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ABSTRACT

The Fuel Cycle Facility (FCF) is designed to demonstrate the
feasibility of a novel commercial-scale remote pyrometallurgical
process for metallic fuels from liquid metal-cooled reactors and to
show closure of the Integral Fast Reactor (IFR) fuel cycle.
Requirements for nuclear criticality safety impose the most
restrictive of the various constraints on the operation of FCF.
The upper limits on batch sizes and other important process
parameters are determined principally by criticality safety
considerations. To maintain an efficient operation within
appropriate safety limits, it is necessary to formulate a nuclear
criticality safety program that integrates equipment design,
process development, process modeling, conduct of operations, a
measurement program, adequate material control procedures, and
nuclear criticality analysis. The nuclear criticality safety
program for FCF reflects this integration, ensuring that the
facility can be operated efficiently without compromising safety.
The experience gained from the conduct of this program in the Fuel
Cycle Facility will be used to design snd safely operate IFR
facilities on a commercial scale. The key features of the nuclear
criticality safety program are described. The relationship of
these features to normal facility operation is also described.



INTRODUCTION

Over the past few years, Argonne National Laboratory has embarked
on a mission to demonstrate the technical and commercial
feasibility of the Integral Fast Reactor (IFR) concept (1,2) by
coupling the EBR-II reactor (IFR prototype) to a co-located fuel
cycle facility containing prototype IFR fuel reprocessing
equipment. This mission has resulted in a major renovation of the
Hot Fuel Examination Facility-South at ANL-W, renamed the Fuel
Cycle Facility (FCF), to demonstrate the feasibility of commercial
scale remote pyrometallurgical processing of metallic fuels from
liquid metal-cooled reactors. The closure of the IFR fuel cycle
will be demonstrated at prototype scale by providing a continuous
supply of IFR fuel from FCF for operating EBR-II with subsequent
recycle of the discharged fuel back into FCF for
reprocessing/refabrication. Waste treatment processes that are
important to the IFR fuel cycle will also be demonstrated. This
activity on prototype design, construction, and operation will
support the commercialization of the IFR not only through the
integral demonstration of feasibility but also through
identification of potential improved solutions to design approach
and insights into improving the integrated concept.

Economics and batch throughput considerations favor large batch
sizes for FCF processes. Requirements for nuclear criticality
safety impose the most restrictive of the various constraints on
batch sizes and other process parameters during operations in FCF.
To maintain an efficient operation within appropriate safety
limits, it is necessary to formulate a nuclear criticality safety
program that integrates equipment design, process development,
process modeling, conduct of operations, a measurement program,
adequate material control procedures, and nuclear criticality
analysis. The nuclear criticality safety program for FCF was
designed to integrate these factors, ensuring that the facility can
meet mission objectives without compromising safety. The
experience gained from the conduct of this program in FCF will be
used to guide the design and conduct of operations of commercial
scale IFR-FCF plants.

In the following sections, a summary of the FCF process operations
and the FCF nuclear criticality safety program will be given.

FUEL CYCLE FACILITY

The Fuel Cycle Facility (FCF) was first operated in the mid 1960's
to demonstrate the feasibility of recycling reactor fuel from a
liquid metal reactor (EBR-II) in a nearly closed cycle, utilizing
a melt refining process. In the original process, spent fuel from
EBR-II was declad in an argon atmosphere, placed in a zirconia
crucible and heated to 1400° C. Volatile fission products were



evaporated (and collected), while other fission products would form
oxidation products with the crucible, leaving a slag layer in the
crucible. The metal above the slag layer contained uranium,
Plutonium, and metallic fission products (e.g., Zr, Mo, etc.) on
the order of 5% equilibrium concentration. The slag contained
oxidized uranium and plutonium also. The original objectives of
the program were demonstrated, and the Fuel Cycle Facility was
converted to a hot cell facility for post-irradiation examinations
in 1969. Advances in electrochemistry in the 1980's have made a
new reprocessing technique for metallic fuels very promising in
terms of separation efficiencies of fission products and
transurariics, and so an extensive modification of the FCF was begun
in the mid 1980's and is essentially complete (3). The key aspects
of the facility and process are described below.

As in the original facility, subassemblies from EBR-II are
transferred from the reactor to the FCF hot cells (air cell and
argon cell) in shielded casks (see Figure 1). The major features
of the facility are: wash stations between the reactor building and
cells where residual sodium is removed from subassemblies, an air
atmosphere cell where the fuel assemblies are examined and/or
disassembled into individual fuel elements, and where they are
reassembled from processed fuel elements (each clad with new
structural material), an argon atmosphere cell where the spent fuel
elements are chopped into segments and where the key fuel
processing and refabrication steps will take place, and a hot
repair facility located in the basement where contaminated
equipment can be washed and repaired. Haste processing is
conducted primarily in the argon cell. Because the processing
methods involve heating the metal fuels to elevated temperatures
and because sodium metal is used as a thermal bond between fuel
pins and cladding jackets, the inert atmosphere of the argon cell
is an important feature of the facility.

As noted above, subassemblies are dismantled in the air cell, and
the elements are transferred to the argon cell, where they are
chopped into small segments and placed in baskets. The segments
are composed of clad (SS), fuel alloy (U/Pu/Zr), and fission
products. The baskets are placed in an electrorefiner, which is
the key part of the new process (4). The electroref iner is a steel
vessel 40 inches in diameter and 31 inches high. Normally, the
vessel contains a Cd pool at the bottom and a layer of molten salt
(LiCl and KCl) in a eutectic phase. The fuel segments in the
baskets are electrochemically dissolved in the salt layer by
applying a voltage between the baskets (anode) and a collecting
cathode (see Figure 2) . The salt provides the current path and
has a concentration of actinides that are required to support
electrotransport. Actinides are electrotransported to the cathode,
which is removed for further processing. The fission products
remain in either the cadmium or the salt. There are different
types of cathodes, depending on the specific process. The solid



cathode is used when uranium is the desired product (as uranium is
a less active metal than plutonium, it will preferentially deposit
on a solid cathode). Ths liquid cathode containing molten cadmium
is used when a mixture of U and Pu is desired, and is based on the
fact that Pu dissolved in Cd is nearly as active as U, so they can
be codeposited. Regardless of the type of cathode, the cathode is
removed from the electrorefiner and placed in the cathode
processor, which essentially distills any Cd and salt that has
adhered to the cathode and produces ingots of U and Pu metal.

At the injection casting station, the ingots are mixed with other
feed material (Zr and U or Pu) to achieve the desired fuel
composition, which is nominally 70% U at 48% enrichment, 20% Pu,
and 10% Zr. The components are melted in a crucible in an
induction furnace and injection cast into new fuel slugs. The
process is completed by putting the slugs into fuel element jackets
containing sodium, welding the end caps and heating the elements to
bond the sodium. The completed elements are transferred back to
the air cell, where they are used for new subasseroblies for EBR-II.

The processes described above contain a diverse set of equipment
and procedures for operating the equipment; consequently, the
criticality safety analysis of the facility as a whole is composed
of a diverse set of analyses. There is simply no one set of
parameters that can be controlled facility wide to ensure
criticality safety, so each step in the process has its unique set
of controls. In some cases, administrative controls are necessary
to provide the depth needed to ensure criticality safety (e.g., in
the loading of the casting crucible, extra precautions are taken to
avoid material substitution errors such as loading Pu instead of
U) . In the case of the electrorefiner, the key chemical aspects of
the process such as inhibition of precipitation at certain
concentrations must be included in the analysis. Wherever
possible, physical controls such as limiting the size of containers
are utilized. Additionally, process models must be used in certain
steps because chemical analysis is limited.

NUCLEAR CRITICALITY SAFETY PROGRAM

The nuclear criticality safety program at FCF combines the
operational experience gained from related fuel cycle operations
conducted at ANL-W for over twenty years with the recent safety
evaluations of the new pyrometallurgical process operations that
will be conducted at FCF. Nuclear criticality safety at FCF is
ensured by carefully controlling the amounts, locations, and forms
of fissionable, moderator, and other process materials within the
facility. This is done by accounting for all controlled materials
that enter or leave the facility and by dividing the facility into
criticality hazards control (CHC) zones. Each zone has a specific
set of operations that will be conducted within the zone, and each



operation within the zone has a specific set of governing rules and
limits. The specific rules and limits detail the types of
containers, the forms and types of materials, and the masses of
controlled materials that are allowed within the zone during the
given operation. Implementation of the nuclear criticality safety
program in FCF is achieved through the integration of four key
elements: Nuclear Criticality Control (physical and
administrative), Nuclear Analysis, the Mass Tracking System, and
Process Models. Each of these elements is discussed below.

1. Nuclear Criticality Controls

Controls to ensure nuclear criticality safety can be
classified as either physical controls or administrative
controls. A physical control is defined as any design or
modification that physically limits or controls the amount
and/or configuration of process materials such as fissile
material, chemicals, and moderators. For example, the design
of an element magazine represents a physical control because
the magazine provides a fixed configuration for the storage of
fuel elements only. Administrative controls are any rules,
limits, or restrictions imposed which reduce the probability
or consequences of an accident due to operator error or
procedural violations. An example of an administrative
control is a limit placed on the amount of moderator permitted
within a criticality hazards control zone. Physical controls
are based on actual physical constraints; administrative
controls are restrictions on the conduct of operations which
are based on safety analysis and operational requirements.

Physical Controls

The Fuel Cycle Facility and process equipment within FCF have
been designed to maximize the number of physical controls
inherent in the system. Physical controls include container
designs, storage rack designs, equipment design, the exclusion
of a water-based fire suppression system in the hot cell
areas, and the division of the facility into specific zones
referred to as criticality hazards control (CHC) zones.

Container design is a major physical control used for
criticality safety in FCF. Containers which house large
quantities of fissile material or which house the more
reactive forms of fissile material have been designed to meet
specific criticality safety criteria. These criteria include
limiting the quantity of fissile material that can be placed
in a container, limiting the type of material that can be
placed in a container, limiting the configuration of material
in the container, and limiting the interaction between



containers. Nuclear criticality analysis was used to guide
container designs and to verify that final designs provide
adequate criticality safety controls.

Storage racks are designed to limit the number and '.ypes of
containers that can be stored in the rack and to rigidly
control container configurations. Process equipment was
designed to limit the number and types of containers that
co!ild be used in the process. Process equipment design was
driven largely by process requirements, e.g., operating
temperature requirements in the electrorefiner and casting
furnace, but nuclear criticality analysis was used to verify
that final equipment designs did not pose any criticality
hazard.

The Fuel Cycle Facility was divided into a number of
criticality hazards control (CHC) zones, setdown areas, and
transfer corridors. The CHC zones in the air cell and argon
cell are shown in Figure 1. The CHC zones serve to separate
areas where different operations are being performed and to
neutronically isolate the zones (and pieces of process
equipment) from one another. Interaction among the zones was
still considered for credible scenarios such as dropping a
container in transit. The setdown areas and transfer
corridors are isolated from operations within the CHC zones,
so the interaction between a container in a setdown area or
transfer corridor and the various items of process equipment
in the CHC zones is minimal. The setdown areas and transfer
corridors provide areas where containers can be transferred,
weighed, or examined.

Operations in the FCF hot cells are based on minimizing the
amount of moderator present in any CHC zone in these cells.
The fire suppression system in FCF is specifically designed to
prevent the introduction of a large amount of water into the
hot cells. The practical value of limiting the amounts of
water and other moderators that can be introduced into the hot
cells is that process batch sizes can be increased due to the
larger critical masses in the absence of significant
moderation.

Administrative Controls

Physical controls have been relied upon whenever possible in
FCF. However, administrative controls are required for many
of the operations in FCF, and adherence to these
administrative controls is vital to maintaining criticality
safety during operations within FCF. Administrative controls
cover a variety of subjects ranging from operator
certification to configuration control to fissile mass limits



for specific operations.

Administrative controls are based on compliance of operations
personnel with a strict set of rules, limits, and operating
procedures. A system of checks and balances at all levels of
facility operations is used to minimize the probability of
noncompliance. Because a violation of administrative controls
is still possible, multiple administrative controls are
imposed on each operation in the facility. The criticality
safety analysis included consideration of events such as
double batching that could result from violation of
administrative controls. The criticality safety nalysis
ensures that the occurrence of a potentially unsafe condition
requires multiple violations of the administrative controls.

The nuclear criticality safety analysis and the formulation of
the specific administrative controls were closely linked. The
administrative controls formed part of the basis (along with
equipment design, container design, and process development)
for the criticality analysis. The results of the criticality
analysis were then used to refine the administrative controls.
This cycle was continued until acceptable levels of safety
and control were achieved. The final result is a set of
criticality hazards control rules and a set of facility
operating procedures which govern and limit all operations
within FCF. These rules and procedures minimize the potential
for an unsafe situation to develop in FCF.

A key aspect of the administrative controls is the limits
imposed on each operation in each CHC zone. For each
operation in each zone, there is a list which specifies the
number and types of containers permitted in the zone. This
list also specifies the forms of material permitted in each
container as well as the mass limit for each allowed material
form/container combination for each operation. In addition,
the list includes mass limits for all controlled materials in
a zone during a given operation. The administrative controls
include supplemental rules to address any unique aspects of an
operation that cannot be adequately covered by the limits on
containers, materials forms, and masses.

2. Nuclear Analysis

The actual nuclear criticality safety analysis for FCF is
complicated by the novelty of some of the operations to be
performed in FCF. Electrorefining and cathode processing are
novel processes. The operational database for these processes
is limited to laboratory experiments conducted with much
smaller versions of the FCF equipment and without irradiated
fuel. Some of the process uncertainties associated with
electrorefining and cathode processing will not be well



defined until experience with full scale operations begins to
accumulate. In addition, experiments will be conducted in FCF
to refine and improve some of these processes. These factors
have two effects on the nuclear analysis for FCF. First, the
large uncertainties must be factored into the base models for
the analysis. Second, the analysis must be sufficiently
general to encompass all of the abnormal events that might
occur during these novel operations.

The basic approach taken in the FCF criticality analysis is
mechanistic. Five broad categories of abnormal events were
defined. These categories were mass events (generally
overloading or excess collection on a cathode), material
events (material substitutions and production of abnormal
compositions), density events (abnormally high densities or
packing fractions), reflection events (changes in reflection
around process equipment), and geometry events (abnormal
geometric configurations in process material) . Each operation
in FCF is analyzed to determine the credible events in each of
these categories. Four criteria are used to determine and
categorize credible abnormal events. First, the chemistry and
physics of the process are considered. Second, the equipment
and container designs are analyzed to determine any physical
constraints on volume, configuration, etc. Third, the nature
of the process and the materials used in the process are
examined. Fourth, the preparations for and conduct of the
operation are examined to determine the likelihood of certain
events. The events are defined with enough generality and
conservatism to adequately cover the process uncertainties and
the novel aspects of the processes. Ranges of very similar
events or event initiators are combined into a single
conservatively defined event to reduce the volume of the
required calculations. Accident configurations which did not
fit into these broad categories such as certain consequences
of the design basis earthquake were treated as special cases.

Each credible event in each category is classed as unlikely or
extremely unlikely on the basis of the numbers of physical and
procedural barriers that must be violated before that event
can occur. The criticality safety criterion ac ^ ed for FCF
is that criticality shall not result from t :.?. concurrent
occurrence of one unlikely event and one extremely unlikely
event from two different categories of abnormal events. Event
pairs in the same category are eliminated for the following
reasons: a) some pairs are self-contradictory, b) the unlikely
event may be subset of the extremely unlikely event, c) the
extremely unlikely event may be a repeated occurrence of the
unlikely event, and d) in some cases it is not credible for
two events from the same category to occur during the limited
scope of a single operation.



The KENO V.a Monte Carlo code (5) is used to analyze of the
event pairs. KENO V.a was used to analyze four sets of
critical experiments to validate the code for FCF criticality
analysis. For the first set, nine graphite-reflected spheres
and cylinders of plutonium or enriched uranium were analyzed.
The average computed k for these nine cases was 1.00203. For
the second set, eleven reflected uranium or plutonium spheres
and four criticals consisting of alternating plates of uranium
or plutonium and diluent were analyzed. The average computed
k for the second series was 1.00515. For the third set, KENO
V.a was used to analyze six critical experiments conducted in
the Zero Power Physics Reactor to simulate fuel, diluents, and
equipment in FCF (6). The average C/E for the third set was
1.00960. The fourth set analyzed consisted of six solutions
of uranium or plutonium in water and three uranium spheres
reflected by water or polyethylene. The average computed k
for the nine cases in this set was 1.00445. Finally, KENO V.a
was compared with VIM, a continuous energy Monte Carlo code
(7), for six hypothetical electrorefiner accident
configurations. The two codes generally agreed within 0.3%
Ak; the difference was 0.8% Ak in the worst case.

The rriticality analysis established the boundaries of the
operating envelope for processes in FCF. This analysis
determined the upper limits on process batch sizes, the mass
limit for each container/material form combination, and the
mass limit for each operation in each zone. Arbitrary or
unnecessarily conservative assumptions were avoided in
modeling processes and in the event definitions. The events
and modeling were based on a conservative but realistic
analysis of FCF operations and on a conservative assessment of
process uncertainties. The same procedures will be used if
proposed changes in processes or operations require a revised
criticality analysis.

3 . Mass Tracking System

The Mass Tracking (MTG) System is a collection of software
which provides operational support in several areas that are
vital to the safe and efficient operation of FCF. The MTG
System tracks the location and movement of containers and
items of process material in FCF and automatically updates a
database with current locations, amounts, and compositions of
tracked items. This system records the amount of fissile
material assigned to each container and equipment item as
holdup ap well as the amount of fissile material assigned to
each zone as zone difference (a quantity which is
functionally equivalent to holdup but which applies to the
zone as a whole) . In addition the MTG System generates mass
balances for zones for arbitrary time periods and carries
estimated errors for subsequent statistical analysis. The



records of all prior operations in FCF are saved to allow
historical reconstruction of past events. All of these
functions are essential to meeting requirements for material
control and accountability in FCF.

All of the material control capabilities described above are
also important to the nuclear criticality safety program in
FCF. The material control features of the MTG System reduce
the probability of operator error during facility operation
which in turn reduces the probability of violating criticality
safety limits during operations.

The MTG System has several additional features which relate
specifically to criticality safety. The MTG System maintains
a database of criticality operating limits against which
proposed activities involving controlled materials, e.g.,
fissile material, are compared prior to actual movement of
material. For each operation in each zone, this database
contains the criticality safety mass limits for controlled
materials permitted within the zone. The database also
contains a list of containers and a list of material forms
that are permitted within the sone during the specific
operation. The list extends one level further to specify the
types of materials that are permitted in each container during
the operation as well as the criticality safety mass limits
for the container during the operation. In addition the
software includes coding to apply special criticality safety
rules that are only relevant to specific operations, e.g., the
electrorefiner.

The MTG System is interrogated for verification that operating
limits will not be exceeded by a proposed transfer of
controlled material prior to any actual transfer. The MTG
System is also interrogated before starting a process to
verify that criticality safety requirements will be met.

Pyrophoric materials in FCF are metallic forms that will burn
when exposed to oxygen provided the material temperature
exceeds the ignition limit. Pyrophoric materials in FCF are
confined within the inert gas atmosphere in the argon cell.
The argor cell confinement boundary could be breached by the
design basis earthquake, so there is a facility limit for the
heat load generated by exposed pyrophoric material under the
assumption that the exposed material does burn. The MTG
System maintains an inventory of exposed pyrophoric material
as well as a set of models and parameters used to compute the
heat load resulting from burning of any particular item.
Before a container is opened in the argon cell, the MTG System
computes the heat load that would result from burning of the
contents to determine if the additional exposed material would
result in a violation of the facility limit.
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The MTG System material control features are important to
process control and support. In addition, the MTG System
contains process models which are used to run simulations of
proposed operations, to specify parameter limits for
operations, and to check for potential abnormal occurrences
during operations.

The KTG System is a near-real-time system. Its input and
output are largely interactive, and it is distributed on a
network of workstations, dumb terminals, and smart terminals
connected to programmable logic controllers running process
equipment (see Figure 3). All of these features are bar.ed on
state-of-the-art computer technology.

The heart of the system is a database consisting of a
relational database manager and a large number of sequential
files defining compositions, operational limits, etc. All
interactions with the database are through individual programs
called MTG Tasks which model physical or operational
processes. These Tasks, which are executed asynchronously and
which may run in parallel, are controlled by a system of
Servers which run continuously. The Servers use native Unix
and TCP/IP features to manage the execution of the Tasks. The
Servers receive their instructions from Operator Control
Stations manned by equipment operators throughout the
facility, from terminal sessions run from terminals, and,
occasionally, from an electronic mail service*

Thus, the MTG System is a key aspect of the nuclear
critical!ty safety program in FCF. It embodies within the
framework of the computer system the physical controls,
administrative controls, and process models required to
operate FCF in a safe manner. Moreover, this system provides
operational support in other key areas such as process
control, material control and accountability, and control of
pyrophoric material.

4. Process Model

A process model is a model or simulation of the various
chemical and physical processes that can occur during the
operation of a particular piece of equipment. The process
model for a particular operation or equipment item is based on
the following factors:

a) the chemical and physical laws which govern the process,

b) models, relationships, and correlations developed during
the initial phase of FCF operations,
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c) information about the quantities and compositions of
process materials added to or removed from the equipment
during the present operation and during previous
operations,

d) information about previous operating history of and
present physical conditions in the equipment item at the
start of the operation,

e) computer simulations and other analytical tools used to
examine and analyze previous states of the process
material, e.g., the irradiation history and
postirradiation decay of fuel elements to be reprocessed,

f) prior experience with similar operations like injection
casting and with rmaller scale versions of equipment like
the engineering-scale electrorefiner.

In principle, a process model can be constructed for each operation
in FCF. In practice, however, it is not necessary to construct a
formal model for the more routine operations such as subassembly
fabrication.

Several of the key steps in FCF reprocessing, e.g., electrorefining
and cathode processing, are novel. Relatively large uncertainties
are associated with the process parameters for some of the novel
operations in FCF. The initial versions of the process models
constructed for FCF operations contain large conservative factors
to account for process uncertainties. As operational experience
accumulates, the process models will be refined to reflect
knowledge gained and decreasing uncertainties.

A process model serves several purposes in FCF. First, the process
model can be used to detect irregularities during normal
operations. Persistent or significant deviations of measured
process parameters from model predictions indicate a potential
abnormal situation that needs to be investigated. Second, the
process model can be used to run simulations of proposed changes in
operations to identify promising proposals. Third, the process
model is used to specify process parameters and parameter limits
for some operations. Finally, because of the nature of the
electrorefining process, it is not possible to precisely determine
the mass or composition of the actinides removed from the
electrorefiner on a cathode until several steps later in the
reprocessing procedure. The initial mass and composition estimates
required for criticality control and to meet limits for exposed
pyrophoric materials in FCF must be based on the process model.

The most complex process model developed for FCF is the model for
the electrorefiner. This model uses the previous operating history
of the electrorefiner plus the most recent results from liquid
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level measurements and from chemical analysis of samples to
determine the conditions in the electroref iner at the start of any
operation. The laws of electrochemistry and chemical
thermodynamics are accounted for in the model. Relationships and
correlations developed during the initial phase of electrorefiner
operations are also used to predict the response of the various
components of the electrorefiner. The final electrorefiner process
model is then used to predict the state of the electrorefiner at
any time during an operation and to predict the mass and
composition of the actinides removed from the electrorefiner in an
electrode assembly.

An accurate and conservative process model for each major piece of
process equipment in FCF is a major aspect of the nuclear
criticality safety program. These process models are used with the
nuclear analysis methodology to establish the criticality limits
for each operation which in turn establish one set of limits or
constraints on facility operation (batch sizes, compositions,
etc.). Moreover, these models are used as predictive tools to show
that current operations are within facility operational and safety
limits and that proposed operational changes will remain within the
safety envelope. The process models are an essential tool for
ensuring safe operation of FCF.

SUMMARY

The operations in FCF range from novel processes such as
electrorefining and cathode processing to routine procedures such
as fabrication of fuel elements and subassemblies. Because of the
diversity of processes and operations in FCF, no single form of
control is adequate to ensure criticality safety on a facility-wide
basis. Assurance of criticality safety during FCF operations is
achieved by combining several features of facility design and
operation into a comprehensive nuclear criticality safety program.

First, process equipment and containers have been designed to
maximize physical controls over batch sizes, material
configurations, etc. within the constraints imposed by process
requirements. The physical layout of the facility is also designed
to maximize the physical controls.

Second, a number of administrative controls are built into the
procedures for conducting operations in FCF. The number of
administrative controls imposed on any given operation depends on
the novelty of the process, the available physicals controls, the
process material forms, and the batch size. In all cases, the
combination of physical and administrative controls is adequate to
ensure the required level of process control with an acceptable
safety margin.

Third, nuclear criticality safety analysis is used to verify that
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equipment and container designs do not pose any credible
criticality hazards and that the combination of physical and
administrative controls for each operation is sufficient to ensure
criticality safety during that operation. In fact, the equipment
and container design effort, the development of administrative
controls, and the nuclear criticality analysis all interacted
iteratively, and each was used to refine the others. When the
iteration process had converged sufficiently, the nuclear
criticality analysis was used to determine the criticality safety
envelope for each operation in FCF.

Fourth, a computer-based mass tracking (MTG) system has been
developed to support operations, to provide adequate material
control and accountability procedures, to provide adequate control
over pyrophoric materials, and to assist in the implementation of
nuclear criticality safety controls.

Fifth, conservative but realistic process models have been
developed for the major processes in FCF. These models assist
operations personnel in the areas of process control, process
development, and criticality safety. The initial versions of the
process models include factors to account for process
uncertainties. These models will be refined as operational
experience accumulates.

The FCF operating limits are set by criticality safety
considerations. The FCF nuclear criticality safety program
integrates physical design, administrative controls, nuclear
criticality analysis, a mass tracking system, and process models
into a program that maximizes facility efficiency and batch
throughout within the envelope for safe operations.
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