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‘rhe Los Alamos Plutonium Facility contains
more than sixty unit processes and handles a large
variety of nuclear materials, including many forms
of plutonium-bearing scrap. The management of
the Plutonium Facilityis supporting the develop-
ment of a computer model of the facility as a
means of effectively integrating the large amount
of information required for material control,
process planning, and facility development. The
model is dasignad to provide a flexible, easily
maintainable facility description that allows the
facility to be represented at any desired level
of detail within a single modeling framework, and

to do this using a model program and data ~iles
that can be read and understood by a technically
qualifled person without modeling experience.
These characteristics were achieved by titructuring
the model so that all facility dats is contained
ir. data files, formulating the model in a simula-
tion language that provides a flexible set of data
structures ano permits a nemr-Enylish-language
syntax, end using a description for unit procensea
that can represent either a true unit procoms or
a major subsection of the facility, Us~ of the
model is illustrated by applyinq it to two config-
urationfi of ● fictitious nuclear material process-
ing line,

I INTRODUCTION

The Los Alamos Plutonium Facility contains
more than sixty unit processes utilizirg both
aqueoum chemietry anti pyrochemical methotin, and
it is callad upon to process a wido variety of
nuclear materials including most known forms of
plutoniumwbearing ecrap, The complexity of tha
facility and the variety of the feeds it recaives
create a oignif!cant challengo in generating
proceslinq schedules ●nd maintaining a compruhan-
sive picture of tho flows of nuclear materiale
within the ?ac!lity, particularly because detailed
knowledge of the status of varioue sections of
tho ?acillty 1s usually fragmented ●mong ● number

~This work supported by tho U, 8, Departme~t of
Energy, OfFlcO o? Nuc-lear Materials Production
●nd Office of Production ●nd 9urveillanco,

of different people. However, failure to maintain
a comprehensive overview of facility operations
can result in processing inefficiencies, and can
impede the detection 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 enten-
sive body of information concerning the facilitj
in a fashion that would be useful for planr,ing
and operational purposes and for the evaluation
of the effects of technological innovation, and
is sponsoring the development of a computar modal
to achieve theee ends.

The purpose of this paper is to describe the
featureu of the facility model that is being de-
veloped and to illustrate come of it:s potential
applicatims Rs an example, we use the model to
examine the operational characteristics of two
versions of a fictional but realistic pyrochemical
plutonium metal processing line In the Pirct
version of the line all by-products of the pyro-
chemical )roce9ses are either discarded or are
retained for aqueous chemistry rocovory; e:)d in
the second version a number of internal pyrochwn-
ical recovery steps ●re added, in dm attempt to
reduce the quantity of material that must be proc-
esned by aqueous chemistry methods. The model is
used to simu!,ate operation of each c,? these metal
processing linus for a 3-month period to determine
how incorporation of the recycle steps affects
product and waste ganoration,

The Structure of the m~del itgalf is tje-
scribod in the next section. Section 3 presents
the two versions of the metal processing Iina
that ars ntudiud, and the result~ of the process
simulations for thuse two lines are given in Sec-
tion 4, Planned enhancement, for the model are
discussed in Section !),

11 FEATURES OF THE MODEL

Considerable attention was given to deoign
of the logical btructure for tho model in an ef-
fort to achieve the gr~attot flexibility and ease
of maintenance po9sibie, In particulm, tho foi-
lowing were identified ●t important ●ttributes
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
processaso

(2) The model should allow the ?acilicy to ba
represented at any desired level of detail.

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

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

These characteristics are oesirable because the
structure of the Plutonium Facility is not only
;omplex but also changes relatively frequently;
because both long- and ~hort-range plar,nirg
studies are to be done within one modeling {’~~me-
work; because facility optimization md techno-
logical innovation studies are to be done that
involve variations in process structure aa well
as process parameter; and because the analysts
developing the 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 ~
facility information is contained in data files,
No facility ! formation of any kind is contained
in the model program itself, though the program
does reflect--and limit-the kinds of facility
information that are ut!.llzed in the model. The
data filas themselves are currently in human-
readable text form with descriptive legends iden-
tifyirlg the items of facility 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 detail, of the model
program itself. The human-r~adable text files
will soon be replaced by binary filet maintained
by ● manu-driven “front-end” program to simplify
maintenance o? the facility description even fur-
ther,

2. The model 1s formul~ted in a simulation

language that permits ● naar-English-languaga
syntax and that provides ● laqe, flexible set of
deta structures, The near-Englieh-languaqe eyntan
mak~s it possible to write the model program in a
form that can be r~ad by computer-literate proceo,
personnel who have no modeling expericncg, The
flexible set of data structures ●llows one to
place tha focillty information In data files and
then generats ●t execution time the descriptor
variables required by the program,

3, A unit process is treated in tha model
rns ●n operation that transforms ●n input nuclear
material Item into ● set of output items (a prod-
uct and pon~ibly one or more by-products), and

that requires a set of human and equipment ra-
sources and somg period of time to achieve the
transformation. This representation makes it
possible to treat any de~ired subset of the facil-
ity from a true unit process to an entire process
line as a “unit process” for purpo$es of modeling.
Consequently, detailed facility planning and opti-
mization studies can be performed 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 uith a process ddta
file that ~ats entire process lines as “unit
processes” with appropriate input and Ohdtput mate-
rial flows, and with batch sizes and process times
adjusted to represent axtended processing periods
such as weeks or months.

The model program ha~ bee,l constructed to
permit inclusion of most type~ of facility infor-
mation that night be expected to affect operation,
These include provision for

● Multiple operating shifts, each with its own
set of break and meal periods for process
personnel;

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

● Several flaxible material selection schemes
for unit processes that draw feeds from the
vault;

● Multiple alternative destinations for proces?
products with actual choice of destiltation
determined by priority order and by space
availability;

● Multiple steps in the functioning of each
unit process with each step having its own
requlrementn for time and process personnel,

This framework has proved to be flexible and easy
to use in the applications of the model made thug
far and has been completely adequate to describti
the procese information of interest,

111, EXAMPLE PROCESSES: A PLUTONIUM t4E1’tll. PROC-
ESSING LINE

The model is demonstrated using two axample
proce*sQsa Both examplds are ?iccional plutonium
metal processing lines, The first cont~ins no
recovery processes, The second is tho s~me lino
with several pyrochemical recobery procenaen
tidded, The recycle #tep8 in the ,econd e[mmpie
●ro currently under development, and have not
been demonstrated on ● production scale, Infor-
mation ufied in the k:odels is a composite of data
from several referent... O-O

Table I contains a listing ot the uni’ proc-
e?teo with tha product yields, proce,a permonnel
(“operator”) time r9qulrement8, arrd total oper4t-
Inq timo requirement, rho unit procefitefi are
fi,scribed below, Cxample i contains Direct Oxide



Reduction (DOR), Vacuum Casting, and Elect rore-
fining (ER). Example 2 usa:! these thres unit
processes plus DOR Salt Recov@ry, ER Salt Recov-
ery, and Pyroredon. In both cases, oxide gener-
ated by casting is recycled to DOR.

EXRMPLE PROCESS INFORMATION

Unit Process Yield (%)* Hours
Operator To=

Direct Oxide
Reduction 99.5 2,0 12,0

Vacuum Casting 95.0 8.0 0.0
Electrorefining 82.0 10.0 77,0
DOR Salt Recovery u-m 5,0 15.0
EF? Salt Recovery 96.0 4.75 12.75
Pyroredox 99,0 8,25 36.25

~’f~eld = f Plutonium in product~ ~ loo
(Plutonium in feed) ‘

itllThi~ step is for solid waste reduction, not Plu-

tonium recovery.

Direct Oxide Reduction (DOR~
In DOR, batches of >85% plutonium oxide are

taken from the vault to form a charge of 800-1000
grams of the oxide for each process utiit. There
ara five process units available, QOR produces
impure metal that is sent to vacuum casting, if
space is available, or to the vault for storage
otherwise, By-product Imaterials inc luda DOR
salts, iund crucibles that are below discard limitu
and are s~nt to waste storage, The complete
p~’ocess includes four steps: setup, lomding, re-
action, and breakout. Each step has it$ own oper-
ator tim~ a~d proceeding time. Five operators
are available to run DOR.

Vacuum Castinq—..
Batches of’ impure metal ara taken from DOR

or the vault to fo”rm a load of 5-6 kg of pluto-
nium metal, Only one process unit is available,
Vectidm casting produces ● plutonium metal anodu
which is sent to electrorefiminq or to the vault,
f+ by-product of tho casting procass 18 >85% oxide
which is recycled to DOR, The casting process is
one step; tho one available operator must bo
present for tho entire oporating time,

Flactrorofining
&n ●node is transferred from vacuum casting

or th~ vault to ER ●nd used as a char-w for alec-
trorafininq, Thor. ure no restrictions on th.
sizo of tha chargo since that is fined in casting,
On- ER proces$ unit 1s &va~lable, The product of
electruraf,ning 1s purs metal, which is sent to
the vault For storaga, By-products includo ●n

ane?s haal and ER !3alts, which ars sent to thm
vault for rmcovaryo Crucibles, another by-prod-
uct, ● re assumed to bg balow discard limits ●nd

are sent to wast2 storage. The ER process is com-
posed of four steps.: :Ietup, start-up, stop proc-
ess, and breakout. Each step has it;s own operator
and process times. One operator is available to
run ER,

DOR Salt R@COVOI”Y

DOR salts are below discard limits but con-
stitute a large volume of waste. Thi~ process
regenerates the salt and sends the required amount
back to DOR for reuse The excess salt (about
20%) is sent to waste storage. Additional waste
is generated in the form of crucibles. Five
process units and three operators are available
for UOR s~lt recovery, DOR salt recovery has four
steps: satup, loading, reaction, and completion,
Each step has its own operator and proces~ing
times.

ER Salt Recovary
ER salts contain a significant amount of

plutonium, which must be recovared, and present a
processing problem for aqueous recovery. This
process removes most plutonium from the salt as
metal for recycle to vacuun casting< Two types
of salt are generated: white salt is recycldd to
ER; black salt is sent to the vault for recovery.
One process unit is available, This }~rocass re-
quires the same operator as ER. ER salt recovery
has four steps: satup, heating, reaction, and
breakout, Each step has its own operutor and
processing times,

Pyrcrvdox
Pyroredox is a combination of several reac-

tion steps. It 1s used to pllrify the anode heel
by-product from electrorefining, The product of
this Process, impure metal, is recycled to vacuum

casting for fabrication into anodes, By-products
are tine Wa5te and salt and crucibl~, which are
all below discard limits and are sent to waste
st3rage< One unit of this process is available;
a new operator was added to run this procuss,
Pyroredox has ten steps: setup 1, start-up 1,
oxidation, liftout, cooldown, separation, setup 2,
start-up 2, reductiun, and breakout, Each ?tep
has its own operator and processing times,

At the beginning of the simulation for ~ach
uersion of the metal processing line, the vault
contained a quantity of >85% oxide graat anough
to feed the line for the duration of the simula-
tion period, and none of tha unit processes con-
tained any material. Consequently, on the first
day of the simulation only tha DOR units operated;
on the $econd day of the simulation chrnting began
to operata; ●nd on the third day of the simulation
ER bagan to operate, The simulation period chosen
was 10/1/06 through 12/31/86, with account taken
of weekends but rwt holidays, fimong the procesv
parameters monitored were unit proce~~ utiliza-
tion, throughput by unit procesv and feed type,
product and by-product generation by unl: proceau
●nd product type, and ●ccumulation of materials
in lhe vault, The next section discusset the re-
sults obtained from the two simulations,



[v. RESULTS f3ND DISCUSSION

The simulation examples are not intended tG
.epresent the actual operations of any particular
‘ac.ility and are intendad only for illustration
)U1-posss . The numerical results are probably no”
\p,plicable to real-life processing but give an

~daa of how this simulation program can be used.
~rly a pyrochemical metal processing line is con-
sidered; we have not considered process time and

mste ganerated in recovering pyrochemical scrap
:hrough an aquaous recovery line. Furthermore,
IS noted earlier, thn recycle proces?as added in
:xample z are still uncle- development and have
lot been completely demonstrated on a production
,cala,

Results for both examples are summarized in
‘ables II-IV. Process utilization irjformation is
iven in ‘Table 11. The “average number used” is
alculated as th~ number of units in use times
he hours in use divided by thu number of hours
f operation of th~ active sk.ift. Because the
nits may remain activa after the operating shift
rrds, the “average number used” can be greater
han the actual number of ur,its, Notice that of
he three major processes only casting smoued a
ha,rgc in usage by adding tbz recycle steps. In
~ample 1 casting i~ underutilizell, tnat is, it
ust wait for DOR to produce more impure metal;
n example 2, anode heels md ER salts contribute
dditional impure metal so more waterial ca~ now
e prccessed through casting. &n Interesting

oint about utilization that is not given in
abl~ II is that addition of ER salt recovary in-
reased the utilization of the ER operator by
bout 50% wJithout interfering with the operation
f ER (Remember that ~he ER operator is used
or both ER and ER salt recovery),

TABLE II

PROCESS UTILIZATION

?rocoss Number Averaqe !’umber Used
Units Ex 1 Ex, 2

DOR 5 6.C4 604
Casting 1 0,60 0,65
ER 1 2.6i 2.61
DOR Salt Rec 5 5.93
ER Salt Rnc 1 0,41
Pyrl!r 1,(!OX 1 1!12

The numbm$’ of batches, total kilclgrams of
Lutonium, and ~otal kilograms of bulk procer)eed
1 each unit procaus are listed in YYklo 111,
ilk refers to tho total mans of material, includ-
w plutonium, 1%s inc:’aasod usagn of custirq in

~ample 2 1s ob$orved in Tablo 111 as tt,e ir-
“eased number or batches processad, Although
w total amount of material processed by casting
\creasod in ekampie 2, the ●verago batch size

decreased, This shows up in tha decrease in the
amount ot material procas~ad by ER. Casting re-
quires 5-6 kg of bulk before process initiation;
seven DOR impure metal batches are requirad to
achieve this amount in example 1; however, only
six DOR impure metal and one recycle batch (from
ER salt recycle or pyroredoii) activate casting in
example 2. The combined hatches with recycle

material are always smaller than the seven batches
from ER thus yielding a ~maller anode from casting
when recycled impurti metal is used. A possible
means of avoiding this problem and perhaps in-
creasing the throughput of ER is to combine two
or three recycle batches before transfer to cast-
ing, thus giLJirrg larger casting charges when re-
cycle matei.ial is used.

In Table IV is a listing of process, scrap,
and waste materials generated during the simula-
tion and reraining in the vault at completion of
the simulation. It can be seen that ER is c bot-
tleneck for the metal processing Iinq. In exam-
ple 1, it processed only 16 .snades (as seen from
the number of batches of ER salts produced) and
has 19 anodes waiting for processing, fiddition
of the recycAe steps in example 2 caused a furt!wr
increa$e in the number of anodes in tha vault,
since ER could not handle the increased throughput
of casting.

In both ~xamples the scrap materials in th~
vault require furthqr processing, In example 1,
all scrap .s intanded to be processed by aqueous
recovery, In example 2, only black ~alt is in-
tended for processing by rqueous. Maste can be
discardud, The addition of pyroredox in example
2 reduced the number of &node heels in the vault
to zero, thus eliminating the need for aqueous
processing of the hqels and eliminating an inven-
tory term in the materials balance equation. The
same is true for ER salt recycle; ER salts wore
eliminated, DOR nmlts are discarded in example 1
ard regenerat~d in example 2; salt regeneration
reduces the amount of wastu salts, which often
constitute a measurement problem for $afeguards,

All of this occurs at some exp’ense, Both 0?
the scrap recovery op.srbtions in example 2 gentir-
ate scrsp nnd waste that may present more of a
problem for account:rrg than the original materials
they process, Another problem that these exam-
plns do rot addro~s is the impact of the pr~cess
(.hanges in pyrouhemical prOLaS~AnCj on the rest of
the facility, For ~xample, evvn though the re-
cycle steps reduced the amount of scrap and waste
from the pyrochemical 14nu and allowed rapid turn-
●round of’ recycle material, it generated scrap
tnat may present morm of ● problem for aqueous
recovery, Thb problem is compounded if some of
the wasta generatad by tha recycle staps really
does not fall below the discard limits, To deter-
mine the complato impact on processing, all ao-
pects of the facility would have to bv incorpor-
ated into tha simulation, Other partv of the
facility naed not ba r~presentud in thg detai!
used in thete examples; tho data for entira proc-
oos lines could be entered at one ‘mit process,
The pyroredox unit process 1s In e~amplo or this,



TfIBLE III

process Batches kq PU kq Bulk
En. 1 En. 2 Ex, 1 Ex, 2 Ex. 1 Ex. 2

DOR 245 245 195.8 19544 226.6 226.1
Casting 35 39 190.8 203.6 195,2 200,6
ER 16 16 80.2 77,0 82,6 00.2
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 tq Pu kq Bulk
G. 1 Ex. 2 Ex. 1 Ex. 2 Ex. 1 Ex, 2

Impure Metal G
Ancdes 19
ficode Heels 16
Pure Metal 16
ER Salts 16
Black Salt ,.

Wastes:
Crucible 97
Salt & Crucible -
Zinc Waste
DOR Salts 245

0
22

0
16

0
16

113
209

15
46

0,0
91,6

8.7
65.7

5,8

0.0

1.0

0.0
100,3

0.0
63.8

0.0
0,2

0,(-’
0.2
0,04
0,2

0.0
94.4
?.0.5
65,7
30,6

187.7

1390.9

0.0
1095

0,0
63.8

040
6.7

198,9
306.9

3,6
2604

Pyroredofi is actually two processes an described
in the process steps in the example data set, and
jn a “real-life” facility could be as many as four
or five processe8; but in this example it is
treated as one unit process,

By building material meaauvements ir,to the
simulation, one can estimate the impact c, process
changes on materials accounting This could be
particularly useful for larqe or rapidly chang{.ng
facilities as WO1l as for planning, Addition-
ally, the model can be u~ed as a scheduling tool
so that, for example, only the needed materials
would be re~,loved from a vault for processing, thus
raauclng processing conflicts and the amount of
in-pr~cess storage,

v, PLRNNEO ENHANCEMENTS TO THE MOOEL

The model is ncw sufficiently complete so
that it can be used for process simulations but
is stillunder development, Work is ~nder way to
replace the human-readable dnta files the model
progr~m uses by binary files that are mainl!~in~d
by menu-driuan auxiliary prtlgrams; t~lis change
will not onl$ simplify developnant md maintenance
of a Facility description but Idill reduce the time

requ
gram
conf

red for input of facility data when the pro-
executes. A more flexible method of handling
icting requests for process personnel will

soon be incorporated into the program, In addi-
tion, we are still experimenting with the content
of the output ruports generated ut the conclusion
of a $imulation, md continually discover the
ne@d for additional items of information n~t pre-
viously calculated and/or reportad by the progra,,~!
When the definitions of the printed reports have
stabilized somewhat, we plan to develop graphical
pr~sentations for those itemn of simulation infor-
m~tion that can benefit by such display,

We also plan to axtcnd the scope of’ the
modul to include material measurement simulations,
The modei can then be appliad to material control
and accounting Ltudies and in particular can be
used to determine appronimatti values for inventory
difference variance, for proceeo operations Lhat
are not in a steady otate, Oetarmination of Iwn..
steady-state material measurement variances by
m~ans other than simulation is often entremelj
difficult.



Finally,we note that, though the model has 4.

been developed specifically for che Los r?lamos
Plutonium Facility, its dasign probably &Jill per-
mit it to be adapted with relative ease for use
at other nuclear material processirlg facilities
that operate in batch nlode. In fact, alterations
to the program itself will be needed only when 5.
the new facility to be modeled contains generic
features not present at the Los Alamos Plutonium
Facility, and the numbtir of such feature- ‘an be
expected to be small. Most of the ada~~ation
will only require the construction of an appro-
priate set of data files for the new facility. 6.
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