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ABSTRACT

Los Alamos is constructing an integrated process
monitoring/materials control and accouating
(PM/MC&A) system in the Advan:ed Testing Line
for Actinide Separations (ATLAS) at the Los
Alamos Plutonium Facility. Tha ATLAS will rest
and demonstrate new methods for aqueous proc-
essing of plutonium. The ATLAS will also de-
velop, tes., and demonstrate the concepts for
integrated process omonitoring/msterials control
and accounting. We describe how this integrated
PM/MCGA svstem will function and provide bene-
fits to both process research and uwaterials
accounting personnel.

I. SUMMARY

Nuclear materials accouncing is an iwportant
part of nuclear fuel cycle operations. [t pro-
vides assurance that nuclear material is present
and at its proper location. The materials ac-
counting system can aleo supply infcrwation that
ia usaful to Operationa. A modern materials ac-
counting and control system can wonitor proceas
and equipmen: performance, material sccumula-
tion, and operational safety. This paper shuws
how s modern MCLA system can provide usefil
information on process systems and describes a
Los Alamcs plan to demonstrate an integrated
process monitoring/materia's accounting and con-
trol (PM/MCLA) system.

The operational benefits of wn {ntegrated
process control/near-real-time naterirla ac-
counting system are many. Computerizad MCELA
systems aviilable in modern process plants allow
closure of materlals balancey on {individusl
material movarerts or process oparations. Fre-
quent closures on materials bslance areas (MBAs)
or individual pcocess vessels can 'ocalize and
identify process prohlems quickly. The Advanced
Testing Line for Actinide Separations (ATLAS)
PM/MCLA system will monitor process performance
and assist the operatsr and expevimenter by
accumulating and analysing axperimental data.

Los Alamos is planning development and dem-
onstration of an integrated PM/MC&A system in
the ATLAS at the Los Alamos Plutonium Facility.
The ATLAS will test and demonstrate naw methods
for aqueous processing of actinides and also
will develop, test, and demonstrate concepts
for integrated procass monitoring/materials con-~
trol and accounting.

The ATLAS integrated PM/MC&A system will use
personal computers located at the line to aid
the technician and research scientint. The PC-
based system is designed to be modular, trans-
portable, and to allow future growth. This
approach will permit €nture expansion of the
system to include additional process units and
modification to fit the peculiarities of spe-
cific unit operations.

The initial system will have the capability
for progressive growth in a staged manner so
that individual PM/MCLA concepts can be tested
and proven, revised, or discarded. The {nitial
Phase [ system will include:

e automated generation of safeguards data for
manual input to the Los Alamos Materials
Accounting and Safeguards System (MASS),

¢ automated checkiug of MASS inputs for con-
sistency and errors, and

* monitoring and authorization of material
tranafers to assure that uspecia. nucleer
material (SNM) critical safety limits are
not exceeded.

Later phases may i{nclude:

o automated capture of process and safeguards
data for MASS entry,

. process sequence and parameter selection
using an "expert system'' to assist the oper-
ator,



. aaterial balances zlosurs _-sing nonac-gunc-
ebility grice process data to track trans-
actions, and

. automated -ollection and analysis of experi-
mental data.

The integratea PM/MC&LA system will help the
operator understand and follow the performance
2f nis plant without htindering plant osperations
and productisn. This project will develop a
computer-pased aystem for tracking the process-
ing axd movement of nuclear materials. The
svstem will demonstrate the application of per-
sor.al computers lacated in the operating area,
at or near the procass line, to facilitate both
process operations and material safeguards in a
timely and efficient manner. This system would
unite the process control/management and mate-
rials cont-ol/accounting data collection systems
into a singie, integrated system in which infor-
mation is exchanged between these asystess for
their mutual benefit. The syctes will be in-
stalled and tested as part of the ATLAS process
development line.

II. INTRODUCTION

A modern MC&A system can follow process
performance and detect nonstandard conditions.
The frequent :losure of materials “alancas on
individua. process units can track msterials
processing and equipment performsnce. This
allowvs the syatea to provide information on
process streams where measurements are imprac-
tical and 1dentify process upsets or equipment
misoperation. It can also wmonitor material
transfers in process equipment and glove boxes
to prevent the accumulation of unsafe quantities
or monitor the accumulation of SNM in nonmcas~
urable areas.

The PM system provides additional data in-
puts to the MCGA system that can be used to
reconcile materials balance closures when un-
explained discrepancies occur. Process contrcl
data can provide information that allowa fre-
quent balance closure at the level of the in-
dividual process unit and can localisze real
material losses in both time and physical loca-
tion.

MCLA should use ;-ycess control measurements
wnenever feasible. Where accountablility-grade
measurements are not available, SNM valies :can
be inferred from secondary correlations using
procass measurements (der.sity, historical val-
ues, @tI.) Or other attributes (volume trana-
fearred, etz.). The MCLA asys.em should not
impair plant operation and production. A gond
MCLA system should enhince the operatdora under-
standing 9% prccess aystems performance.

To gain a productive interaction betwveen trhe
MCaA and process control aystems, Safeguards and

Jperations personnel must work togetrner during
the initial stages of process and plant design.
Their goal should be Lo provide an effective
materials accounting system that provides proc-
=83 monitoring, Ionirol, and other operational
benefits while limiting cost impacts.

III. ADVANCED TESY LINE PFOR ACTINIDE SEPARA-
TIONS

The ATLAS facility w.il develop the anext
genaration of actiride procesaing and =2aalytizal
instrumentation. These naw procedures and
equipment will enhance Los Alamos’ :zbility r=
process intractable scrap in sasvpport of UDOE
plutonium recovery efforts. The ATLaS is a com-
pleze processing line witk the ability to dis-
sclve and purify ivcoming materisal and process
the resulting liquid and solid vaste. The floor
plan is designed in modules so that equipment
can be modified or replaced without disturbing
other operationa. The floor plan is shown in
Fig. 1. Flexibility ard cthe capability to
process s wide variety of scrap will be provided
using the flow sheet shown in Fig. 2.

Esch unit operation has been planned a0
that uew processing concepte can be installed
without upsatt.ng thc encire process lins. The
unit operation approach wili facilitate the
implemsntation of the Comprehensive Materials
Accour.ting and Safesuards System (CAMCAS) by
allowving matarials balances tc be drawn ardsund
individual opsrations or a combinazion of aunit
.peratic-as.

The ATLAS +~il! accomplish several other
ot jectives besides pr:viding research and pro-
duction suppoct for the DOE. With on-line “'real
time " analytical cepabillty, a better under-
standing of the fundamencal chemist:y 1involved
in all asgicts of ecniaide processing will be
achieved. With this information, i.iproved proc-
essing pr-ocedures will be possibie. These ana-
lytical chniques will make materials saccoun=-
{ng much eanier and more a.curate. The ATLAS
lina will becoms a focal point for tecknoiogy
ex:hanga with other eites and aleo jrovidu the
technical direction for the plutoni_m proceasing
facilicties of the future.

IV. ?ROCUSS MOMITORING AND MATEIALS ACCOUNTING
SYSTEM INTEGRATION

The feasinliity 2% an 1integrersd process
monitoring and material? s~courting system was
demonstrated during a series >f testr runs con-
ducted at the Barnweil Nuc-lear Fueis Procassing
plant in 1330-8: ! 1hege tests demonstrat.1
both the tecin.ce]l Zeasibility and te.aefits of
near-real-time accounting (NRTA) {n an o2pera-
tional facility. Wwork -urrent.y zeing -sndicted
at Jak Ridge National Laboratory is firtne-
deveiszning ana demonstrating the zancept ot
near-real-time process monitoring.<s)
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Fig. 2. ATLAS flow sheet.

Tisinger et al. rave described a distributed
processing system that provides both procesa
contrnl and materials accounting capability in
nuclear facilicties.® This system, proposed
by the Los Alamos Safeguards Systems Group in
1981,% consist. of groups of {instruments and
terminals in plant production and support areas
connected to local minicomputers that are in
turn connected to a central main computer. This
system is {llustrated in Fig. 3.

Each processing location has instrumentation
and control requirements that are specific to
that location. Computers concerneu with accumu-~
latfon and manipulation of data from instruments
and control of the procesa are located at the
first leve..

Informat.ion
required for auditing and oversight of the
entire plant is collected and analyzed at the
top level. Access to top level data is limited
to those with a2 need for this data (saieguards,
management, and process analysts) and wouid be
secured to prevent unauthorized access.

Testing the feasibility of a distributed
processing system using interlinked minicompu-
ters is currently undervay at Los Alamos. The
test system is discussed in Ref 4. Thias system
is the basis for installation of an integrated
safeguards/process control system that prcvidea
the poaitive features described below.

A. Process Coatrol

Nuclear material processing operations fre-
quently have sidestreams (typically wastes) that
normally contain small to negligible amounts of
product, valuable Iintermediates, or hazardous
materials. These streams may not be monitored
or sampled because they normally contain small
quantities of material or because the measure-
ment is difficult, expensive, or Impractical.
Undetected losses via these sidestreams can lead
to a loas of valuable materfal and adversely
{mpact operations by requiring the material to
be recycled and reworked.
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Fig. 3. A distributed proceis monitoring system.

Los Alamos has detected and monitored loss
of nuclear material using the msterials account-
ing system in a gituation when process instru-
ments could not detect this loss. In 1980-81,
a series of tests were conducted at the Allied-
General Nuclear Services, Barnwell Nuclear Fuels
Plant to test the NRTA concept.l During these
tests a series of planned diversions were made.
At the completion of one test series, several
diversions were detected by the NRTA systerm,
and the point at which the material had been
removed was pinpointed. However, one diversion
wvas detected by the MC&A system that was not a
part of the exercise.® Thia experiernce illus-
trates how a materials accounving system can
provide timely detection and quantification of
material loss where normal monitoring systems
are either unavailable or their inatallation is
impractical.

The computerized materials accounting sys-
tems available in modern process plants allow
closure of balances on individual transactions
(material movements or process operations).
Frequant closures on sub-MBAs or individual
veasels will localize discrepancies leading to
timely identification of process problems. Thia
will facilitate timely adjustment of process
parameters, maximizing process efficiency and
winimizing costly rework operutions. This tech-
nique 1is heing teated and demonstrate¢ by
Ehinger at Nak Ridge National Liborutory in a
materials accounting application.

B. Measurements Control

Procesa mesasurements must be utilized by
the MC&A sys’em to realize a comprehensive and
complete materials accounting. Process instru-
ments are typically less accurate and l+ss well
maintained than "accountability grede'" instru-
ments., Process {nstrumentation may be inaccu-
rate or I{nfrequently calibrated, Neutron moni-
tnrs (provideda for criticality safety) on fon
ex. hange columms, tanks, etc. ate highlv inaccu-
rate, and difficult to calibrate but can provide
valucbie aafeguards information. An {nstrument

of this type can be calibrated by using the MC&A
systam to track additions of material to indi-
vidual process units. A materials ac:ounting
system that includes detailed materials tracking
can monitor instrument performance, estimate
measurement errors, and identify inatruments
that are out-cf-calibration., Instrument biases
can be followed and quantified as they develop,
eliminating unknown errors and reducing instru-
ment service frequency. Msaintenance can then
be scheduled only as needed.

Tank level measuring devices are infre-
quently calibrated because of the time and
effort required. The MC&LA system can check the
calibrations, When an intertank transfer is
made, the quantity shipped and received is
checked to verify completion of the transfer
and 1vceipt of all materisl. Data required to
verify this transaction can also be used to
calibrate lavel instriments.

Figure 4 {llustrutes a three-tank system in
which the second tank contains a level measuring
device with & iow bias. By comparing long-term
data from these instruments, it .s possible to
locate this bias., A materials balance drawn
around the first two tanks would indicate that
s continuous bleed of material (leak, diversinn,
ets.) is occurring. However, if the materials
balance i. redrawn to include the second and
third tanks, it is apparent that there is a
problem with one of the measurements as there
i8 now a net production of materia) that coun-
terbalances the loss observed in the prior MBA,
The amount of bias in the level measurement .(n
the second tank can be quautified such that a
software fix can be used to recalibrate the
system.

The MC&LA system should {ncorporate sovftware
that compares celated data to develop relative
errors, l.e., comparison of volume rereived vs
volume asent, etc. This software can comparn
relevant process data to monitor and establish
the magnituds of process measurement errors.
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Figure 4. Three-tank system with
measurement error.

Anomalies can frequently be resolved by
redrawing the MBA so that the missing {or sus-
pect) data is not a critical component in the
materials balance equation. In the above exam-
ple, reformulation of the tank MBA to include
all three tanks would have eliminated the false
conclusions that resulted from the two-tank MBA
analyses. This method is frequently effective
in resolving anomslies caused by false readings
as the wsuspect instrumen' can be eliminated from
the materials balance equatioa.

The MC4A system can be used as a tool to
develop measurement control charts for instru-
ments. Software updates can be made simply,
quickly, and as required to maintain instrument
accuracies at the highest possible levela.

C. Operations Anslysis

The MCLA system collects and maintains a
large datsbsse on materials flows and measure-
ments. This database concsins & large volume
of information that can be useful to rthe analyst
who wants tu monitor, understsnd, and improve
the efficiency of his operations. With this
data he can ascertain the impact of minor
changes or. process performance. By introducing
smal' changes in process parameters, changes in
operations can be followed and quantified.

For example, the operating temperature in a
process unit might be changed. The MC&A systenm
can be nsed to track and qauantify changes in
system performance. A series of small changes
can be intiroduced and tested under true plant
conditiona to valldate their usefulness. This
technique, known as Evolutionary Operations,
can be used in conjunction with the capabilities
of the MC&4A system tn optimize plant efficiency
and performance.

D. Materials Accouating

Because unexplained inventory differences
(IDg) can disrupt process operations, the job
of a good safeguards officer is to maintain an
MC&A system where anomalies are detected and
resolved with minimum impact on production.

The ability to obtain materiala balance
closure isg generally not limited by inaccuracies
in existing measurements, but rather by unmeas-
ured inventory or holdup. Spillage in glove
boxes, heels in calciners or flourinators, de-
posits in vegsels and pipes, etc. frequently
control ID and its associated limit of error.
Development of ingtruments to detect and quan-
tify holdup can alleviate this problem. How-
ever, development of these inatruments may be
slow and pcesibly not cost-effective.

In handling fine solids, holdup (spil'age)
in glove boxes is a serious problem that is
difficult to measure with any precision. The
holdup term frequently bicomes the major and
controlling source of uncertainty in the mate-
rials balance equation. By the use of tech-
niques gimilar to those wused for checking in-
strument calibrations, it is sometimes poscible
to track the buildup of heels in vessels or
spills in glove boves. If supported by valid
statistical methods, these data can be used to
develop holdup estimators for the materisls
balance equatisr resulting in reduced IDs.

Tracking of materials accumulation in small,
localized process units during plant startup,
cleanout, and restart can yield statistically
supported esrimators of unmeasured inventory
that can be incorporatcd into the materials
balence equation. This investment of time at
startup can sliminate later shutdowns for sys“-em
cleanout or anomaly resolution that would hinder
plant productivity. Modesrn materials accounting
methods can produce data that pinpoints material
loss to holdup and quantify the magnitude and
location of these apparent "losses.'" Tnese data
will also show that what appears to be a signif-
icant loss is in reality the sum of manv small
material accuamlations and measurement errors.

V. SYSTEM DESICGN

The primary goal of this project 1is to
demondtrate the application of small, at-line
computers to the control and monitoring of
nuclear material processing operations. A sec-
ond gnal is to demonsirate that the functions
of process control/management and materials con-
trol/accounting can be combined in a synergistic
manner such that the benefits derived from the
integrated system exceed tho sum of the two
separated s,"cems.



The ATLAS PM/MC&A system will initially be
small and simple with the ability for expansion
as needed and as funding becomes available. The
initial system will conaist of several personal
computers located at the process line.

A. System Functions

1. Process Monitoring and Control. The
ATLAS will handle a wide range of feed materials
each of which may require Jifferent processing
steps and varying amounts of chemical treatment.
The PM/MC&A system will provide 'expert input”
to the operator to assist in set-up and opera-
tion of assay and measurement systema. The
"expert system ' will determine sample require-
ments, provide instrument calibration instruc-
tions, select calibration standards, etc. on
the basis of sample character.

The system will perform materials balance
and stoichiometric calculations for process
operations requiring addition of reagents and
splitting or combining of batches. The system
will calculate the proper amount of chemicals
required by the process on the basis of feed
typs and composition.

Eventually .Ye system will provide the pri-
mary source of procedures and operating plans
for experiments carried out in the ATLAS line.
The systam will have the capability to record
and archive all data taken during the course of
an experiment or process run. Operating plans
provided by request will detail material trang-
fers between process units and processing steps
that are required. The plan can also provide a
listing o required sampling and measurements
data.

The system will maintain a databsse contain-
ing measurements control data for all ATLAS line
instrumentation. The measurements control soft-
ware will be compatible with the existing MASS
information and capabilities. Current MASS con-
trol charts and etatistical tests will be run
on machines located at the measurement point
with monitoring and oversight performed by the
MASS to assure veracity and integrity.

2. Matecrials Comtrol. The movament and
processing of material will be monitored by the
PM/MC&LA system, which will track and maintain
an archival record of all msterial movements
and processing operations. Authorization to
move nuclear material between unit process areas
(UPAs) shall be obtaiued by the ope:r tor from
the system prior to movcment,

The PM/MC&LA syetem will aasure that all SNM
{s transferred in accordance with established
safety procedures and that SNM inventories in
UPAg are within criticality safaty limits. The
sys**m will maintain a log of material {inven-
tor within each UPA to assure that cricicality
safaty limits are not exceeded and alarm {f &
request for transfer of material {into a UPA

could lead to inventory in excess ot criticality
safety limitas. The system will request and
record operator acknowladgement of all alarms.
The system will also have the capability to
list all in-line SNM inventories by location on
demand.

At a future date materials movement and
processing will be a two-stage process. In the
first stage an operations plan will be prepared
by the supervisor and entered into the system.
The second or transaction stage will be carried
out by a separate person (generally an operator)
who will conduct the actual processing or trans-
fer operation.

3. Materials Accounting. In its initial
phase all PM/MC&A system inputg/outputs will be
manual. Later phases will demonstrate elec-
tronic capture of data and automatic transfer
of materials accounting data into the Los Alamos
MASS.

The system will pre-process MASS data to
locate errors, onissions, and anomalies so that
they may be identified and recouciled in a
timely and efficient manner. Some pre-process-
ing of data for the MASS will alao be performed.
The system will not replace nor interfere with
the Los Alamos MASS system, which is the primary
materialn control and accountability system for
the Laboratory.

Most MASS i.puts can be determined on the
bagis of a wmaterial type or prior processing
history; this knowladge will be used to gener-
ate, for the operator, data required by MASS.
At a later stage the system will automatically
select and input data to the MASS. Historical
data patterns and standard patterns developed
by knowledgeable technical personnel would be
compared with input data to identify anomalies
for oparator or supervisory review; preliminary
material balances would be closed to locate
inconsistencies and identify possible erroneous
inputs.

At a future date the system will be upgraded
to calculate an ID for all transactions in ‘the
ATLAS line. ID records will be of two types: a
greliminary inventory differenca (PID) and a
final {nventory difference (FID). The PID may
be calculated using inpiut obtained from indirect
estimates of SNM values, best guesses, or other
appropriate data. An FID may be calculated only
with approved, "accountability grade' data.

All IDv shall have an associated limit of
error calculated from current data contained in
the measurements control dacabase. A cumula-
tive sum record of {inventory differances arg
associated error )imits in each UPA shall be
majntained for the prior and currant month. At
the end of each month, materials accountirg data
from the prior month's accounting data'ase will
be archived to magnetic media.



The Computer Aided Process Surveillance Sys-
tem (CAPS) will assist in the performance of
process monitoring and control, materials con-
trol, and materials accounting functions for
the ATLAS line, The primary functions of the
CAPS gsyscem are descrived below. Other opera-
tions we might provide are measurements control
and bar-coded materials management and identi-
fication.

B. System Hordware

Equipment will be designed for local (at-
line) operation and maintenance by Lab personnel
in the plant operating area. The operating area
io a regulated area subject to occasional low-
level radioactive contamination.

Eqiipment will be selected to facilitate
future system upgrades and/or expansion. System
flexibility is required because the system will
evolve in a continuous manner and it will be
difficult to predict future directions of both
the ATLAS research program and PM/MC&A develop-
ment . -

System design will provide capability for
future direct electronic transmission of ATLAS
instrumentation data to the PM/MC&A system, out-
put of data to the MASS system, and interconnec-
tion with other at-line computers monitoring
other process areas.

The system shall be designed with an "open-
ended'’ architecture to allov future expansion
by additicn of other computers and terminals
using the same vendor hardware.

C. System Software

The system software will be designed for
simple, reliable, and easy use by an operacor
at the process line with minimal training. The
system will allow a technically degreed, compu-
tar knowledgeable (but not proficient) supaer-
visor without a computer acience or related
degree to develop operating-plans, data-sheets,
calculation macros, etc.

The system will allow programmiag of oper-
ating-plans, data forms, and inatructions by
engireers/scientists having limited knowledge
about computer asystems and languages. The
selected languags shall be menu driven with
simple '"Epnglish language” driven programming
capability. A Lotus 1-2-3 or similar, common,
ersy-to-use goftware format will be used.

Data inputs from experimental runs will be
by manual input at a local terminal. Operating
plans will be developed on a separate computer
at & remote locatlon and transferred to the
system via floppy disk. Output from the CAPS
system will be to a local monitor with option
for hard-copy output to a local printer or
floppy disk.

All code will be modular to facilitate in-
dependent testing of individual or linked mod-
ules and to allow future reviaion of existing
modules or addition of new modules. The system
will be designed to allow growth and evolution
in step with technology improvements and a con-
tinuing research program.

VI. CONCLUSION

The primary benefit of a materials account-
ing system to the plant operator is that it will
help him to understand and follow the operation
and performance of his plant., With data from
the MCLA system, he can ascertain the impact of
minor changes on performance. The process can
thereby be fine-tuned to give optimum perform-
ance. Any deviation from optimum performance
can be detectud and conditions restored to those
that are optimum for the particular plaat and
operating environment.

The MC&A system should not hinder plant
operations and production. Operations person-
nel should use the MC&A system to provide an
enhanced understanding of process systems per-
formance. MC&A personnel can provide assistance
in the planning stages in determining where
accounting vill be a problem fo operations can
use their time productively. In summary, Opera-
tions personnel can use an MCLA syatem to their
advantage rather than letting the MC&LA system
take advantage of them.
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