this category could occur one or more times during the lifetime of the facility.

Column 9, Engineered Safety Features: Lists existing hardware design features that could
mitigate or prevent the event being considered.

Column 10, Administrative Safety Features: Lists administrative controls that could mitigate
or prevent the event being considered.

Column 11, Remarks: The remarks column is used to record information that the team judges

to require documentation. This can include, but is not limited to, assumptions about facility
operation or recommendations for changes in the planned design or operation.
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2.2 Hazard Analysis Results

A HazOp study was performed on October 25 and 26,2000, to identify the hazards
associated with the polycube stabilization process. The process was broken down into eighteen
nodes for this HazOp study. Each node is either a portion of the system or an action occurring
within a portion of the system. The nodes are:

Remove Polycube Containers from Storage

Transport Polycube Containers to Room 230-B

Sphincter Polycube Containers into Glovebox HC-21A

Open polycube Containers in Glovebox HC-21A

Remove polycubes from Containers and Place in Furnace Boats

Transport Polycube in Furnace Boat to Furnaces in Glovebox HC-21C via

Glovebox Conveyor HC-2

7. Stabilize Polycube in Furnace in Glovebox HC-21C

8. Remove Furnace Boat and Transport to Glovebox HC-18M or HA-20MB

9. Sieve/Sample Stabilized Polycube Materials

10.  Store Polycube Materials in Gloveboxes 18BS or ISM during Sample Analysis

11. Bag-Out Samples from Glovebox 18M or 13MD

12.  Transport Samples to Analytical [.ab

13.  Transport Samples to SFE Glovebox via Conveyors HC-2, -3, -4, and -28

14.  Transport Confirmed Stabilized Material to Rm. 235 BTS for Seal-out

15.  Place Confirmed Stabilized Material into FPC and Seal-out from Glovebox 18M
or 13MD

16.  Natural Phenomena Hazards

17.  Startup, Shutdown, Maintenance, and Construction Hazards

18.  “HotBoxing”

ok wn—

The results of binning by accident groups and sorting by the consequence rankings from
the HazOp table are presented in section 2.4.3. For each group, all S1* and S2 events are sorted
out and collected into a subgroup for evaluation as accidents. All S1 events in each group are
collected into a second subgroup for evaluation as abnormal operations. Finally, all SO events in
each group are collected into a third subgroup identifying events with negligible consequences.
Categorizing hazardous events as either “abnormal operations” or “accidents” is consistent with
the NRC Regulatory Guide 3.39 format of the PFP FSAR (FDH 1999). In this way, every
hazard was binned into one of the accident groups and sorted by its consequence ranking.

2.3 Polycube Stabilization Process HazOp Participant Biographies

This section contains the professional biographies of the participants of the PFP Polycube
stabilization Process HazOps conducted October 25 and 26,2000.
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David M. Carson - Process/Specialty Engineer II, SAR Engineering Services

Mr. Carson is currently employed in the SAR Engineering Services section of the Safety
Analysis and Nuclear Engineering group of Fluor Federal Services, and acted as leader/facilitator
of the session. He has eight years of Nuclear Reactor Operator experience, having been a
certified Operator at N Reactor, followed by nine years of Technical, Procedure, and Manual
writing and editing experience from Tank Farms, Effluent Treatment, the Spent Nuclear Fuel
Canister Storage Building, and Specialty Engineering. Mr. Carson has received training in
process hazard analysis using the HazOp and What If techniques, has led process hazard analysis
sessions using these techniques, and has participated in development of these process hazard
analysis techniques as used in Specialty Engineering.

Martin Prisc - B&W Hanford Company. Engineer

Mr. Prisc has 30 years experience working at the Mound Facility in the process development and
analytical sections. For over 15 years his experience includes involvement with Safety Analysis
and Risk Assessments, USQ and FSAR documentation, and as a member of the Safety Overview
Committee. Mr. Prisc has a Master of Science degree in Inorganic Chemistry from the
University of Cincinnati located in Cincinnati, Ohio.

David A. Himes — B.S., Engineering Physics, M.S. (Nuc. E.), Ph.D.{Nuc. E.. minors E.E. &
M.E.)

A total of 25 years experience in nuclear reactor and radioactive waste facility operations and
analysis including health physics and safety. Includes 6 years experience in nuclear reactor
operations (with 3 years as a nuclear submarine officer in the U.S. Navy), and over 22 years
experience in the fields of reactor fuel testing and evaluation, analytical modeling, and
radiological and toxicological safety analysis. Former licensed nuclear research reactor operator.
Sixteen publications on gamma spectroscopy, thermophysical properties of nuclear reactor fuel,
nuclear waste disposal, and radiological and toxicological accident analysis.

Robert M. Marusich, Fluor Federal Services, Inc. — Engineer, Safety Analysis and Risk
Assessment

Mr. Marusich has over 28 years experience in safety analysis. Mr. Marusich's experience
includes both commercial reactors and DOE nuclear and non-nuclear facilities. He was also
contributor and later manager of the Probabilistic Risk Assessment (PRA) Group at Consumers
Power Co. in charge of the Palisades and Big Rock Point PRAs. Mr. Marusichs area of
expertise is consequence analysis. He has performed consequence analyses for many of the
processes performed within each of the Hanford facilities. Mr. Marusich has been performing
consequence analysis for PFP for 11 years and has worked on numerous processes within PFP.
Mr. Marusich has a B.S. and M.S. in Nuclear Engineering from the University of Wisconsin.
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Scott W Harder, Fluor Hanford. Inc. - Nuclear Chemical Operator (Lead Worker)

Scott Harder is a NCO assigned to PFP since January 93. Scott was assigned to Thermal
Stabilization when it first began in the fall of 94. He has been a working lead in Thermal
Stabilization since June of 97.

Errol P. Bonadie - Engineer 11, Vault Operations and Product Handling Cognizant Engineer

Mr. Bonadie holds a Bachelor of Science in Chemical Engineering from Pratt Institute;
Brooklyn, New York and has worked at the Plutonium Finishing Plant since coming to Hanford
on May 23, 1983, as a Senior Engineer. Mr. Bonadie has been concerned with Process
Engineering and worker safety during the Operations of the Plutonium Reclamation Facility and
Remote Mechanical C-Line, as well as, shipments of metal product from Hanford. Errol has
been Cognizant Engineer for Vault Storage, Product Handling and Shipping since 1990. As
Product Handling Cognizant Engineer, Mr. Bonadie has authored and/or maintained operating
procedures for handling and moving Special Nuclear Material (SNM). Mr. Bonadie's previous
experience was ten (10) years as a chemical engineer for Diamond-Shamrock Corporation
Research Center in Painesville, Ohio; chlorine and caustic production in Muscle Shoals,
Alabama; the International Division in Morristown, New Jersey, and special sulfonates
production in Carlstadt, New Jersey.

Charles R. Zook. Fluor Federal Services, Inc. - Lead Mechanical Engineer, Transition Proiects &
Site Engineering & Construction Services

Mr. Zook has 35 years experience in mechanical engineering, project management, and program
management in both private industry and government. He is currently the Lead of the
Mechanical Engineering for Fluor Federal Services in the Transition Projects & Site Engineering
& Construction Services division. He has been responsible for the design of a number of
environmental, process, and remote handling projects, performing as the Principal Lead Engineer
on many of these projects. Mr. Zook has extensive experience in the field of remote handling,
including robotics, electromechanical cranes, and manipulators. He also has significant
experience in the administration of engineering costs and schedules, and has established a
successful record of completing projects within cost and schedule.

Paul Rittman, Fluor Federal Services. Inc. - Dose Rate Estimator, Safety Analysis and Nuclear
Engineering

Paul Rittmann is currently employed in the Safety Analysis and Nuclear Engineering Group of
Fluor Federal Services. He is currently assigned the ALARA evaluation for polycube processing,
and participated in the initial portion of the session to learn more about the proposed handling of
polycubes. Paul has been employed as an analyst at Hanford for the last 20 years. He has
experience with radiological engineering, low-level waste performance assessment, emergency
planning, and safety analysis. Paul has a doctorate in theoretical physics and is a member of the
American Academy of Health Physics.
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Robin Scott, Fluor Hanford, Inc. - NCO. WAVS

Mr. Scott is an experienced Nuclear Chemical Operator at the Plutonium Finishing Plant.

Pam Miller. Fluor Hanford, Inc. - NCO. Thermal Stabilization Support Team

Ms Miller has been a Nuclear Chemical Operator at the Plutonium Finishing Plant for nearly 12
years. She spent 7 of those years in the PFP Solid Waste Operations Group and the past 2 years
have in Thermal Stabilization. She participated in the ORR for Thermal Stabilization restart, and
the Readiness assessment for the Bagless Transfer System startup. She has also recently been
certified in the Bagless Transfer System.

Dwayne Speer. Fluor Hanford, Inc. - Proiect Manager, Metals, Oxides. and Polvcubes
Stabilization, PFP

Mr. Speer has been at the Plutonium Finishing Plant for the past two years where he participated
in the restart of materials stabilization at the facility and has provided leadership and
management of oxides and metals stabilization. Prior to coming to PFP he was the Manager of
the B Plant/WESF Baseline Control group during the deactivation of that facility. He has also
been the Project Manager for the Hanford Liquids Effluents characterization and remediation
efforts in compliance with Consent Order DE 91NM-177 with the Washington State Department
of Ecology. Mr. Speer spent six years as Decommissioning Engineering Manager and three
years as Decommissioning Activity Manager with Westinghouse. Mr. Speer's formal education
is as a Health Physicist and he spend the first ten years of his career performing formal Health
Physics assessments.

Jeffry P. King, Fluor Hanford, Inc. - Operations Specialist, PFP Technical Support Authorization
Basis Team

Mr. King is the PFP Operational Safety Requirements representative with the Nuclear Materials
Stabilization Project Authorization Basis Technical Support Team. He is also an Unreviewed
Safety Question Core Evaluator and participated in reviews and USQ development for initial
polycube oxidation demonstration test plans. Mr. King has extensive experience in PFP
Operations including five years as a Senior Health Physics Technician during start up of the
2736-ZB Building, Plutonium Reclamation Facility and Remote Mechanical "C" Line operations
in the 1980's. His PRF processing experience included the previously used Miscellaneous
Treatment Glovebox # 4 polycube plutonium recovery process. Mr., King's training background
includes the Nuclear Technology program at Columbia Basin College, Root Cause Analysis,
Risk Evaluation, Surveillance Methodology, Auditing Methods for Auditors, and Hazardous
Waste Shippers Certification. He has been involved with PFP Authorization Basis document
development since 1993,
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H.R. "Rees" Risenmay, Fluor Hanford. Inc. - Cognizant Engineer, Thermal Stabilization Support
Team

Mr. Risenmay has 16 years experience at the Hanford site. His experience has been in the
Chemical Engineering Laboratory, the PUREX plant, the U03 plant, and the PFP plant. His
experience is mostly in process engineering with detailed knowledge of the processes and safety
aspects for each plant. Mr. Risenmay has a Bachelor of Science Degree in Chemistry from
Brigham Young University and a Bachelor of Science Degree in Engineering with chemical
engineering emphasis from the University of Washington.

Thurman D. Cooper, Fluor Hanford, Inc. - Chemist, PFP Plutonium Process Support
Laboratories

Mr. Cooper is currently employed in the Plutonium Process Development Laboratory of the PFP
Plant of Fluor Hanford Co., and is a plutonium chemist. He has eight years of experience as a
radiochemist at Oregon State University, 4 years experience as a radiation control group
manager, and 24 years of experience as a plutonium development chemist. Mr. Cooper
received a BS degree in general chemistry and an MS degree in Radiochemistry from Oregon
State University. His practical experience and "on the job" training at PFP in plutonium
chemistry has made him an expert in that field.

2.4 Accident Group Selection

The hazardous events identified by the HazOp process are segregated into accident
groups in a process known as "binning"”. This process of grouping the hazards is the starting
point for the quantitative accident analysis process. The results of that type of analysis are
compared to applicable regulations and requirements for systems, structures, and components to
determine the necessary Safety Class and Safety Significant components. Accident selection
methodology is provided in section 2.4.1. Generalized summaries of the accident groups
assigned for the polycube stabilization process are presented in section 2.4.2. The resulting
accident binning for the polycube stabilization process is provided in Section 2.4.3.
Representative Accidents for the polycube stabilization process are described in section 2.4.4.

2.4.1 Accident Selection Methodology

The selection of accidents for quantitative analysis was performed using a binning
process, as recommended by Preparation Guide for U.S. Department of Energy Nonreactor
Nuclear Facility Safety Analysis Reports, DOE-STD-3009-94 (DOE 1994) and Hazard and
Accident Process, HNF-PRO-704 (HNF 1999). All accidents are binned according to the
potential accidents identified in the HazOp table (Appendix A). The binning is based on
grouping similar hazardous conditions that challenge similar barriers. The potential accidents
were grouped into eight bins, summarized below; a listing of all accident groups considered
during binning is shown in Table 2. Matching characteristics for the specific hazards to these
respective bins was completed using the same ID as in the HazOp tables. The results of the
binning are presented in section 2.4.3. From each accident bin, existing hazardous conditions
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with consequence rankings of S1* or greater are grouped as "accidents", and from these a
"Representative Accident” is chosen to undergo further analysis. The chosen Representative
Accident is usually that accident with the highest combination of consequence and frequency,
though more than one Representative Accident may be chosen for each accident group, if
grouped accidents with similar consequences result from very different causes. Any accidents
that are unique to the process being evaluated are always analyzed, Selection of Representative
Accidents for the cementation process are presented in section 2.4.4. A general flowsheet
schematic for the accident selection process is shown in Figure 1.

2.4.2 Accident Group Summaries

A generalized summary of the accident groups assigned to hazardous events for the
polycube stabilization process includes:

Group Al — Process Upset — No Worker Impacts. The four SO events identified by the
HazOp in this group are production upset events which do not result in the release of radiological
material or in a significant increase in worker exposure, but the occurrence of the events degrades
the normal operation of the polycube stabilization process and possibly decreases product output.

Group A2 — Process Upset — Worker ALARA concerns. The HazOp identified eight S1
Abnormal Occurrences and one SO process upset. These events are of a somewhat more serious
nature than those of Group Al, and are characterized by an increase in worker exposure due to
increased time spent near or handling the polycubes which, on average, have a high doserate.
Dealing with the upset often results in additional dose to facility workers, especially in the
cleanup or repair process where additional worker doses are incurred.

Group B — Radiological Release Inside Glovebox. The HazOps identified five S1
Abnormal Occurrences in this group. Events considered in this group take credit for the
mitigative containment of the glovebox. The principal control is the maintenance of a negative
pressure differential between the glovebox and the surrounding room. Release of radiological
material to the glovebox ,while not a danger by worker inhalation, does increase sources of
direct radiation and, in a similar manner as Group A2, results in additional worker exposure as a
result of recovery operations.

Group C - Radiological Release From Glovebox. The HazOps identified three
Abnormal Occurrences (S1) in this group. The Abnormal Occurrences relate to a ruptured
glovebox glove which produces a radiological release to the room.

Group D1 — Deflagration in Glovebox. The HazOp identified two S1* accidents resulting
in a deflagration inside the glovebox. The accident involves a loss of power (thus a complete
loss of ventilation and vacuum) while polycubes are being heated in the furnace, at the time that
temperatures are in the range of maximum flammable gas production. This flammable gas could
flow out of the furnace door into the stagnant glovebox, where it may attain a concentration
above the Lower flammability Limit (LFL), creating conditions for a possible deflagration within
the glovebox.
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Group E — Criticality. Three SO negligible safety concerns criticality concerns were
identified in this group, all related to material spacing.

Group F1 — Fire in Glovebox. The HazOp identified seven SO negligible safety concerns,
involving ignition of flammable gases or the polycubes themselves during heating in the furnace.

Group G - Industrial Hazards. The hazards in this group are the same ones faced by
workers in standard industrial activities, such as falls, burns, shocks, and including to some
degree, exposure to chemical hazards. Four S1 Abnormal Occurrence were identified in this
accident group, all involving hand injuries.

Group J — Radiological Release Inside Facility. Nineteen S1 Abnormal Occurrences
were identified in this group. All events relate to drops of or leaks from the vented polycube
storage cans in the vaults during retrieval.

Group NPH — Natural Phenomena Initiator. The HazOp identified one S2 accident and
one S1 Abnormal Occurrence in this accident group. The NPH group includes events resulting
from natural forces such as earthquakes, rain, snow, flooding, high winds, and fires.

2.4.3 Accident Binning Results

The polycube stabilization process HazOps identified 83 hazardous conditions, of which
1 was identified as 82, 2 as S1*, 40 as S1, 15as SO, and 25 as N/A (which indicates either no
hazard, or no such condition, but were included in the HazOp for completeness).

Results of the accident binning are presented in tabular form as Table 3. Representative
Accidents (See section 2.4.4, below) are indicated with bold type. The Abnormal Occurrence
selected for evaluation is presented in Section 2.4.5.

2.4.4 Representative Accident Selection and Basis

The following accidents have been selected as Representative Accidents, requiring further
analysis. They are:

PCS-7.7.1 A total loss of plant power results in the loss of all ventilation in the glovebox
(from loss of the E4 system) and furnace (from loss of the 26-in Hg vacuum
system) at a time that the furnace is in the temperature range corresponding to
maximum flammable gas production from the polycubes being stabilized.
This flammable gas could flow out of the furnace into the stagnant glovebox,
where it may attain a concentration above the LFL, creating conditions for a
possible deflagration within the glovebox.

This accident was selected as a Representative Accident for accident group D1,
"Deflagration in Glovebox™ because it has potentially the largest energy release of all accidents.
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PCS- 16.1.2 A seismic event causes Glovebox HC-21C to topple or fail, causing operator
injury and a release of radioactive materials to the environment.

This accident was selected as the Representative Accident for accident group NPH
"Natural Phenomena Hazards" because it has the largest potential consequence of any identified
accident.

2.4.5 Abnormal Occurrence Selection and Basis

One Abnormal Occurrence (PCS - 16.1.3)has been selected for further evaluation. This
Abnormal Occurrence involves a seismically-induced fire in the furnace glovebox. This
Abnormal Occurrence will be evaluated to determine if any significant addition to the seismic
release occurs due to the fire.

2.5 Effect of Polycube Stabilization Process on Existing PFP Accidents

The previous sections discussed the new accidents and abnormal occurrences identified
through the HazOp process associated with polycube stabilization process operations. In
addition, an evaluation is required to determine if the initiation of polycube stabilization process
operations has any impacts on the accidents and abnormal events analyzed previously in the PFP
FSAR (FDH 1999). In order to examine the incremental doses that may accrue from operation
of the polycube stabilization process to the existing abnormal operations and accidents analyzed
in the PFP FSAR, each abnormal operation and accident analyzed in the FSAR has been
evaluated for impacts assuming operation of the polycube stabilization process. This evaluation
is documented in Table 4 for abnormal operations and Table 5 for accidents. As can be seen
from the tables, effects on abnormal operations and accidents currently analyzed in the FSAR are
not expected from operation of the polycube stabilization process, except for the seismic event.
For the seismic event, polycube stabilization process operations will result in an addition to the
plant release; the exact amount of the addition is currently undergoing analysis, which will be
documented in Accident Analysis for the Plutonium Finishing Plant Polycuhe Stabilization
Process, HNF-7288 (FH 2000).
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Figure I: Accident Selection Process Flowsheet

A HazOp was used to identifying hazards of polycube
stabilization process operations and related PFP

activities

Hazards and Operability Study

1

List of Accidents or abnormal occurrences
classified by consequence and frequency

l

Sort Accidents by "TYPE" and
"CATEGORY”

1

Perform conservative and simplified
calculation of consequences for
determination of LEVEL OF
SIGNIFICANCE

Develop "REPRESENTATIVE" (bounding)
accident or accidents for each "TYPE"

1

Review list of remaining accidents and
identify "UNIQUE accidents

Consequence and frequency are qualitatively
evaluated.

"TYPE relates to the atitiident phenomena - (fire,
explosion,

LEVEL OF SIGNIFICANCE implies a potential
consequence that approaches risk evaluation
guidelines.

Selection criteria are established for the purpose of
identifying and evaluating Safety Class structures,
systems, and components.

"REPRESENTATIVE" accidents are those that bound
the consequences for a grouping of similar accidents.

"SIMILAR" means accidents of the same type
challenging the same or analogous barriers.

"ANALOGOUS" barriers reflect the same
preventionimitigationidesign philosophy but may be
located in a different part of the facility or project.

"UNIQUE" accidents have potential consequences that
may approach the "Risk Evaluation Guidelines" and
challenge different barriers from the
"REPRESENTATIVE for that accident type.
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Table 2: Accident Groupings

No. Accident Group Title
Al Process Upset - no worker impacts
A2 Process Upset - worker ALARA concern
B Radiological Release Inside Glovebox
C Radiological Release from Glovebox
D1 Deflagration in Glovebox
D2 Deflagration Outside of Glovebox 7
E Criticality
Fl Fire Inside of Glovebox
F2 Fire Outside of Glovebox
G Industrial Hazards - not resulting in severe worker injury
H Release to Vacuum System
I Toxic Chemical Release Inside Facility
J Radiological Release Inside Facility
K Storage Canister Rupture
NPH | Natural Phenomena Initiator (Seismic Event)

16

December, 2000



HNF-7278 Rev. 0
Table 3: Accident Binning for the Magnesium Hydroxide Precipitation Process (XX sheets)
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Table 4: Effects of Polycube Stabilization Process Operations On Existing PFP Abnormal

Operations
(2 sheets)

PFP

Effect Posed by Pu Stabilization and Packaging Equipment
and Subsequent Processing Operations

No Effect. No liquids are used in the Polycube Stabilization
Process.

No Effect. No liquid containers are involved in the Polycube
Stabilization process.

No Effect. Operation of the Polycube Stabilization Process
will have no effect on radioisotope-bearing material handling
procedures, and therefore no effect on this abnormal

occurrence.

No Effect. There are no containers involved in the Polycube
Stabilization Process that can pressurize

No Effect. Operation of the polycube stabilization process will-
have no effect on filter changes, therefore will have no effect
on this abnormal occurrence.

accident.

' Building

FSAR PFP Abnormal
. Occurrence
Section
9.1.1 Radioisotope-Bearing
Liquid Spills
9.1.2 Radioisotope-Bearing
. Pressurized Liquid
Container
"~ 9.1.3 | Radioisotope-Bearing
Powder Spills
9.1.4 | Radioisotope-Bearing
Pressurized Powder
| Container
9.1.5  Stack Release
- Resulting from Filter
Changes
9.1.6 | Overpressure of
Remote Mechanical C
Line Pressure Vessel
9.1.7A | Excessive Building
: Pressurization-234-5Z
" 9.1.7B | Excessive
Pressurization of
236-Z Building
9.1.7C | Excessive Building
Pressurization
2736-ZB Building
9.1.7D  Excessive Building

Pressurization 2736-7
Excessive Building
Pressurization, 241-7.
Building

No Effect. The RMC Line pressure vessel is no longer used,
therefore this accident is no longer relevant.

No Effect. Operation of the polycube stabilization process will
have no effect on building ventilation, or on the analyzed

operations are in the 234-52 Building.

No Effect. The polycube stabilization process equipment and
operations are not in the 2736-ZB Building.

No Effect. Polycube stabilization process operations in the
2736-7 Building will not affect ventilation.

'No Effect. The polycube stabilization process does not use the
chemicals involved in the analyzed accident, therefore
operation of the polycube stabilization process will have no |

effect on this accidg_r_IL
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Table 4: Effects of Polycube Stabilization Process Operations On Existing PFP Abnormal |

PFP
FSAR PFP Abnormal
. Occurrence
Section e ) , - _
9.1.7F | Building No Effect. The analysis in Section 9.1.7F of the FSAR
Depressurization—All concludes that depressurization of Building 234-52 will not
Plutonium Finishing result in structural failures. Based on the conclusions of the

Plant Operations

9.1.8 | Loss of Ventilation

9.1.9 Glovebox Glove
Breach
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(2 sheets)

Effect Posed by Pu Stabilization and Packaging Equiprim
and Subsequent Processing Operations

No Effect. The Product Concentrator is not currently in use at

No Effect. The Filtrate Evaporator is not currently in use at

‘No Effect. This accident isno longer used in the PFP FSAR.

No Effect. The Laboratory Waste Concentrator is not currently
in use at PFP.

No Effect. The Fluorinator is not currently in use at PFP. |
|

No Effect. Operation of the polycube stabilization process does
not require the use of flammable gases as analyzed in the
FSAR, therefore will have no effect on the accident as
analyzed. However, a new accident does involve a possible
flammable gas explosion, from gases evolved during heating of

_ jrilolgun.tbesinihe furnaces. . i L
o Effect. The slag and crucible process is not currently inuse |

equipment does not affect the likelihood or consequences of the
RMC Line Fire at PFP.

No Effect. Operation of the polycube stabilization process
equipment does not affect the likelihood or consequences ofa
roof fire at PFP.
‘No Effect. This accident is no longer used in the PFP FSAR.

No Effect. Operation of the polycube stabilization process is

|  PFP PFP Abnormal
. FSAR Occurrence
Section
92.1A | Product Concgntrator PEP.
9.2.1B | Filtrate Evaporator PEP.
i ; 21C Deflagration in Glove-
- boxes MT-5/HC-21C
o - | Laboratory Waste
9.2.1D Concentrator
Explosion, Hydrogen
2.2.1E in Fluorinator
Flammable Gas
‘ 9.2.1F Explosion
| Explosion, Slagand
9.2.1G | Crucible System at PFP.
Deentrainer
92 2A R_emotg Mechanical C
Line Fire
‘ 922B | Roof Fire, 234-57
Glovebox MT-5/
__9'2'2C HC-2_1C Fire
9.2.2D  Waste Drum Events

9.2.3

9.2.4

Criticality

Seismic Event

not relevant to waste drum accidents.

to have any effect on the FSAR criticality accident. However, |

criticality analyses are in early stages, and a final determination
on effects awaits completion of those analyses. B
The polycube stabilization process will have an addition to
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PFP
FSAR
Section

9.25

9.2.6

9.2.7

9.2.8

PFP Abnormal
Occurrence

Strong Wind

T Hydrogen Fluoride
Induced Plutonium

_‘ Release

Aircraft Accident

Toxic Chemical
Release

HNF-7278 Rev. 0

(2 sheets)

Effect Posed by Pu Stabilization and Packaging Equipment

and Subsequent Processing Operations

‘No Effect. The 234-5Z Building is shown in the analysisto

survive the design basis wind. No releases from the polycube

stabilization process glovebox are anticipated due to high
winds. Operation of the polycube stabilization process

equipment does not affect the Strong Wind accident analysis.

No Effect. The Fluorinator is not currently in use at PFP.

No Effect. Aircraft impacts into the PFP facility are shown in
the analysis to be incredible given flight restrictions prohibiting

helicopter operation in proximity to the PFP.
No Effect. The polycube stabilization process accident is

bounded hy the analyzed accident.
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During the conduct of the HazOp sessions for the polycube stabilization process, numerous
recommendations were formulated and recorded in the HazOp table (see Appendix A). Those
reconimendations involving consequences greater than SO are presented below, along with the

concerns that prompted the recommendations to be made.

Consequence Ranking /

Node ID# Recommendation Concern raised

PCS - 1.1.1 | S1: Initial survey of polycube can in The filter over the polycube can vent
vault while still on CMU should not may be dislodged, with spread of
include a wipe of the top of the can. contamination and possibility of

inhalation.

PCS - 1.1.2 | S1: Survey of polycube can in vault The filter over the aolvcube can vent
while still on CMU should involve only | may be dislodged, with spread of
the sides of the can, then a move of the | contamination and possibility of
can to the RBA to deal with the top of inhalation.
the can.

PCS- 1.3.1 | SI: Should include a visual inspection | The filter over the polycube can vent
of the polycube can while still on CMU | may be degraded, which may lead to
in vault to check state of filter cover on | spread of contamination and possibility
top of the can. of inhalation.

PCS - 1.4.1 | S1: Strongly suggest placing occlusive | The filter over the polycube can vent
seal on top of polycube can in vault as may be dislodged, with spread of
early as possible - perhaps while still on | contamination and possibility of
CMU. inhalation.

PCS - 1.8.1 | SO: Need to analyze trade-offs between | The filter over the polycube can vent
increased exposure involved in placing | may be dislodged, with spread of
polycube cans in plastic bags before contamination and possibility of
placing in overpack containers vs. inhalation.
contaminating overpack container
(NMC-8) interiors.

PCS - 3.1.1 | S1: Ifthe overpack container has been | The filter over the polycube can vent
dropped during transportation to Room | may be dislodged, with spread of
230B, recommend making room an contamination and possibility of
ARA to open the overpack container. inhalation.

PCS -3.1.3 | S1: Recommend buying some strap Screw-on overpack lids have a mark

wrenches if screw-on overpack lids are
used.

that indicates the proper torque required
to seat the O-ring; it could be difficult to
meet this by hand, and/or difficult to
then open the can by hand from this
oosition.
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Node ID#

Consequence Ranking /
Recommendation

PCS-7.71

SI*: Casualty procedures should
include steps to remove boats from
furnaces (to stop generation of
flammable gas) and ventilating the
glovebox for a period of titne to remove
remaining flammable gases from
glovebox before relighting furnaces.
Casualty response procedures should
also provide for emergency entry/pro-
tective equipment availability of
responders (e.g., console operators need
to have properly-fitted masks with
them).

Concern raised

PCS-7.10.2

SO: Recommend evaluation of reactive
ash OSD for continued utility.

A power loss leading to loss of vacuum
and ventilation in the furnace and
glovebox at a time when polycubes are
being heated could result in the buildup
of flammable gases to the LFL in the
glovebox, potentiating a deflagration.

CO production may not be applicable
here.
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