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ABSTRACT

The Los Alamos Plutonium Facility contains
more than sixty unit processes and handles a large
varietyv of nuclear materials, including many forms
of plutonium-bearing scrap. Tha management of
the Plutonium Facility is supporting the develop-
mant of a computer modal of the facility as a
means of effectively integrating the large amount
of information required for material control,
praocess planning, and facility development. The
modal is designed to provide a flexible, easily
maintainable facility description that allows the
facility to be repraesented at any daesired level
of detail within a single modeling framework, and
to do this using a model program and data files
that can bae read and understcod by a technically
qualified parson without modeling experience.
These :charactaeristics were achieved by structuring
the model so that all facility data is contained
ir. data files, formulating the model in a simula-
tion language that provides a flexible set of data
structures anc permits a near-English-language
syntax, and using a description for unit processes
that can represent either a true unit process or
a major subsection of tha facility. Use of the
model is illustrated by applying it to two config-
urations of a fictitious nuclear material process-
ing line.

I. INTRODUCTION

The Los Alamos Plutonium Facility contains
more than sixty unit processes utilizirg both
aquaous chamistry anu pyrochemical methous, and
it is called upon to process a wide variety of
nuclear materials including most known forms of
plutonium-bearing scrap. The complexity of the
facility and the variety of the feeds it receives
create a significant challenge in generating
processing schedules and maintaining a comgruhen—
sive picture of the flows of nuclear materials
within the Pacility, particularly bacause detailed
knowledge of the status of various sections of
the facility {s usuvally fragmentaed among a number

#This work supported by the U. 8, Department of
Energy, Office of Nuclear Materials Production
and Office of Production and Surveillance.

of diffarent people. Howaever, failure to maintain
a comprehensiva overview of facility operations
can raesult in procassing inefficiencies, and can
impede the daetection of abnormal situations af-
fecting material control. The management of the
Los Alamos Plutonium Facility recognized that a
facility model could aid in integrating the exten-
sive body of information concerning tha facility
in a fashion that would be useful for planning
and operational purposes and for the evaluation
of the effects of technological innovations, and
is sponsoring the development of a computer modal
to achieve these ends.

The purpose of this paper is to describe the
features of the facility model that s heing de-
veloped and to illustrate some of its potential
applications., As an example, we use the model to
examina the opaerational characteristics of two
varsions of a fictional but realistic pyrochemical
plutonium metal processing line. In the first
varsion of the line all by-products of the pyro-
chemical rocesses are eithaer discarded or are
retained for aquaeous chemistry racovery; and in
the second version a number of intarnal pyrochem—
ical raecovary steps are added, in an attempt to
reduce the quantity of material that must be proc-
essed by aqueous chemistry methods. Thae modal is
used to simulate operation of each of these metal
procaessing lines for a 3-month period to determine
how incorporation of the recycle steps affaects
product and waste gaenaration.

The structure of the mudel itsealf is de-
scribed in the naext section. Sechion 3 presants
the two versions of the metal processing line
that are studied, and the raesulte of the procass
simulations for those two lines are given in Sec-
tion 4. Plannaed enhancemants for the model are
discussed {n Section %,

II. FEATURES OF THE MODEL

Considerable attention was givan to design
of the logical structure for the model in an af-
fort to achieve the greatest flexibility and ease
of maintenance possibkle. In particular, the fol-
lowing ware identified as important attributes
that the model should possess,



(1) It should be easy to update the information
the model contains about the numbers, types,
and interconnections of the facility's unit
procassas,

(2) The model should allow the Facilicy te be
represented at any desired level of detail.

(3) The facility representation in the model
should contain not only numerical parameters
but also the process structure of the facil-
ity in a form that can bhe read and inter-
preted by other computer programs.

(4) The model and its data files should be writ-
ten so they can be read and understood by a
technically qualified person familiar with
the chemical processes but lacking modeling
experience.

These characteristics are cesirable because the
structure of the Plutonium Facility is not only
complex but also changes relatively frequently;
bacause both long- and short-range plarnirg
studies are to be done within one modeling {'rume-
work; because facility optimization and techno-
logical innovation studies are to be done that
involve variations in process structure as waell
as process parameters; and because the analysts
developing tha model do not wish to spend the
rest of their lives assisting in its use! These
goals are achieved within the model by the follow-
ing methods.

1. The model is structured so that all
facility information is contained in data files.
No facility ! formation of any kind is contained
in the model program itself, though the program
does reflact--and limit-—the kinds of facility
information that are utilized in the model. The
data files themselves are currently in human-
readable text form with descriptive legends iden-
tifying the items of fucility information con-
tained in the files. This form for the data files
allows the facility description to be maintained
by technically qualified process personnel who
are not familiar with the details of the model
program itself. The human-readable text files
will soon be replaced by binary files maintained
by & monu-driven "front-end" program to simplify
maintenance of the facility daescription even fur-
ther.

2, The model s formuluted in a simulation
language that permits a near-English-language
syntax and that provides a large, flaxible set of
data structures., The near-English-langumge syntax
makes it possible to write the model program in a
form that can be read by computer-literate process
personnel who have no modeling experience., The
flexible set of data structures allows one to
place the facility information in data files and
then generate at execution time the descriptor
variables required by the program.

3. A unit process is treated in the model
as an operation that transforms an input nuclear
natarial ltem into a sat of output items (a prod-
uct and possibly one or more by-products), and

that requires a set of human and equipment re-
sourcaes and some paeriod of time to achieve the
transformation. This representation makes it
pessible to treat any desired subset of the facil-
ity from a true unit process to an entire process
line as a "unit process" for purposaes of modeling.
Consequently, detailed facility planning and opti-
mization studies can bae paerformed by using the
model program and a facility data file that con-
tains facility information at a true unit-process
level; and long-range projections can be made by
using the same model program with a process data
filae that treats entire process lines as "unit
processaes" with appropriate input and output mate—
rial flows, and with batch sizes and process times
adjustad to represent extended procassing periods
such as weeks or months.

The model program has been constructed to
parmit inclusion of most types of facility infor-
mation that might be expected to affaect operation.
These include provision for

. Multiple operating shifts, each with its own
sat of break and meal periods for process
parsonnel;

. Multiple faeeds and products for each unit
process with each feed/product having its
own characteristics;

. Several floxible material selection schemes
for unit processes that draw feeds from the
vault;

° Multiple alternative destinations for procass

products with actual choice of destination
determined by priority order and by space
availability;

. Multiple steps in the functioning of each
unit procaess with each step having its own
requirements for time and process personnel.

This framework has proved to be flexible and easy
to use in the applications of tne model made thus
far and has been completely adequate to describe
the process information of interaest.

III. EXAMPLE PROCESSES: A PLUTONIUM METAL PROC-
ESSING LINE

The model is demonstrated using two example
processas. Both examplas are ficcional plutonium
metal processing lines., The first contains no
recovary processes. Tha second {s the same line
with several pyrochemical recovery processes
udded, The raecycle steps in the second e.ampie
are currently under decvelopment, and have not
been demunstrated on a production scale, Infor-
mation used in the nodels is a composite of data
from sevaral refarences.l-9

Table I contains a listing of the uni‘ proc-
esses with the product yields, process parsonnel
("operator") time requirements, and total operat-
ine, time requirements. The unit procesres are
described below. GCxsmple 1 contains Direct Oxide



Reduction (DOR), Vacuum Casting, and Electrore-
fining (ER). Example 2 wusgas thesa thres unit
processes plus DOR Salt Recovery, ER Salt Recov—
ery, and Pyroredox. In both cases, oxide gener-
ated by casting is recycled to DOR.

TABLE T

EXAMPLE PROCESS INFORMATION

Unit Process Yield (%)* Hours

Operator Total

Direct Oxide

Reduction 99.5 2.0 12.0
Vacuum Casting 95.0 8.0 8.0
Electrorefining 82.0 10.0 77.0
DOR Salt Re<overy L 5.0 15.0
ER Salt Raecovery 96.0 4.7% 12.7%
Pyroredox 99.0 8.25 36.25%
Wield = (Plutonium_in product) x 100.

(Plutonium in faeed)

##This step is for solid waste raduction, not plu-
tonium recovery.

Direct Oxide Reduction (DOR)
In DOR, batches of >85% plutonium oride are

taken from the vault to form a charge of 800-1000
grams of the oxide for each procaess unit. Thare
are five process units available. DOR produces
impure metal that is sant to vacuum casting, if
space is available, or to the vault for storage
othaerwi se. 8y-product materials include OOR
salts, and crucibles that are below discard limity
and are sant to waste storage. The complate
process includes four steps: setup, loading, re-
action, and breakout. Each step has ite own oper-
ator timc and processing timo. Five operators
are available to run DOR.

vacuum Casting

Batches of impure metal are taken from OOR
or the vault to form a load of %-6 kg of pluto-
nium metal, Only ore procers unit is available.
Vecuum casting produces a plutonium metal anode
which i{s sent to electrorefining or to the vault,
A by-product of the casting process is >85% oxide
which is racycled to DOR, The casting process is
on@ stap; the one available operator must ba
praesent for the entire operating time.

Flectrorefining

An anode {8 transferred from vacuum casting
or the vault to ER and used as a charqe for elec-
trorefining. There are no restrictions on the
size of the charge since that is fixed in casting.
One ER process unit |s available. The product of
elactruref.ning s pure metal, which is sent to
the vault for storage. By-products include an
anc2da hael and ER Salts, which are sent to the
vault for recovery, Crucibles, another by-prod-
uct, are sssunmed to be below discard limits and

are sent to wasta storage. The ER process is com—
posed of four steps: satup, start-up, stop proc-
ess, and breakout. Each step has its own operator
and procass times. One operator is available to
run ER.

DOR Salt Recovaery

DOR salts are below discard limits but con-
stitute a large volume of wasta. This process
regenerates the salt and sends the required amount
back to DOR for reuse The aexcess salt (about
20%) is sent to waste storage. Additional waste
is generated in the form of crucibles. Five
process units and threa oparators are available
for DOR salt recovery. DOR salt recovery has four
steps: setup, loading, reaction, and completion,
Each step has its own operator and processing
timas.

ER Salt Recovery

ER salts contain a significant amount of
plutonium, which must be recovered, and present a
processing problem for aqueous racovery. This
process ramoves most plutonium from the salt as
metal for recycle to vacuum casting. Two types
of salt are generated: white salt is recyclud to
ER; black salt is sent to the vault for racovery.
Ona@ procass unit is available. This procaess re-
quires the same operator as ER, ER salt recovery
has four staps: setup, heating, reaction, and
breakout. tach step has its own operutor and
processing times.

Pyrcredox
Pyroredox is a combination of several reac-

tion steps. It is used to purify the anode hael
by—product f'rom electrorefining. The product of
this procaess, impure metal, is recyclad to vacuum
casting for fabrication into anodes. By-products
are ¢inc waste and salt and crucible, which are
all below discard limits and are sent to waste
storage. One unit of this process is available;
a new operator wss added to run this procoss.
Pyroredox has ten steps: setup 1, start-up 1,
oxidation, liftout, cooldown, separation, setup 2,
start-up 2, reductiun, and bireakout, Each atep
has its own operator ard processing times,

At the beginning of the simulation for aach
version of the metal processing line, the vault
contained a quantity of >985% oxide graeat enough
to feed the line for the duration of the simula-
tion period, and none of tha unit procaessas con-
tained any material. Consequently, on the first
day of the simulation only the DOR units operated;
on the second day of the simulation casting began
to operate; and on the third day of the simulation
ER bagan to operate. The simulation period chosen
was 10/1/08 through 12/31/86, with account taken
of weekends but rnut holidays. Among the process
parametars monitored waere unit process utiliza-
tion, throughput by unit process and feed type,
product and by-product generation by uni. process
and product type, and accumulation of materials
in the vault. The next section discusses the re-
sults obtained from the two simulations.



V. RESULTS AND DISCUSSION

The simulation examples are not intended to
-epresant the actual opaerations of any particular
‘acility and are intended only for illustration
urposes. The numerical results are probably no*
pplicable to real-life processing but give an
idea of how this simulation program can be used.
rly a pyrochemical metal processing line is con-
jidered; we have not considerea process time and
iaste generated in recovering pyrochemical scrap
:hrough an aquaeous recovaery line. Furthermore,
1s noted earlier, thn recycle prucesres added in
xample 2 are still under devalopment and have
ot been completely demonstratad on a production
calae,

Results for beth examples are summarized in
‘ables II-IV, Procass utilization ir.formation is
iven in Table II. The "average numbaer used" is
alculated as tha number of units in use times
we hours in use divided by the number of hours
f operation of tha active shift. Eecause the
nits may remain active after the operating shift
nds, the "average number used" can bae greator
han the actual number of urits, Notice that of
he three major processes only casting snowed a
haage in usage by adding th2 recycle steps. 1In
rample 1 casting is underutilized, tnat is, it
ust wait for DOR to produce more impure metal;
n example 2, anode heels and ER salts contribute
dditional impure metal so more material can now
@ prccessed through casting. An  interesting
oint about utilization that is not given in
abla II is that addition of ER salt racovery in-
reased the utilization of the ER operator by
bout 50% without interfering with the operation
f ER. (Remembaer that .he ER operator is used
or both ER and ER sal*t rcocovery).

TABLE II

PROCESS UTILIZATION

Orocess Number  Average !"umber Used
Units Ex 1 Ex. 2

DOR 5 6.04 6.04
Casting 1 0.60 0.6%
ER 1 2.6; 2.61
DOR Salt Rec 5 - 5.93
ER Salt Rac 1 - 0.41
Pyrorodox 1 - 1.12

Tha numbas of batchas, total kilograms of
lutonium, ana cotal kilograms of bulk processed
y @ach unit process are listed in Takle III.
i1k refers to tha %otal mass of matarial includ-
g plutonium. Yha incieased usagn of casting in
wample 2 (s observed in Table III as the ir-
~aased number of batches processad. Although
e total amount of material processed by casting
wcreased in enample 2, the average batch size

decreased. This shows up in the decrease in the
amount of material procassad by ER. Casting re-
quires 5-6 kg of bulk before process initiation;
seven DOR impure metal batches are required to
achieve this amount in example 1; however, only
six OOR impure metal and oune racycie batch (from
ER salt recycle or pyroredox) activate casting in
example 2. The combined batches with raecycle
material are always smaller than the seven batches
from ER thus yielding a 'maller anode from casting
when recycled impure metal is used. A possible
means of avoiding this problem and perhaps in-
creasing the throughput of ER is to coumbine two
or three raecycle batches before transfer to cast-
ing, thus giving larger casting charges when re—
cycla matg:ial is used.

In Table IV is a listing of process, scrap,
and waste materials generated during the simula-
tion and remaining in the vault at completion of
the simulation. It can be seen that ER is & bot-
tlenack for *the metal procaessing line. In exam—
ple 1, it processed only 16 anzdes (as seen from
the number of batches of ER salts produced) and
has 19 anndes waiting for processing. Addition
of the recycle steps in example 2 caused a furthar
increase in the number of anodes in the vault,
sinca ER could not handle the increased throughput
of casting.

In both axamples the scrap materials in the
vault require further procacsing. In example 1,
all scrap .s intanded ton be processed by aqueous
recovery. In aexample 2, only black salt is in-
tended for procassing by fqueous. Waste can be
discardud. The addition of pyroredox in example
2 reduced the numbar of anode heals in the vault
to zeru, thus eliminating the need fur aqueous
processing of the haels and eliminating an inven-
tory taerm in the materials balance aquation. The
same is true for ER salt recycle; ER salts waere
eliminated., DOR a3alis are discarded in example 1
and regenerated in example 2; salt regeneration
reduces the amount of wuaste 3salts, which often
constitute a measurement problem for safequards.

All of this occurs at sume expense. PBoth of
the 3crap racovery operations in example 2 genar-
ate scrap and waste that may present more of a
problem for accounting than the originsl materials
they process. Another problem that these axam—
plas do rot address is the impact of tha pr.cess
«hanges in pyrochemical procassing on the rest of
the facility. For .xample, even though the re-
cysle steps reduced the amount of scrap and waste
from the pyrochemical line and allowed rapid turn-
around of recycle material, it generated scrap
tnat may present more of a problem for aqueous
recovery. Thu problem {s compounded if some of
the waste gcnerated by tha recycle steps really
does not fall below the discard limits. To deter-
mine the complate ._mpact on procassing, all as-
pects of the facility would have to be incorpor-
atad into tha simulation. Other parts of the
facility need not be repraesented in the detaijl
usad in thete examplaes; the data for entir? proc-
ess liney could be entered as one 'nit process.
The pyroredox unit process is wsn exampla or this,



TABLE III

MATERIAL PROCENSED

Process Batches kg Pu kg Bulk
Ex. 1 Ex. 2 Ex, 1 Ex. 2 Ex. 1 Ex. 2
DOR 245 245 195.8 195.4 226.6 226.1
Casting 35 39 190.8 203.6 195.2 208.6
ER i6 16 80.2 77.8 82.6 80.2
DOR Salt Rec - 194 - 0.8 - 1102.0
ER Salt Rec - 16 - 5.6 - 30.4
Pyroredox - 15 - 7.9 - 9.6
TABLE IV
VAULT HOLDINGS AT THE END OF THE SIMULATION
Material __ Batches kq Pu kg Bulk
Ex. 1 Ex. 2 Ex. 1 Ex. 2 Ex. 1 Ex, 2
Impure Matal 0 0 0.0 0.0 0.0 0.0
Ancdes 19 22 91.6 106.3 94.4 109.5
Arode Heels 16 0 8.7 0.0 10.5 0.0
Pure Matal 16 16 65.7 63.8 65.7 63.8
ER Salts 16 0 5.8 0.0 30.6 0.0
Black Salt - 16 - 0.2 - 0.7
Wastes:
Cruciblae 97 113 0.0 0.¢ 187.7 198.9
salt & Crucible - 209 - 0.2 - 306.9
Zinc wWaste - 15 - 0.04 - 3.6
DOR Salts 245 a6 1.0 0.2 1390.9 260.4

Pyroredox is actually two processes as described
in the process steps in the example data set, and
in a "real-life" facility could be as many as four
or five processes; but in this example it is
treated as one unit process.

B8y building material measurements irto the
simulation, one can estimate the impact ¢ process
changes on materials accounting This could be
particularly useful for large or rapidly changing
facilities as wnll as for planning. Addition-
ally, the model can be uzed as a scheduling tool
so that, for example, only the needed materials
would be rewoved from a vault for processirg, thus
reaucing processing conflicts and the amount of
in-process sterage,

v, PLANNEO ENHANCEMENTS TO THE MODEL

The model is rcw sufficlently complete so
that it can be used for process simulations but
is still under development. Work is unde,~ way to
replace the human-readable data files the model
program uses by binary files that are maini.ined
by menu-driven auxiliary programs; tiis change
will not only simplify davelopment and naintenance
of a facility description but will reduce the time

raquired for input of facility data when the pro—
gram executes. A more flexible methud of handling
conflicting raquests for procass personnel will
soon be incorporated into the program. In addi-
tion, wae are still experimenting with the content
of the output revports generated at the conclusion
of a simulation, and continually discover the
nead for additional items of information not pre-—
vicusly calculated and/or reportad by the prograa!
When the definitions of the printed reports have
stabilized somewhat, we plan to Jdavelop graphical
presentations for those items of simulation infor-
mation that can benefit by such display.

We also plan to oxtend the scope of the
model to include material measurement simulations.
The modei can then be appliaed to material control
and accounting ttudies and in particular can be
used to determine approximate valuss for inventory
difference variances for process operations Lhat
are not in a steady state. Oetermination of non.--
steady-state material measurement variances by
means other than simulation is nften extremely
difficult.



Finally, we note that, though the model has
been developed spacifically for che Los Alamos
Plutonium Facility, its design probably will per-
mit it to be adapted with relative ease for use
at other nuclear material processing facilities
that operate in batch mode. In fact, alterations
to the program itself will be needed only when
the new facility to be modeled contains generic
features not present at the Los Alamos Plutonium
Facility, and the number of such feature- ‘-an be
expected to be small. Most of tha adap.ation
will only require the construction of an appro-
priato set of data files for the naw facility.
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