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Résumé

La gestion des matières fissiles est une tâche importante dans
une installation de fabrication de combustible pour des raisons de sécurité
et de sûreté. Les procédés manuels d'inventaire qui conviennent pour le
laboratoire prennent beaucoup de temps, sont incommodes et leur réponse
est longue à venir. Tirant parti des technologies modernes mises au point
pour les systèmes, on a élaboré un système intégré de contrôle et de
comptabilité des matières nucléaires (INMACS) comme solution de rechange.
Ce système devrait éventuellement faciliter l'inventaire général des
matières fissiles tout en répondant aux besoins immédiats de la chaîne
pilote de fabrication du combustible de Chalk River. Un mini-ordinateur
PDP-11/40 a été acheté et un système DBMS de gestion des données a été
conçu et mis en service pour fournir une capacité uniforme de manipulation
des fichiers. Les besoins spécifiques de la chaîne pilote ont été satisfaits
grâce â un ensemble de programmes d'application. Environ 16 années-hommes
ont été consacrées au projet. INMACS a été installé in situ et son utilité
comme système d'inventaire sur place sera démontrée dans la chaîne pilote.

A long terme, la solution INMACS conduira au développement
d'installations entièrement automatisées où l'intégration des fonctions
comme l'acquisition des données, le contrôle des procédés in situ, etc.
pourra donner lieu â de nouvelles méthodes de garanties extrêmement
efficaces.
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IMMACS - An Approach to On-Line Nuclear Materials Accounting

and Control in a Fuel Fabrication Environment*

by

G. Yun, J.V.R. L'Archevêque and R.N. Paul

Abstract

The management of fissionable materials is an
important task in a fuel fabrication facility for reasons
of safety and security. Manual inventory procedures, while
adequate for laboratory applications, are generally time
consuming, cumbersome, and inherently slow in response.
Taking advantage of modern system technologies, the concept
of an Integrated Nuclear Materials Accounting and Control
System (INMACS) was formulated as an alternative solution.
The selected approach offers prospects for tackling the
more general fissile materials inventory problem while
satisfying the immediate requirements of the Fuel Fabrica-
tion Pilot Line at CRNL. A PDP-11/40 minicomputer system
was purchased, and a Data Base Management System (DBMS) was
designed and implemented to provide a uniform file handling
capability. The specific requirements of the Pilot Line
were met by a package of application programs. About 16
man-years have been spent on the project. INMACS has been
installed in the field and its usefulness as an on-line
inventory system will be demonstrated in the Pilot Line.

In the longer term, the INMACS approach will lead
to the development of fully automated plants, where the
integration of functions like data acquisition, on-line
process control, etc. may yield novel and highly effective
safeguards schemes.

*Paper presented at the CNA 17th Annual International
Conference, June 5 - 8 , 1977, Montreal, Quebec, Canada
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Problem Identification

Canada, as a signatory state of the Treaty on the
Non-Proliferation of Nuclear Weapons^-, has agreed to
safeguard all fissionable materials for peaceful uses only.
Accurate inventory and control of nuclear materials are
needed to meet the safeguards agreement and to manage nu-
clear facilities. Various accounting and controlling
methods, based on a voucher system, have been in existence
at Chalk River Nuclear Laboratories (CRNL) for many years.
While adequate for normal laboratory applications, these
schemes are generally time consuming, laborious and inher-
ently slow in response. Manual procedures are impractical
for real-time inventory and criticality control, and safe
handling of nuclear materials in fuel fabrication plants.

New schemes taking advantage of modern data ac-
quisition and retrieval techniques offer the necessary
response and accuracy for on-line accounting and critica-
lity control. Furthermore, the evolution towards fully
automated plants, integrating all functions like data
acquisition, on-line process control, etc. will open new
possibilities for designs that inherently satisfy safe-
guards requirements. To fulfil the immediate needs and to
gain experience for future applications, an on-line
computer-based nuclear materials accounting and criticality
control system has been built for the Fuel Fabrication
Pilot Line at CRNL.

In analyzing the specifics of the Pilot Line, it
became evident that many requirements are universal in
nature and form an integral part of fissile materials in-
ventory and control throughout CRNL. Indeed, it was also
recognized that the commonality of problems may well extend
beyond the boundaries of CRNL. The prospects for tackling
the more general problems while providing a solution to
present needs dominated the choice of a solution.

An Integrated Solution

Because of the diversity in applications, a rather
complex nuclear materials control hierarchy has evolved at
CRNL combining a variety of schemes. However, from a sys-
tems viewpoint, inventory management consists basically of
two main processes: data storage and retrieval, which is
concerned with file management, and local data input/output
which requires man/machine interaction. The latter should

Printed with permission of the Conference organizers.
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be tailored to specific local needs to mitigate the possi-
bility of user errors while the former may be satisfac-
torily handled using a unified scheme to eliminate unneces-
sary duplications. These two sets of apparently con-
flicting requirements can be satisfied with a distributed
system combining a number of specialized subsystems, each
tailored to local needs. Overall system integration is
achieved through a common data communications network.
Distributed systems offer potential advantages to both
designers and users, e.g. organization and partitioning
large systems are simplified,, and practical load and
resource sharing are permitted.

A solution to the fissile materials inventory
control problem is delineated by firstly defining the over-
all structure of INMACS - an Integrated Nuclear Materials
Accounting and Control System (Fig. 1).

The first, and most important, design task is to
select appropriate criteria for system partitioning. Be-
cause the specifications are ill-defined and the approach
is being evaluated, flexibility is essential. In order to
reduce unnecessary risks and to build on experience as the
project advances, INMACS should be implemented incrementally,
i.e. one subsystem at a time, in a coordinated manner such
that the final product is a wholly integrated system.

For most distributed computer systems, the engi-
neering trade-offs depend on adjusting the balance between
"physical partitioning" and "functional partitioning"
strategies^ to arrive at different reference designs.
The former approach recognizes the actual distribution of
components and attempts to bring the solutions closer to
the sources of the problems while the latter tends to
optimize certain aspects of system cost and performance by
grouping devices according to capabilities and functions.

In addition, the structure of INMACS must be
compatible with the administrative hierarchy existing at
CRNL under the jurisdiction of the Nuclear Materials
Control (NMC) Branch3.

CRNL is divided into twelve Material Balance Areas
(MBA) to facilitate the administrative control of nuclear
materials. Each MBA is supervised by a Unit Head who is
responsible for accounting all fissile materials held in
the building(s) within the MBA, and is required to select
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and maintain an accounting system. Thus, dividing INMACS
into subsystems tailored to specific MBA requirements
matches its structure to the existing conditions since both
physical (buildings) and functional (administrative
control) partitions coincide.

In certain instances, however, it may be more
appropriate to combine a number of MBA's into one subsys-
tem. For example, the workload within an MBA may be in-
sufficient to justify a dedicated, local installation, or
the tasks performed in different MBA's are similar and a
single subsystem would be more economical.

The flexibility needed to investigate and to
realize the economic trade-offs between subsystem size and
complexity is achieved in the current project with a low-
cost real-time data network, based on CATV technology,
developed at CRNL^'^ for distributed system applications.

Apart from interconnecting the various INMACS sub-
systems, the real-time data network provides access to
other systems at CRNL, e.g. Computer Centre and REDNET*.
The common communications network permits the partitioning
of functions at different levels of complexity. At the
higher level, for example, some fissile materials control
functions required at NRU/NRX may be performed by one of
the INMACS subsystems accessed via REDNET. At the lower
level, remote terminals may be strategically located in
different MBA's, all serviced from a single INMACS subsystem.

The internal organization of an INMACS subsystem
reflects the requirements of the specific MBA(s). Every
MBA is subdivided into Criticality Areas (CA) and each one
is supervised by a person authorized by the Unit Head. The
number of supervisors and the definition of CA boundaries
can vary from time to time to reflect changes in the work
program. Consequently, a detailed analysis of the MBA(s)
is necessary to arrive at the subsystem specifications.

INMACS Implementation

The first implementation of INMACS was aimed
primarily at satisfying the immediate requirements of the
Fuel Fabrication Pilot Line, i.e. fissile materials
inventory control, criticality control, and recording of

*REDNET is the new data acquisition and processing facility
being designed for the NRU/NRX complex.
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transaction details. At the same time, features necessary
to ensure upwards compatibility with the overall distri-
buted structure of INMACS were also incorporated.

The Pilot Line, i.e. Pu Laboratories, is one of
the CA's within the Metallurgy MBA (Pig. 2), which in this
case consists of only one building (building 375).

Detailed analysis of the problems and the design
of the implemented subsystem have been documented in a
number of unpublished documents*; only a brief description
is given in this paper.

The bulk of the PDP-11/40 minicomputer system
(Fig. 3) is located in a computer room separate from the
main Pu Laboratories. Remote terminals are strategically
located in the Pilot Line to permit convenient access by
users and hence facilitate line operation. The magnetic
tape unit plays a vital role (described later) in the
archiving, system back-up and recovery procedures.

Functionally, access to the Data Base is via a
Transaction Processor(s) which in turn calls on the Data
Base Management System (DBMS) (Fig. 4). The DBMS performs
all data retrieval and update requests, checks error con-
ditions, and automatically records all file updates on the
"journal" magnetic tape. Data are treated as common re-
sources and are accessed and maintained in a uniform
manner, thus preserving quality and integrity under all
operational conditions.

The specific requirements of the Pilot Line were
met by a set of application programs (i.e. Transaction Pro-
cessors) which cover all the activities required for fuel
fabrication, e.g. material transfers, addition of binder,
sintering, inventory, criticality checks, etc. Maintaining
a highly accurate inventory is of paramount importance.
Since the validity of the information can only be as good
as its source, considerable care and effort were placed on
designing man/machine interfaces to mitigate the possibil-
ity of operator errors. The data entry for transaction

*These topics are to be treated in-depth in two papers
under preparation.
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processing is fully conversational and closely resembles
the manual system. Entries are verified for their logical
consistency, range and correctness. Redundant queries are
built-in to enhance the logical consistency checks. Data
base updates proceed in two distinct steps. After all
queries have been answered, an initial report is generated
in the first step showing the effect of the transaction on
the critical items in the data base, but the files are not
updated by the DBMS. The operator is then required to
approve the transaction before the data base is actually
updated.

To avoid the loss of valuable data, an image of
the on-line data base is periodically created on a "back-
up" magnetic tape. On a second "journal" magnetic tape,
all changes and updates to the data base are recorded as
they occur. The complete data base can be re-built using
these two tapes should data base corruption occur due to
hardware malfunction(s).

About 16 man-years have been spent on the project
with most of the effort on software development (Table 1).
The system has been installed in the field (May, 1977) and
will be operated in parallel with the existing manual
method during the initial proving stage. Phasing out of
the manual method will depend on a satisfactory field
demonstration of system performance and reliability.

Data base management run-time system

Data base utility & maintenance package

Data base backup & recovery system

Report generator

Data file editor

System start up & shut down scheme

System backup & recovery scheme

Program to verify data base integrity

INMACS function access scheme

Application package

TABLE 1: INMACS Software Development Effort
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Impact on Safeguards and Related Issues

The usefulness of INMACS as an on-line inventory
system will be demonstrated in the Pilot Line. System
dependability and user acceptance are two of the guide-
lines to be used for evaluating its performance. In this
regard, INMACS serves part of the developmental objective
of the Pilot Line, which is to discover and to solve
problems associated with the manufacture of mixed oxide
fuels.

In the context of a fuel fabrication plant, inven-
tory and ctiticality control of fissile materials are two
of the many functions contributing to effective safeguards.
Obviously, the main activity centre is in the process line
itself where remote access, or at least restricted access,
to process equipment may be the rule for reasons of safety.
This naturally leads to considerations for automated
plants, which are becoming more feasible with advances in
electronics technologies6. While the degree of plant
automation is difficult to predict at this stage, INMACS is
seen as an exploratory step in that direction. Since
INMACS was conceived as a distributed system composed of
many stand-alone subsystems, it could also be envisaged
that a total integration of plant security, management and
process control functions would guarantee safeguards that
are built into, and become indivisibly linked, with the
overall plant operations.

References

1. IAEA, "The Structure and Content of Agreements Between
The Agency and States Required in Connection with the
Treaty on the Non-Proliferation of Nuclear Weapons",
INFCIRC/153.

2. G. Yan and J.V.R. L'Archevêque, "On Distributed Control
and Instrumentation Systems for Future Nuclear Power
Plants", IEEE Transactions on Nuclear Science, Vol.
NS-23, pp. 431-435, February, 1976.

3. R.N. Paul, private communication, January, 1974.

4. J.V.R. L'Archevêque and G. Yan, "On the Selection of
Architectures for Distributed Computer Systems in Real-
Time Applications", IEEE Transactions on Nuclear
Science, Vol. NS-24, pp. 454-458, February, 1977.



- 7 -

5. A.C. Capel and G. Yan, "An Experimental Distributed
System Development Facility", IEEE Transactions on
Nuclear Science, Vol. NS-24, pp. 395-400, February,
1977.

6. K.D. Melhope, R.E. Read, and M.G. Merchant, "Needs and
Future Trends in Hiorarchical Computer Control Systems
for Discrete Product Manufacturing", Hierarchical and
Distributed Computer Control, Proceedings of the Third
Annual Control Engineering - Purdue Advanced Control
Conference, April, 1976.



COMPUTING
CENTRE

MBA
M

MBA
K

SS-N

OTHER
SS

R E A L - T I M E D A T A N E T W O R K

[TERMINAL
MBA = MATERIAL BALANCE AREA

SS~
i

oo

i

SS = INMACS SUBSYSTEM

INTEGRATED NUCLEAR MATERIALS ACCOUNTING & CONTROL SYSTEM STRUCTURE

FIGURE 1



1
CA

METALLOGRAPH.
LINES

CAVE

CAVE

CAVE

LAB

LAB

VERT

HOR.

1

2

3

3

7

STORAGE

STORAGE

METALLURGY MBA

BLDG. 375

CA
Pu - LABS

LAB 101

LAB 102

LAB 103

LAB 104

LAB 10 HA

LAB 105

MBA - MATERIAL BALANCE
AREA

CA - CRITICALITY AREA

ORGANIZATION OF THE METALLURGY MBA

FIGURE 2



COMPUTER
ROOM

SYSTEM
CONSOLE

COMPUTER
PDP- U/HO

DISK
0

DISK
I

Q MAGNETIC
TAPE

PLUTONIUM
LABORATORIES
CA

USER TERMINAL USER TERMINAL USER TERMINAL

INMACS/375 SYSTEM HARDWARE CONFIGURATION
FIGURE 3



VALIDATE
USER'S
ID

DATA ENTRY
TERMINALS

TRANSACTION
PROCESSOR A

TRANSACTION
PROCESSOR B

REPORT
GENERATOR

DBMS
RUN-TIME
SYSTEM

INMACS/375 SYSTEM FUNCTIONAL STRUCTURE

JOURNAL

FIGURE 4



The International Standard Serial Number

ISSN 0067-0367

has been assigned to this series of reports.

To identify individual documents in the series
we have assigned an AECL-number.

Please refer to the AECL-number when
requesting additionaf copies of this document

from

Scientific Document Distribution Office

Atomic Energy of Canada Limited
Chalk River, Ontario, Canada

KOJ1J0

Price $2.00 per copy

1572.77


