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INTRODUCTION

Dounreay is the United Kingdom Atomic Energy's establishment on the north coast of
Scotland. Established in 1955 as the UK's centre for the development and demonstration of
the fast reactor fuel cycle, the site hosts fuel manufacturing plants, fuel reprocessing plants
covering both the fast reactor and the material test reactor fuel cycles as well as a uranium
extraction plant, chemical laboratories, and a range of waste storage and treatment plants.
Since 1973 the site has been subjected to Euratom safeguards inspection, Euratom
maintaining a resident inspector on the site. The IAEA designated Fast Reactor facilities for
inspection for about two years in the early 1980s. Dounreay regularly hosts training courses
for IAEA inspectors.

Within the UK, the nuclear industry and its regulator, the Nuclear Installations Inspectorate,
are looking very hard at the possible impact of future date changes (it is not only the change
from the 20th to the 21st century which might cause problems) upon the safety and reliability
of its operations. A feature, and a strength, of this exercise is the very close collaboration
between the different members of the industry. This paper describes how the impact of future
date changes upon nuclear material accountancy and safeguards at Dounreay has been
assessed, the results of that assessment, and the actions being taken to provide assurance that
Dounreay's ability to account for its fissile material will be unaffected by future date changes.

THE MILLENNIUM PROJECT AT DOUNREAY

Although the change from the 20th to the 21st century has highlighted the problem, there are a
variety of date changes which may cause concern, for example

• if the date has been used as an end of file marker (the'99 problem); "Z (\ A
• if a register overflows (the Geophysical Positioning System problem); J

• if the change of century cannot be recognised (the Millennium Bug);
• if a leap year cannot be recognised (note that the year 2000 is a leap year).

The potential for a problem was recognised first with large computer codes, particularly in the
financial area and it was only relatively late in the day (1997) that the issue with embedded
systems was identified. Embedded systems are items of hardware which have within them a
date dependency which may or (as is often the case) may not be apparent.
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At Dounreay, for each plant or operation, inventories of all items potentially vulnerable to
future date changes have been produced. This must include the services and suppliers upon
which operations depend. A particularly valuable tool to ensure that nothing is missed is the
Process Map. Unless an item can be positively identified as having no date dependency (or if
it is known to deal with future date changes properly) it is included in the inventory. The
inventories also include computer codes used for the safe operation of the plants.

Items on the inventory can be assessed by;

• referral to the maintenance engineers;
• referral to the design drawings;
• referral to the supplier;
• testing

Items found to be susceptible to future date changes are dealt with by;

• a "work around" (eg resetting the date)
• replacement

At Dounreay all items on the inventories have been prioritised with items affecting safety
being given top priority, then environment, and finally operation. All important safety
systems were assessed by the end of '98. The remainder, ie non safety critical items, will be
covered by March '99. For all plants and for all essential services, a Justification for
Continued Operation will be produced and assessed by the appropriate Safety Working Party
before submission to the regulator by the middle of '99. The Justifications cover plants and
services whether they are operating or shutdown. Plants which are shut down will be required
to justify their subsequent restart.

As part of this exercise, all PCs on the site are being checked for date sensitivity together with
the software mounted on the PC, including spreadsheets. Spreadsheets are seen to be a
particular threat because of the ease with which they can be produced, and the widespread
practice of using two digit dates, often outwith prescribed date fields.

The Dounreay inventory contains 3313 items which were initially assessed as having potential
date sensitivity. Of these less than 10% were designated safety critical. Only one of these
items has been found not to be compliant and is being replaced. To date about 50% of the
items on the inventory have been found to have no date sensitivity and this number will rise
further as the assessment and testing of the less important items continues. With respect to
PCs, of the nearly 300 tested to date approximately 15% have been found not to be fully
compliant and will be replaced.

NUCLEAR MATERIAL ACCOUNTANCY AT DOUNREAY

Control and accountancy of nuclear materials has been carried out in the UK since the
inception of the UK nuclear programme in the late 1940s. This was extremely important due
to the financial and strategic value of the material. Material was centrally managed by a
Stockpile department which authorised the release of material to projects e.g. MTR, to make
fuel; the reprocessed fuel returning to stockpile control.
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Following normal Government practice, material was accounted for on a project/financial
basis. In effect each plant was a project, or centre within a project. The accountancy
responsibility rested on Plant Managers. A Technical Secretariat compiled the accountancy
data from the various plants into reports for UKAEA management and the UK Government.

Through the late 60's to mid 70's, increasing use was made.of computers to process the
"paper" accountancy records. With the increasing availability of mini-computers, and to meet
the requirements of Euratom Regulation 3221116, a Computerised Nuclear Material
Accountancy system (CNMAS) was installed. The Facility Operators directly input the data
at source.

The CNMAS has been continuously developed since it was brought on line in 1980. The
current system is written in Fortran and operates on a VMS 5.5-2 platform sitting on a
Microvax 3100. Although, somewhat archaic, the system has continually performed above
99.9% availability, and is very flexible. It is not particularly user friendly, and is
problematical to the "point and click" generation. The next generation of computerised NMA
database is in the pipeline, which will be a modern COTS database package (Oracle or SQL
Server, on Windows NT). The new system should be in place by 2000/2001.

The current NMA arrangements mirror the original arrangements in that each Facility, or
Service, is an internal operational accountancy area (OAA). The Facility Manager is
responsible for all aspects of the control of NM. The Analytical Manager is responsible for
the destructive and non-destructive techniques used in determinations. The OAA's form
Safeguards Material Balance Areas (MBA's), or part of an MBA.

The Nuclear Material Control Department at Dounreay is independent of Facility management
and provides and administers the NMA arrangements over the Site. Promulgating the
regulatory requirements, collating data reports (to UKAEA, UK Government, Euratom and
IAEA through Euratom), analysing NM data, highlighting areas of concern, contributing
expert opinion, and providing the interface between Operators and Euratom Inspectors are the
key areas of the Nuclear Materials Control Department responsibilities.

DATE CHANGE AND SAFEGUARDS

Figure 1 shows a high level process map for nuclear material accountancy at Dounreay.

The example shows irradiated fuel being despatched from the PFR at Dounreay to the Fuel
Cycle Area, being held in a store, being reprocessed, and the fissile material being despatched
to a destination outwith Dounreay.

The estimate of fissile material contained in the fuel despatched from the reactor depends
upon a computer code calculation of burn up, fission product generation, and decay as a
function of irradiation history. In the UK the FISPIN code is used. This estimate will be
entered into the Nuclear Accountancy record. At Dounreay, all receipts, movements and
despatches of fissile material are recorded in CNMAS.

For the period during which the material is held in store and prior to any movements to
another Material Balance Area, the further decay of the fissile material is calculated by
FISPIN and the result also entered into CNMAS.
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During reprocessing some fissile material will be despatched to waste, either as solid or liquid,
the quantities being evaluated by NDA or chemical sampling respectively. These estimates
are input to CNMAS as are also the results of measurements made at key points during the
process. In principle the estimates of what has been received, taken with the estimates of
decay and material despatched to waste, allow the material despatched off site or sent to store
to be calculated and advised to Euratom.

A systematic analysis of the process shows that nuclear material accountancy depends upon

• computer codes such as FISPIN together with supporting spreadsheets
• a database such as CNMAS
• NDA equipment
• chemical analysis

All of these systems have been assessed for their sensitivity to future date changes. The
present position is that,

• CNMAS is robust against future date changes.

• FISPIN is to be upgraded to the latest version which has been validated by the
supplier.

• Not all NDA equipment can be shown to be compliant, largely but not entirely this
is where the system includes a computer connected to the measuring device.

• Some items of equipment used in the chemical analysis of samples required for
nuclear material accountancy cannot be demonstrated to be compliant, for example
the X-ray diffraction system, dionex liquid chromotology, system for mercury
analysis, thermal ionisation mass spectrometer, some alpha/beta counting equipment.

Equipment confirmed not to be compliant will be replaced.

SECURITY

An aspect of Safeguards is that fissile material is held securely. As part of the Millennium
Project at Dounreay, all security and emergency systems, including fire alarms, have been
assessed and shown to be robust against future date changes, apart from two fire alarms which
will fail on 29.2.00 and another two which will fail in 2029! The former can be dealt with by
simply resetting the date.

CONCLUSION

The paper has briefly described the arrangements at Dounreay for tackling the Millennium
problem and for managing the accountancy of fissile material. The impact of the date change
upon safeguards at Dounreay has been assessed and the paper shows how the problems which
have been identified are being tackled.

Dounreay
23 December 1998
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FIGURE 1 - HIGH LEVEL PROCESS MAP FOR PFR FUEL ACCOUNTANCY
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