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I
The Organisation for Economic Co-operation and Development (OECD) was set up un-

der a Convention signed in Paris on 14th December, I960, which provides that the OECD
shall promote policies designed:

— to achieve the highest sustainable economic growth and employment and a rising
standard of living in Member countries, while maintaining financial stability, and
thus to contribute to the development of the world economy:

— to contribute to sound economic expansion in Member as well as non-member
countries in the process of economic development;

— to contribute to the expansion of world trade on a multilateral, non-discriminatory
basis in accordance with international obligations.

The Members of OECD are Australia, Austria, Belgium, Canada, Denmark. Finland.
France, the Federal Republic of Germany, Greece. Iceland. Ireland. Italy. Japan. Luxcm
bourg, the Netherlands, New Zealand, Norway, Portugal. Spain. Sweden, Switzerland.
Turkey, the United Kingdom and the United States.

The OECD Nuclear Energy Agency (NEA) was established on 20th April 1972. replac-
ing OECD's European Nuclear Energy Agency (ENEA) on the adhesion of Japan as a full
Member.

NEA now groups all the European Member countries ofCECD and Australia, Canada,
Japan, and the United States. The Commission of the European Communities takes part in
the work of the Agency.

The primary objectives of NEA are to promote co-operation between its Member
governments on the safety and regulatory aspects of nuclear development, and on assessing
the future role of nuclear energy as a contributor to economic progress.

This is achieved by:
— encouraging harmonisation of governments' regulatory policies and practices in

the nuclear field, with particular reference to the safety of nuclear installations,
protection of man against ionising radiation and preservation of the environment,
radioactive waste management, and nuclear third party liability and insurance;

— keeping under review the technical and economic characteristics of nuclear power
growth and of the nuclear fuel cycle, and assessing demand and supply for the
different phases of the nuclear fuel cycle and the potential future contribution of
nuclear power to overall energy demand;

— developing exchanges of scientific and technical information on nuclear energy,
particularly through participation in common services;

— setting up international research and development programmes and undertakings
jointly organised and operated by OECD countries.

In these and related tasks. NEA works in close collaboration with the International
Atomic Energy Agency in Vienna, with which it has concluded a Co-operation Agreement, as
well as with other international organisations in the nuclear field.

©OECD, 1981
Queries concerning permissions or translation rights should be addressed to:

Director of Information. OECD
2. rue Andre-Pascal, 75775 PARIS CEDEX 16. France.
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FOREWORD

This is the Twentieth Annual Report on the OECD Halden Reactor Project*,
describing activities during 1979, the first year of the 1979-1981 Halden Agreement.

Research work at the Project is focussed on three areas :

1. In-core behaviour of reactor fuel, particularly reliability and safety aspects,
which is studied through irradiation of test fuel elements.

Investigations in this area consider such phenomena as :

- pellet-cladding interactions (PCI), including fuel relocatio, fuel rod deformation
and fission product release inside fuel rods ;

- initiation and propagation of stress corrosion cracking (SCC) of fuel cladding ;

- physical behaviour of fuel during power ramps, including the mechanisms of ramp-
induced defects ;

- criteria for extrapolating results from the fuel tests in the Halden Boiling
Water Reactor (HBWR) to conditions prevailing in light water reactors ;

- fuel performance during adverse transients, including stored heat, heat and gas
transport mechanisms and thermomechanical response of fuel under simulated loss-
of-coolant conditions ; and

- irradiation of test fuel submitted by participating organisations, in instrumented
fuel assemblies (IFA) designed and manufactured by the Project.

2. Prediction, surveillance and control of fuel and core performance, for which
models of fuel and core behaviour are developed.

Project studies in this area concentrate on two topics. Firstly, fuel performance
evaluation, which is closely tied to the experimental fuel programme, is directed towards
assuring efficient utilization of the results for modelling of fuel behaviour and involves :

- qualification and processing of test fuel data for extrapolation from HBWR to
LWR core conditions ;

- verification of computer codes for fuel rod performance ; and

- development of fuel reliability models.

* The Halden Project dates from July 1958, when the Boiling Heavy Water Reactor at Halden,
south of Oslo, built and owned by the Norwegian Institutt for Atomenergi, became the
subject of a Joint Undertaking under an Agreement signed by Austria, Denmark, Euratom
(representing the six countries then comprising the European Economic Community), Norway,
Sweden, Switzerland and the United Kingdom. The Project has since continued under a
series of further Agreements, the latest of which covers the three-year period 1979-1981.
Signatories to this Agreement - besides Norway - are Austria, Denmark, Finland, the
Federal Republic of Germany, Italy, Japan, the Netherlands, Sweden, the United Kingdom
and the United States. Three private organisations participate as associated parties.
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Secondly, the Project is working towards development of a computerized surveil-
lance and control system for core power distribution in nuclear power plants. Related work
on predictive power distribution control is at a stage where the model can be used for off-
line optimization of PWR load cycle scheduling.

3. Applications of process computers to power plant control, for which prototype
software systems and hardware arrangements are developed.

In close collaboration with Signatory Organisations, the most recent Project
studies in this area include :

- installation in an operating power plant of a system for analysing disturbances
in plant operation ;

- development of a computer-based system for surveying the status of plant protec-
tion systems ;

- investigation of the reliability and functional characteristics of high-technology
computer hardware such as micro-computers and fibre optics ;

- investigation of methods for developing and testing highly reliable computer
software ;

- experiments to establish guidelines for the use of colours and symbols in Cathode
Ray Tube (CRT)- based control rooms ;

- investigation of the role of the control room operator, particularly as regards
plant safety ; and

- experiments to study the factors influencing the performance of control room
operators.

As stipulated in the Halden Agreement, this Report has'been-approved by the -Board
of Management of the Project.

I. Makipentti
Chairman

Halden Board of Management
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SUMMARY OF ACTIVITIES IN 1979

APPLICATIONS OF PROCESS COMPUTERS IN PLANT CONTROL

In 1979 a first prototype Disturbance Analysis System (DAS) named STAR, was com-
pleted and installed in the computer laboratories at Halden, at the Gesellschaft fur
Reaktorsicherheit (GRS) in Garching, and in the Grafenrheinfeld nuclear power plant. Initial
demonstrations of the system were made at Halden and Grafenrheinfeld, through simulation of
perturbations in the plant feedwater system.

The system being developed for surveillance of plant protection systems is
directed towards advising the plant operator on what action should be taken to assure the
availability of the highly-redundant protection systems, when various combinations of failed
components arise. A pilot version of such a system, based on fixed rules, was completed and
tested in 1979. Development began of an improved version, which will incorporate methods of
reliability theory to make a more profound analysis of the functional capacity of the pro-
tection system.

The experiments on the use of colours and symbols showed that many standard
colours cannot be reproduced by a CRT display. Further, while a CRT display can produce a
wide range of colours, the human eye cannot distinguish between many of them.

To study factors shaping operator performance, an experimental CRT-based control
room was set up, backed up by a PWR simulator. The process data and operator actions in
performing predefined control tasks are recorded, and may be played back while the experi-
ment supervisor asks the test subject about the motivations underlying his control actions.

In 1979, studies on the performance of micro-computers and fibre optics led to a
start being made on design of an improved computer system for acquisition of fuel and plant
data from the Project reactor.

An investigation of methods for developing and testing reliable software was
completed early in the year, and led to a further study to develop methods for programme
specification, a frequent source of misconceptions and programme errors. A new specifica-
tion language was formulated, and an interactive computer programme developed for specifi-
cation writing.

FUEL RELIABILITY AND SAFETY EXPERIMENTS

To improve the ability at the Project to measure fuel relocation, design work
started in 1979 for an in-pile gap measuring rig. A prototype gap meter was made, and labo-
ratory tests with it yielded satisfactory results. A fuel swelling model was developed and
incorporated into a gap closure model ; it gave good predictions of the measurements in
60 fuel rods.

Data on fuel rod elongation and relaxation at high burn-up were collected, in
preparation for a study to be carried out in 1980. Continuing experiments on fuel diameter
showed, among other effects, the dominance of pellet-cladding gap and pellet densification
as factors determining diametral strain.

The Halden best-fit model for fission gas release was expanded, and now compares
well with power reactor data frcin fuel operated at moderate power, while it tends to under-
predict release from low power, lovj-burn-up fuel.



Test irradiation was begun on 12 fuel rods with precracked cladding, in SCC
experiments designed to study the relative significance of formation versus propagation
of cracks, and the effect of static versus dynamic fission product release.

Four rods of the latest design to be overpower ramped (at about 2.5 kW/m/min to
about 48 kW/m) showed no signs of fuel failure. A summary of ramp test results showed that
failures were consistently associated with ridges.

Satisfactory progress was made with the fabrication and installation of a light
water forced circulation loop system. It should be completed in the first quarter of 1980.
Two nearly identical systems are being built for base irradiation of fuel under PWR and
BUR pressure ar.d temperature conditions. Design of an associated ramp test facility is
under way.

A status report showed the effects of filler gas (xenon and helium), gap size
and fuel temperature on heat transport in fuel. A study was made of the relation between
fuel temperature and rod power in fuel before and after a series of power transients. It
was found that for certain transients, rapid gas evolution from the fuel caused permanent
increases in fuel temperature. Further, gas evolution can be so rapid that the fuel cladding
gap is filled almost entirely with fission gas for several minutes after the power rise.

Gas flow experiments continued, and design was essentially completed of an experi-
mental rig for fission product measurement.

The initial phase of an experimental programme on flow starvation was completed.
Tests demonstrated good performance of the out-of-pile systems and in-pile instrumentation,
and repeatability of the thermal-hydraulic behaviour of test fuel. The first series of in-
pile, seven-rod, nuclear-heated fuel tests was completed successfully.

FUEL AND CORE MODELLING AND CONTROL

In 1979, proper methods were firmly established for extrapolating HBWR fuel test
data to LWR conditions. A data base management system for test fuel results neared comple-
tion.

In a cooperative effort with VIT Finland, steady-state temperature data from
Halden were used in verification and modification of the GAPCON-THERMAL-2 fuel rod perfor-
mance code.

A more complete formulation of fuel failure was introduced into the SIROD fuel
reliability code, including effects of stress and the chemical environment. Improvements
to the PREFAIL code were made in its submodels for fuel swelling, creep, elasticity and
the development of cladding stresses. SIROD and PREFAIL were modified for inclusion in a
fast-running programme for the assessment of core-wide trends and future probabilities of
fuel performance. Testing against actual data was begun.

Specifications were fixed in 1979 for the first prototype on-line core surveil-
lance system, which will be based largely on code elements that already exist. Satisfactory
neutronic and hydraulic models were developed for the most heavily-used portion of the code,
the core simulator. Both BWR and PWR models were developed. The information presentation
will use colour CRT's and operator-process dialogue through function and alpha-numeric
keyboards.

The Multistage Mathematical Programming (MMP) method for predictive control of
power distribution was developed further. The improved code incorporates a better coarse-
mesh model and changes to allow use of more nodes. Testing showed that the method can now
be used as a practical tool for off-line design of PWR control strategies.
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REACTOR OPERATIONS

Operation of the reactor was fixed by the needs of the test fuel programme, com-
prising irradiation of 54 instrumented assemblies. The joint test programme included
14 experimental rigs. Measurements made on the various test assemblies included fuel
power, rod diameter and length during steady state and power cycling, fission gas trans-
port, composition and pressure, and flow starvation behaviour.

The reactor was normally operated at a power level between 10 and 13 MW, depend-
ing on the test fuel limitations. Operational availability over the year v:as 48.? %. and
the integrated power was 1659 MWd.

Activity releases have been at the normal rate in recent years, well below tha
reporting levels set by the authorities for unusual situations.

ADMINISTRATION AND FINANCE

The total expenditure for the joint programme during 1979 was N.kr. 32,734,900.-,
compared to the amount budgeted of 36,000,000.-. As of 31st December 1979, 181 persons
were employed with the Project.
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PART I

PROCESS SUPERVISION AND CONTROL



INTRODUCTION

1. The work on development of a prototype on-line core surveillance system continued
during 1979. The basic structure and functions of this system were specified, and production
and integration of the different software modules started. Major components in the system
will be core physics simulators, and work on simulators fulfilling requirements for use in
on-line systems was emphasized. In the core control field the methods for both predictive
control and instantaneous (feed-back) control of the core power distribution were improved
and tested in realistic simulations of the core behaviour of commercial PWR stations.

2. The work on process computer applications is aimed at developing computer-based
systems which can provide the operator with the information on plant status required during
normal and anomalous plant operation situations. During 1979 efforts were concentrated on
two such systems, for disturbance analysis and for surveillance of the status of reactor
protection systems,respectively.

3. The Project's work on high safety performance of computerized systems is focused
on problems related to operator-process interaction as well as investigating reliability
characteristics of hardware/software modules and the overall reliability of process computers.

CORE SURVEILLANCE AND CONTROL

CORE SURVEILLANCE

4. The Project's work in this field in 1979 was concentrated on development of a
laboratory version of an on-line core surveillance system, the so-called SCORPIO (Surveil-
lance of reactor COres by Pictures displayed On-line) system. Figure 1-1 identifies the
main blocks of the system.

5. SCORPIO will have two modes of operation, the core follow mode and the predictive
mode. In the core follow mode, detailed information on core status will be made available
to the operator, based on a theoretical calculation of power distribution combined with
in-core detector signals. The predictive mode gives the operator the possibility of pre-
calculating core behaviour for a period of typically 5-20 hours ahead. This feature of
SCORPIO is expected to be of special interest in scheduled load following and restart
after shutdown.

6. The philosophy behind SCORPIO is to attempt to produce a system which does not
detoriate because of short-sighted, inflexible design or uncontrolled modifications. From
the very start SCORPIO was designed for use in its real environment, i.e., in an operating
nuclear power plant.

7. At the end of 1979 the preliminary specifications for the operator input dialogue
to the simulator, the data base structure, the picture layout for both simulator input and
output were finished, while the specifications for operator communication with SCORPIO for
simulator output and the core follow mode are still under development. The software com-
prising the dialogue system, display system, picture generation system and picture library
system is available at Halden. However, the existing trend curve system must be modified
to meet SCORPIO requirements.
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— OPERATOR

Fig. I.I. Block diagram of the core surveillance system, SCORPIO

CORE SIMULATORS

8. The work in the core simulator field has concentrated mainly on the nodal, coarse-
mesh code CYGNUS which contains both a neutronic and a hydraulic model. Some work related
to implementation of the QUABOX/CUBBOX code on the CYBER computer was also performed in the
beginning of the year. This code now runs well, and is used as a reference code to obtain
accurate solutions of test problems. Due to its large memory requirements, however, only
relatively small problems may be treated.

9. The neutronic part of CYGNUS was subjected to further testing,using data for the
BIBLIS-A reactor in a two-dimensional problem. With a proper adjustment of parameters,the
code could satisfactorily reproduce both the power distribution and eigenvalue obtained by
very detailed and accurate QUABOX/CUBBOX calculations. The comparison also showed that the
same adjusted parameters in CYGNUS could be used for different control rod configurations.

10. A further development was a super-coarse mesh version of CYGNUS. The properties
of several nodes are condensed into one large node with the residt that reasonably good
results may be obtained with very short computing time. This method may be useful if a
solution (with few details) is wanted very quickly, which may be the case for on-line
simulation.

11. In the hydraulic models included in CYGNUS, channel flow is calculated by using
precalculated polynomial coefficients relating to channel power. Then the boiling boundary
is determined by means of a correlation giving the point where bubles detach from the fuel.
In this correlation the main parameters are the coolant flow, the heat flux and the hydraulic
diameter of the channel. Upwards from the boiling boundary, the void fraction is calculated
by correlating it to the thermodynamic quality of the coolant. This hydraulic model is very
fast, but still gives good agreement with experimental results.

12. On the simulator side, work was also started with the core simulator GARLIC, which
was received from Gesellschaft flir Reaktorsicherheit (GRS) in November. The first task will
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be to implement it on the NORD-50 computer in Halden, which will require several changes in
the code.

CORE POWER DISTRIBUTION CONTROL

13. The core power distribution control methods developed at the Halden Project may
be classified into two groups, according to their area of application. The Multistage
Mathematical Programming (MMP) method is a predictive method well suited to preplanning
control actions in such a way that the core power distribution is kept within specified
limits. The two other algorithms, the State Variable Feedback (SVF) and the Multivariable
Frequency Response (MFR) methods, are both feedback control methods. During the last year,
testing and improvements of the different methods were made.

14. A new method to derive the coarse mesh control model for MMP from the fine mesh
simulator model was devised, based on simple assumptions on the neutron flux and current
behaviour. The MMP programmes have also been restructured (more nodes) to allorf a more
detailed control model. With the same computer memory capacity it is now possible to have
about a threefold increase in the number of nodes.

15. Test calculations of the SVF and MFR feedback methods were performed in coopera-
tion with ENEL, Italy and CE, U.S.A. The CE System 80 PWR has been selected for a realistic
simulation of the two methods, and development of control models and simulation models has
been started.

SYSTEMS FOR MINIMIZING FREQUENCY AND CONSEQUENCES OF PLANT DISTURBANCES

DISTURBANCE STATUS ANALYSIS

16. The objective of this work is to demonstrate the practical applicability of an
interactive disturbance analysis system through the installation of a prototype system at
an operating power plant. The work has been performed in close cooperation with Gesellschaft
fur Reaktorsicherheit (GRS), Bayernwerk AG (BAG) and Kraftwerk Union (KWU). During 1979 the
first prototype of the disturbance analysis system was produced and installed in the com-
puter laboratories at the Halden Project, at GRS and in the Grafenrheinfeld nuclear plant.

17. Six subsystems of the feedwater system of the Grafenrheinfeld plant have been
modelled (KWU, BAG, GRS) in terms of cause-consequence diagrams describing disturbances.
The cause-consequence diagrams were transformed to a model structure suitable for the
analysis module by the off-line model generator programme, MOGEN (GRS).

18. The on-line disturbance analysis system comprises the process description (models)
generated by MOGEN, the analysis programme. ALSAN (GRS) and the operator communication pro-
gramme, ALKOM (HP). These modules were finished and first integrated into a real-time
prototype system at the computer experimental facility at the Project during the spring
of 1979. A first demonstration of the functional behaviour of this prototype (the STAR-
system), with process data from the feedwater circuit of the Grafenrheinfeld PWR plant,
was carried out at Halden at the end of May. The demonstration was based on an extended
version of the PWR simulator, STUDS, and an additional event sequencer which was used to
impose disturbances on the simulated process (STUDS) for subsequent analysis by the STAR-
system. A meeting on disturbance status analysis was arranged in conjunction with this
demonstration. The demonstration and meeting had participants from German nuclear industry
and from USNRC.

19. The hardware necessary to support the STAR-system at Grafenrheinfeld was installed
during the autumn of 1979, and a demonstration of the functional behaviour of the total
system, excluding the coupling to the plant computer, was carried out at the plant in
November 1979.

20. During the last half of 1979 investigation was made of the use of mimic diagrams,
trend curves and barcharts to complement the current alphanumeric presentation of results
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to the operator in the prototype STAR-system. A first version of such an extended operator-
process communication system was assembled and tested against the PWR simulator at Halden
during the last quarter of 1979.

PLANT STATUS DETECTION

21. The work in this area has concentrated on development of a computer-based system
for surveillance of the status of the protection systems of a nuclear power plant. These
efforts are carried out in close cooperation with the Austrian Studiengesellschaft fiir
Atomenergie Ges.m.b.H. (SGAE).

22. The protective systems are highly redundant and can accept certain combinations
of failed components without the loss of functional capacity. The problem is to determine
how failures in the protection system affect the overall availability, and which measures
should be taken by the operator in case of failures. The structure of a reactor protection
system permits at least the occurrence of one single failure. Depending on the failure com-
bination, the occurrence of second failures may be tolerated for a limited time or not at
all.

23. The objective of the woi "< on surveillance of protection systems is to develop a
system which can analyze the status of the protection system concerning failed and operating
components, in order to find the proper action to be taken and to present the results to the
operator in the best way.

24. During 1979 a pilot version of such a surveillance system was completed and tested
in the computer laboratory at the Project. This system is based on a deterministic approach
through rules defined a priori, so-called tables of second failures, which list all the
possible second failure combinations within the reactor safety system along with the respec-
tive repair times, ranging from unlimited to zero (i.e. immediate shutdown of the plant).

25. The user interface has been up-graded by the implementation of an interactive
colour CRT communication system. By using this system, the operator can enter information
on failed components in the protection system and obtain an immediate real-time evaluation
of the total protection system status and the required operator responses through colour
pictures displayed on the CRT screen.

26. After this prototype system was tested at Halden, it was also implemented in the
computer laboratory at SGAE in Seibersdorf.

27. In addition to establishing this prototype system, development work was initiated
in 1979 on an improved prototype system based on probabilistic reliability assessment. In
this approach the design of the system is based on a more fundamental analysis of protec-
tion systems in order to arrive at a more generally applicable system. The development
work is done with a case study of a real reactor protection system.

28. In support of this development, a failure mode and effects analysis was completed
of the electronic devices in a reactor protection system. The analysis was done in suffi-
cient detail to allow the determination of preliminary demand failure probabilities (DFP's)
of most of the electronic devices in the signal generating section of the reactor safety
system. In addition, a system description and a fault tree for the DFP of one of the pro-
tective actions of the reactor safety system were made. The mechanical and electrical com-
ponents' portion of this fault tree was expanded, and the DFP's for the individual compo-
nents estimated. Based on these estimates numerical calculations have been carried out for
the DFP of the entire block of mechanical and electrical components. Results of a prelimi-
nary calculation of this type are displayed in Figure 1-2. These results, together with the
preliminary DFP's for the electronic components, will furnish the numerical input for the
calculation of the DFP of this protective action (PA 6). Such calculations are now being
undertaken and will be carried out for the design state and various degraded states of the
Reactor Safety System. The results are expected to furnish insight into ways in which DFP
calculations can be employed in the improved system for surveillance of protection systems.
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Fig. 1.2. Reliability model for the electrical and mechanical components of
Protective Action No. 6 (PA6) in each safety area. The number under the top
event is the demand failure probability, and the number below each block is
the probability for the occurrence of the event in the block

TECHNIQUES FOR ASSURING HIGH SAFETY PERFORMANCE OF COMPUTERIZED SYSTEMS

OPERATOR-PROCESS INTERACTION

29. To have an acceptable reliability of operation of a nuclear power plant as well as
an economical availability, it is crucial that the control room personnel function optimal-
ly in all situations. Studies were made during 1979 aimed at establishing a broader under-
standing of the operator's functions in relation to safe plant operation. More extensive
studies are being prepared which will yield guidelines for subjects like selection of
operating personnel and shift crew organization, task allocation between men and machines,
training requirements, control room architecture, etc.

30. There is increasing use of colours as an information carrier in advanced computer-
driven operator interfaces. At present there are available only a limited number of stan-
dards and well-founded recommendations for such applications. A literature survey showed
that experiments reported in various laboratories are not directly applicable to the type
of industrial control rooms in question. It seems that the studies have generally been made
with other aims in mind than industrial control rooms. For example, studies of commercial
broadcasting have run experimerts on how colours can be used to recognize human faces.

31. Thus, it was found necessary to do investigations and run experiments in order
to obtain guidelines on how colours and symbols should be utilized in such control environ-
ments. In the studies, the presentation device, i.e., the colour monitor and the controller,
was also investigated. Evan though the device has the potential physically to display a
rather wide range of different colours, only a small proportion of them can be perceived
by the human. Of those, an even smaller number are adequately discriminate in practical
settings (e.g. if there is a demand to have uniquely defined colours in different pictures
presented sequentially).
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32. The CIE (International Commission on Illumination) diagram has been used since
1934 to describe colours and has been used for ISO colour standards (e.g. "safety red" is
defined in this way). Physical measurements of light emitted from standard monitors have
shown that many of the colours described in the CIE diagram cannot be represented on the
screen. Further, the CIE diagram was made at a time when one thought that visual perception
was more or less equal to the stimulation of the three colours : red, green, and blue, and
it does not include the stimulative effect of variable brightness. Measurements thus showed
that there is a need to come up with new standards concerning colours used in CRT-based
control rooms.

33. There are both safety and economic incentives for the recent trend to introducing
computer-based control devices into the control room, either as a supplement to an already
existing conventional instrumentation or as the sole man-process interface. However, safety
in process control is also dependent on many factors relating to the performance of the
control room operator and of the other personnel supporting the operation.

34. An experimental set-up has been developed and implemented in the computer labo-
ratory for the study of factors influencing the performance of an operator in control of
complex processes. The ultimate aim of the experiments is to develop guidelines for the
design of man-process interfaces based on colour display that minimize human failures in
process supervision and control. The set-up includes several elements :

- colour display based contro] room,

- simulator representing a PWR,

- training programme for subjects to act as operators, and

- computer system for execution of the experiments.

35. The simulation of the process, as it is seen by the operator, is done to a rather
realistically detailed level. The simulator used is based on development work done at
Studsvik, Sweden, augmented with a detailed feedwater system and an advanced playback
system. Included in the simulator are :

- reactor core,

- primary cooling,

- three steam generators with feedwater system,

- two turbines with generators and two condensors, and

- chemical and volume control system.

36. The system control includes automatic control of core boration and dilution, the
feedwater system and turbine, the steam dump system and the reactor protection system. The
reactor core is simulated in the axial dimension only, and includes the neutronics and fuel
and coolant dynamics. The main pumps of the primary coolant system ire modelled as always
being in operation, resulting in a constant flow in all three main loops. The volume and
pressure dynamics are simulated, as is the boron concentration of the primary coolant.
Each of the steam generators has its own feedwater control system. Steam generator and hot
well levels are maintained either automatically, or manually through operator control of
valves and pumps. Each of the two turbines is controlled by a separate control system.
The reactor protection system can induce reactor trip and turbine runback, and can block
control rod withdrawal.

37. Prior to the actual experimentation, the subject operators are trained sufficient-
ly to have the necessary understanding of the process and familiarity with the existing
man-process interface. A training programme has been developed to prepare the subjects as
reactor operators for particular experimental designs. The theoretical part of the training
gives a basic process understanding up to a level where elementary operating tasks and plant
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disturbances can be handled. Depending on the subject's background and level of process
knowledge, this training may extend from the fundamentals of the functioning of various
plant components in the circuits to a global comprehension of the relation between the
sub-circuits and the resultant final output. The practical part of the training concentrates
on the man-process communication, to develop a conception of the process control system and
execution of manual control. The various possibilities for information flow such a status
information and alarm patterns are highlighted.

38. During recent years cooperation between organizations within the Nordic countries
has resulted in an accumulation of data on control room operator functioning. These data
have led to the formulation, planning and design of a series of experiments in order to
study the factors of human performance and reliability that are related to computer based
control rooms with colour displays.

39. In some experiments already performed, the "Confrontation Method" was used. In
this particular set-up, Figure 1.3, the subject operator performs a predefined operational
task. While he is doing so, the experimental supervisor may introduce a plant malfunction
that should be seen, identified and corrected by the subject. /Ul process data and the
subject's actions are logged on file. A number of plant parameters and all actions are
also logged on-line on hard-copy units. From the file data, the process history and the
subject's actions can be replayed. Thus, the experimental supervisors (a psychologist and
a process engineer) can confront the subject with every action done and the subsequent con-
sequences, and inquire why so and so was done in the various situations.

SIMULATOR
AND OPERATOR
ACTION FILE

experimental run

replay

Operator
actions

Simulator
data I

SIMULATOR

Control-room
data

DATA

BASt

Control-room
data SUBJECT (operatorl

MAIN
PARA-
METERS DDEVENT

LOG

Simulator control

Fig. 1.3. Structure of the confrontation method set-up

EXPERIMENT SUPERVISOR

COMPUTER RELIABILITY

40. During 1979, investigations were made on the reliability and functional charac-
teristics of alternative hardware structures based on the latest technological developments
such as micro-computers and fiber optics. The design of a new system was initiated as a
result of these investigations, and because of the need to replace our existing tool for
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fuel and plant data acquisition and monitoring, an IBM-1800 system. The functions to be
executed are divided among a number of computing modules in a hierarchical structure, as
shown in Figure 1.4.

LEVEL 4
DATA STORAGE
* RETRIEVAL

TEST FUEL 0>TA I , ,
BANK SVSTEM B I I

• AST
SCAN

1 T
fLoaruM

LEVEL J/LEVEL 3
COWMOMtCATlCM
I TASK OKIEOTED

l r
» A S T I |
SCANXE> I

Fig. 1.4. Data acquisition and supervisory system

41. The main functions will be test fuel monitoring, and data acquisition, storage,
and retrieval for the experimental fuel programme. The new design will be modular and
flexible, so that control functions (sequence control, DDC, etc.) can also be implemented
if desired. The tasks to be executed at the different levels are described in the follow-
ing :

- The computing modules at the data acquisition and process I/O level run on
micro-computers with necessary interface *or process communication. They operate
independently of each other with their own executive monitor and memory. The
modules will read digital and analogue signals, perform signal and instrumenta-
tion checks and communicate with the next higher level in the hierarchy. The
modules at this level should also be capable of receiving commands and operating
actuators accordingly for control of loops, test fuel rig operation, etc.

- In a distributed hierarchical system it is possible to locate computing modules
in the field close to the sensors and actuators. To achieve the required through-
put, special attention must be given to the communication strategy between modules
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at the different levels. In this design, a newly developed micro-computer equipped
with separate communication buses, a global high level bus and a local bus, will
be used. As shown in Figure 1.4, some computers connected to this bus are exclu-
sively used for communication with modules at the lower level, while the main
functions to be performed at this level are distributed among a number of com-
puting modules. The functions to be executed at the highest level in the hierar-
chy are split into two main tasks, data storage and data retrieval. For some
particular experiments, a very fast scanning rate is required for a relatively
large number of signals. This creates a storage problem which in this particular
configuration is solved through use an on-line mini-computer equipped with
magnetic tape stations.

42. The off-line computer at this level will be aquipped with a dual magnetic tape
station, large disc storage, a number of local and remote interactive terminals, and various
facilities for data presentation. The main tasks will be data processing and presentation
of experimental data stored on magnetic tape, together with construction and post-irradiation
data on fuel elements. The intention is to establish a test fuel data bank system to supply
the Signatory members of the Halden Project with a tool for extraction and presentation of
experimental data.

43. A joint project between the Technical Research Centre (VTT), Finland, and the
Halden Project completed in 1978 was an investigation of methods for developing and testing
reliable software. Experience from this project showed that weaknesses in programme speci-
fication were frequent sources of misconceptions and errors in the programming. Work was
therefore continued in a project to investigate and develop methods for the specification
of computer programme systems. The findings of the literature sti'dy carried out were used
to formulate a specification language. This language is based on the Requirement Specifi-
cation Language (RSL), which seemed well suited for the specification of computer programmes
for plant control ; it has a well defined syntax, and is therefore suited for automatic
analysis ; it is well documented, and is used in an EPRI project with the aim of developing
methods for software validation. However, various features were lacking in RSL cr were
better solved by other methods. A new specification language has therefore been developed.

44. The high level process language PEARL (Process and Experiment Automation Realtime
Language) has been selected to make software computer-independent. The goal of PEARL is to
provide the system or control engineer with an efficient tool for writing, testing and
maintaining process programmes without help of a specialized software team. For this pur-
pose PEARL has been designed to be easy to learn, very reliable and self documenting. The
application of PEARL will :

- reduce coding, debugging and verification time and cost,

- maks software production more visible and manageable,

- and provide the desired flexibility and freedom for system updating.

The implementation of PEARL on the NORD-computer was delayed because the final version of
the compiler, which we expected to receive from Germany in November, will not be available
till April 1980. Work to prepare the run-time routines on the NORD-computer for implementa-
tion of PEARL has been carried out. Further work is pending until a final compiler version
is available. A first working version of the PEARL compiler and run-time system can be
expected in 1980.
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PART II

FUEL PERFORMANCE AND SAFETY STUDIES



INTRODUCTION

45. The experimental programme in 1979 continued to be oriented towards two main
objectives :

- investigation of the basic phenomena leading to pellet-cladding defects, and

- definition of fuel performance characteristics during adverse transient conditions,
e.g. loss-of-coolant transients.

46. A survey of the test fuel inventory and accumulated burn-ups within the joint
programme as per 31st December, 1979, is presented in Table II.1. A total of 13 experimental
rigs were irradiated in the year. In addition, 42 instrumented fuel assemblies (IFA) were
irradiated for participating organizations.

47. Analytical work continued on :

- data processing to ensure that the experimental data are of high quality and
easily accessible, and

- verification of existing and development of new codes describing fuel rod
performance and reliability.

PERFORMANCE LIMITATIONS FROM PELLET-CLADDING INTERACTION

FUEL RELOCATION BEHAVIOUR

48. The irradiation of the twelve rods in the fuel densification experiment IFA-401
proceeded to a burn-up of 34.3 MWd/kgU^. The fuel column extensometers that are function-
ing properly have shown very weak, if any, swelling tendency since 6-8 MWd/kgllO?, indicating
that the relative movements between the fuel and the cladding essentially ceased in this
burn-up range.

49. As a further step in characterizing fuel relocation,design work has been initiated
on an in-pile gap measuring rig. The design is based on the squeeze technique developed at
the Kjeller Research Centre. A prototype gap meter has been made and laboratory tests have
shown satisfactory results.

50. A fuel swelling model has been developed, which is dependent on fuel temperature,
burn-up, grain size, and restraint. It has been incorporated into a gap closure model which
was checked against gap meter measurements made on 60 rods at the Kjeller laboratory. Good
agreement was found between the model predictions and the gap measurements.

CLADDING DEFORMATION CHARACTERISTICS

51. During the year additional data related to cladding deformation studies were
collected from several rigs within the joint programme, i.e. the diameter rig IFA-509, the
load follow rig IFA-507, the dual purpose rig IFA-513, and the ramp test rigs. In most cases
the data are supplemented by measurements of fuel temperature, rod internal pressure and
cladding diameter. Table II.2 shows the diameter rigs that were in operation in 1979, and
in addition provides information on rig design characteristics and rod instrumentation.
The list includes both rigs within the joint programme and those sponsored by participants.
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Table II.1

SURVEY OF TEST FUEL INVENTORY WITHIN THE JOINT PROGRAMME

AS PER 31st DECEMBER, 1979

BASE IRRADIATION RIGS

IFA-402.2
IFA-412
IFA-413.2 (SCC test)

DENSIFICATION RIG

IFA-401.2

DIAMETER RIGS

IFA-414.6
IFA-509 (NUCLITAL/HP;

LOAD FOLLOW RIG/POWER SHOCK

IFA-5O7

DECALIBRATION RIG

IFA-505

DUAL PURPOSE RIG

IFA-513 (HP/USNRC)

POWER CYCLING/PAMP RIGS

IFA-229
IFA-405.9
IFA-517.4

PRESSURE/POWER RAMP RIG

IFA-516

FLOW STARVATION RIG

IFA-511.1-2

Loaded
during 1979

X
X

X

X

In Reactor as
per 31/12-79

X

X

X

X

X

X

X

X

X

X

X

X

Average burn-up
as per 31/12-79

MWd/kgU02

11.5
3.8
7.0

34.3

8.4
12.4

9.0

10.1

6.4

16.7

6.0

3.2

0.3
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Table II.2

DIAMETER RIGS IRRADIATED DURING 1979

IFA No.

4142>
420
508
436
502
5123)
509
519

Loading
DateD

12-74
3-75
6-77
9-77
9-77

11-77
2-78
9-79

No. of
Rods

1
3
3
2
3
3
3
3

Rotating
Rods

X

X

Local Power Control

He-3

X

X

X

X

Solid
Adsorber

X
X

Additional
Instrumen-
tation

EC, EF
EC
EC, TF
EC, EF
EC, EF, TF
EC
EC, EF, TF
EC, TF

1) First set of rods.
2) High pressure rig (PWR conditions)
3) Four He-3 coils

EC = extension of cladding
EF = extension of fuel stack
TF = centreline temperature of fuel

52. Figure I I.I contains a graphical representation of observed trends in development
of diametral strain with increasing power during start-up and in low burn-up fuel. Some
conclusions are :

- gas size in the most dominating parameter ;

- ridging was observed only in small (<100um) gap rods ;

- low density, short pellets, chamfering, centre hole, and thick cladding tend to
decrease diametral strains ;

- fast ramps resulted in considerably larger strains compared to slow ramps ;

- ovalization and creep-down are considerably suppressed by pressurization ;

- primary creep accounts for a major part of creep-down ;

- densification seems to be one of the prime factors controlling diametral strains ;
and

- gap increase due to densification will release pellet-cladding contact early-in-
life.

53. The load follow/power shock rig, IFA-507, has undergone ten power transients
from beginning-of-life to its present burn-up of 9.0 MWd/kglK^. The six rods in the rig
(three with 70umgap and three with 250 um) are cycled between 18-20 kW/m and 38-40 kW/m.
The trend in cladding extension versus burn-up for a number of high power cycles are
different for the two groups of rods, as illustrated in Figure II.2. Contrary to what was
found in the small gap rods, the degree of mechanical interaction increased noticeably
with exposure in the rods with the larger gap. Low power operation from 6.7 to 8.5 MWd/kgU02
resulted in increased mechanical response in all rods upon the power rise to 40 kW/m, indi-
cating gap closure and earlier interaction. Further irradiation will aim at quantifying the
effects of different condition/deconditioning power cycles on the shift and development
of mechanical interaction with burn-up.
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FISSION PRODUCT RELEASE

54. The experimental and analytical work on fission product release received increased
attention at the Project because of the interrelationship between thermal response, fission
product release and fuel failure. The data base in Halden originates in in-core pressure
measurements and post-irradiation puncturing studies, and covers both steady state and
transient release conditions.

55. One experiment performed during the year was designed to provide data on centre-
line fuel temperature, cladding elongation and gas pressure in prototype fuel rods. A test
assembly, IFA-513 (HP/NRC), carrying six long fuel rods was irradiated up to a burn-up of
3.7 MWd/kgUOg, initially at 40 kW/m, later below approximately 35 kw/m. Some observations
from this experiment are shown in Figures II.3 through II.5. They show pressure as function
of burn-up for various fuel rod heat loads and different fuel rod fill gas compositions
and pressures.

56. A common characteristic of these curves is a pressure reduction with burn-up to
0.2 MWd/kgUOg burn-up, which may be due to gas ab- or adsorption in the fuel pellets, and/
or fuel densification. In fuel rod 2, with 0.3 MPa prepressurination, this effect is less
pronounced, which may indicate that adsorption is the major contributing factor, rather
than densification.

57. Beyond 0.2 MWd/kgUOp, all rods show a slight increase in pressure up to about
3.2 MWd/kgllO2 burn-up, indicating a steady fission gas pressure build-up. Analysis showed
that the pressure gauges used in these experiments are capable of measuring fractional
releases < 1 % at this burn-up level. The observations indicate that fission gas release
may occur also at low burn-up values and moderate temperatures, which is also in agreement
with observations elsewhere.

58. The Halden best fit fission gas release model was expanded to include experimental
data approaching burn-ups of 40 MWd/kgU02. The model predictions compare well with power
reactor data from fuel operated at moderate powers (30-45 kw/m), and tends to underpredict
release from low power (< 23 kW/m) fuel up to reported exposures of 35-40 MWd/kgUOj. Scatter
is to be expected when predictions are compared with actual release data unless corrections
are made relative to the UO2 characteristics (grain size, pore morphology, density, etc.).
Improvements to the lower power release capabilities of the model are anticipated through
incorporation of more qualified low power release data.

SCC INITIATION/PROPAGATION

59. Six rods in the base irradiation rig IFA-413, and six rods in the pressure and
power ramp rig IFA-516 are being irradiated. Both tests include precracked claddings, the
cracks being mainly located at pellet/pellet interfaces. The rods will be base irradiated
to about 12 MWd/kgU02, whereupon some rods will be subjected to conventional power ramp
testing, and some exposed to both pressure ramps (internal pressurization) and combined
pressure/power ramps. The aim is to study the relative significance of crack formation
versus propagation in the SCC failure process, and the effect of static versus dynamic
fission product release. It is expected that these tests will yield fundamental data of
importance for interpretation of different aspects of the SCC failure mechanisms and
valuable information for the ongoing analytical modelling work.

POWER RAMP BEHAVIOUR

60. In 1979 four rods were overpower ramped in the ramp rig IFA-405, bringing the
total number of rods tested in Halden up to 65 rods. Design features in the last series
included two gap sizes and graphite lubrication of pellets in two rods. All rods were
ramped to about 48 kW/m at a rate of about 2.5 kW/m/min. No signs of fuel failure were
registered in-pile.

61. Ramp tests performed on more than sixty fuel rods show that failures have been
consistently associated with ridges, the severity being related to ridge strain. Permanent
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strains accompanied large ramp elongations, and were characteristic for rods found to
contain x-marks or cracks. Designs that showed strong relaxation in-pile were found to be
defect free. Transient fission gas release during the ramps ranged generally from 10 to
60 an3AgUC>2. Ramp test results including the last 4 rods are displayed in Figure II.6.
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LWR SIMULATION

62. Irradiation of the sixth test rod in the PWR rig IFA-414 begun in June 1978, and
was terminated in September 1979 at a burn-up of 8.4 MWd/kc,U02. The test was a PCMI study,
and the in-pile profilometry data will be compared to PIE dimensional measurements. IFA-414
has been in continuous use for more than 5 years, with very satisfactory performance of
operating systems and instrumentation. The rig has now been unloaded to make space available
for the LWR simulation facilities.

63. .The fabrication and installation of a light water forced circulation loop system
is progressing satisfactorily. Two systems of almost identical design are being made for
base irradiation under PUR and PWR pressure end temperature conditions respectively.

64. Each loop consists of a high pressure flask in the reactor, an outer pressurizing
system using helium gas and a circuit for forced coolant circulation. There are also common
fission product detection and purification systems. The flask itself is "semi-permanently"
installed, as the flange is bolted to the reactor lid, while the internals with the fuel
can be exchanged through a high pressure seal in the top flange. The flask is surrounded
by a shroud with the same diameter as for other fuel assemblies (71 ran I.D.), with natural
circulation of the reactor moderator inside the shroud. The pressure flask (43 mm inner
diameter) consists of a bottom Zr-2 tube in the core section and a top Inconel-600 tube,
connected by an intermediate section consisting of a co-extruded joint of Zr-2 in the lower
part and Inconel-600 in the upper, permitting welding to be performed between identical
materials.
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65. The final installation of the loops will be performed during the first quarter
of 1980. In the PWR loop twelve fuel rods (two clusters) are to be irradiated, while the
BWR loop will have eig.it fuel rods installed. All fuel rods will be equipped with two
instruments, i.e., combinations of cladding elongation sensors, centre oxide thermocouples,
and fission gas pressure transducers.

66. The final step in this experimental series will be ramp testing in support of
fuel modelling. The design of the ramp test facility is in progress, including both a three-
rod rig with elongation sensors, and a one-rod rig with diameter sensors for measuring
local strains during the ramp.

FUEL BEHAVIOUR UNDER LOSS-OF-COOLANT/TEMPERATURE TRANSIENTS

HEAT TRANSPORT EXPERIMENTS

67. Fuel thermal behaviour under normal cooling conditions was studied in four rigs
and 32 rods within the joint Project programme. A large number of in-fuel thermocouple
measurements were performed in addition in participant tests. The current data base on fuel
temperature is large, very consistent and covers a broad spectrum of design and fabrication
variables and operating conditions including load follow, power cycling and reactor scrams.

68. Experiments with the decalibration rig IFA-505 showed the effects of filler gas
(xenon and helium),gap size and fuel temperature behaviour up to a burn-up of 5.5 MWd/kgUO2.
Xenon-filled rods experienced appreciably higher centreline temperatures than comparable
rods with helium filler gas at the same power. Initial densification caused fuel centre
temperatures to rise significantly, especially in rods prefilled with pure xenon. Fuel
temperatures in these rods are ver> sensitive to changes in the effective thermal gap
width. Relocation as inferred from thermocouple data was only observed in large gap rods
operating at high temperatures.

69. The thermal data obtained from the helium filled rods in the dual purpose rig
IFA-513 are consistent with earlier data from similar rods. In the two rods partially filled
with xenon (9 % and 23 % xenon, respectively), the temperatures were higher than in the
He-filled rods, and also in these cases excellent agreement was observed with predictions
by FUEL TEMP-2. The higher centre temperatures were direct consequences of the built-in
lower mixed-gas conductivities (80 % and 55 %) and the resulting degraded gap conductances.
No densification effect on fuel temperature was registered.

70. The relation between fuel temperature and rod power was studied in some detail
for rods in two assemblies before and after a series of intentional power transients. The
conclusion of this study is that for those transients in which the maximum fuel temperature
and burn-up exceed the proposed incubation burn-up for fission gas release, rapid gas evo-
lution from the fuel causes permanent increases in fuel temperature during subsequent
irradiation. Also, the fast scan acquisition of data suggests that the gas release can be
so rapid that the fuel clad gap is filled almost entirely with fission gas for several
minutes after the power rise. This resulted in a temperature overshoot of up to 250°C in
one rod which had a particularly large gap due to enhanced fuel densification.

71. In order to supplement and extend previous test results on stored energy decay
and transient heat transfer behaviour, a new reactor scram experiment was performed in
August. As expected, the rate of temperature decrease was found to depend on thermal
resistance parameters such as fuel diameter, gap size, gas composition, etc. Fuel rod
time constants ranged from 7 to 24 sec, as seen in Figure II.7.
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FISSION GAS TRANSPORT

72. Gas flow (and gas composition and pressure) experiments in the gas flow rig
IFA-430 (NRC/EG&G) were conducted on several occasions during the year. A more recent
objective of IFA-430 involves the removal of gases released from the fuel with subsequent
gas spectrometer analysis. The equipment has been installed and initial tests confirmed
that meaningful count rates should be obtainable, as several species of xenon and krypton
were identified. Trouble with the germanium detector developed late in the test period and
it was returned to the manufacturer for repair.

73. Design of the Project's fission product rig IFA-504 was essentially completed,
and fuel parameters are being evaluated in the light of the data and operational experience
gained from IFA-430.

IN-RBACTOR LOSS-OF-COOLANT EXPERIMENTS

74. The Project's Transient Test Facility, Figure II.8, has undergone extensive
qualification tests during the year using the high pressure transient test assembly,
IFA-511.1. The facility can be loaded with either a four rod BWR cluster or a seven rod
PWR cluster, each having 1.5 m fuel rods. Steady state operation of the facility is in
forced circulation, and the transient is initiated by a controlled blow-down of about
30 seconds' duration. The duration of the heat up transient and the rate of the sub-
sequent reflood can be varied.

75. The IFA-511.1 assembly contains four PWR-sized, Inconel-clad rods with maximum
instrumentation, thereby allowing a large number of different tests, even at extreme con-
ditions, without causing serious irreversible damage to the rods. Figures II.9 and 11.10
show the schematic lay-out of the instrumentation and the cross-section of the rig.
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76. A total of 19 tests with IFA-511.1 were run with parametric variation of the
initial coolant conditions, input power, time to reflood and reflood rates. Almost all
tests were run with depressurization from the hot leg and reflood from the cold leg. Two
tests were performed with cold leg blowdown/hot leg reflood, to evaluate effects of the
blowdown/reflood mode. To test measurement repeatability some of the tests were performed
under identical conditions. Reflood rates were set at 33, 20 and 8 g/sec, and time to
reflood varied from 25 to 170 sec. Two tests were performed with delayed reflood onset to
study heat-up characteristics in dry conditions. The average linear heat rating was increased
from 13 W/cm up to 37 W/cm in the most severe test.

77. During the tests all instrumentation behaved satisfactorily. Although two rods
had small leaks, as clearly indicated by the rod pressure transducers, no particular
problems arose even when high cladding temperatures were reached. All operations on the
external system were properly performed according to the microprocessor programming.
Reflood flow rates were well maintained at the specified value by the restriction nozzles.

78. Peak cladding temperatures of the order of 900°C were repeatedly experienced by
the rods, corresponding to measured cladding elongation in excess of ~ 10 mm. Despite the
severity of such transients, the instrumentation response apparently remained unchanged
during the test sequence. In particular, all cladding thermocouples functioning at the
beginning of the experiments survived the test series.

79. An example of the experimental results is given in Figures 11.11 and 11.12.
Figure 11.11 shows coolant and inner shroud temperature response during/after the blowdown
phase. Temperature behaviour at two different elevations on rod 2 is shown in Figure 11.12.
TIC 6 and TIC 11 were located at 600 and 1100 mm from the lower end of the fuel stack,
where local powers were 16.8 and 9.5 W/cm, respectively. Maximum heat-up rates were 5.7
and 3.5°C/sec, with approximately the same ratio as the local powers. Peak TIC 6 tempera-
ture was 530°C at 2.7 minutes, whereas TIC 11 reached a maximum of 420°C at 3.7 minutes.
No complete quenching occurred at these thermocouple positions. TIC 6 temperatures were
systematically higher by ~ 50°C than other measured cladding/coolant temperatures, which
indicates that this inner cladding thermocouple was loose from its cladding groove and
measured fuel surface temperature.

] Pressure. P160
2. Pressure, PF6
3. Coolant temperature, inlet.Tl 1
4. Coolant temperature, outlet.TO 1
5. Shroud temperature.TS

Forced circulation
restored

400

200

3 4
TIME (minutes)

Fig. 11.11. Coolant pressure, coolant temperature and shroud temperature
response during test A 2
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tank level in test A 2

80. Following satisfactory qualification tests of the loop, the first nuclear test,
IFA-511.2, was loaded in the last quarter of the year. The assembly is designed so as to
function as a one-rod bundle test with guard heaters for modelling purposes (Figure 11.13).
The centre rod is instrumented to the maximum extent possible, whereas the remaining instru-
mentation capacity of the assembly is judiciously divided among the peripheral rods
(Figure 11.14). The assembly is also designed so as to make the behaviour of the electrical
heater assemblies to be used later as identical to it as possible. This is to satisfy one
of the primary objectives of the test series, which is to determine what differences there
are, if any, between nuclear heated and electrically heated rod tests. The in-pile data
from IFA-511.2 will also provide valuable data on transient fuel behaviour, data which will
be needed for the transient code work. At the end of the year the first series of in-pile
tests were completed. A cursory review of these first data indicate a successful test series.

Fuel Rod (7)

Coolant T/C

Downcomer (4)

Instrumented
Tube (2)

Pressure Boundary

Fig. 11.13. IFA-511.2 test section, cross section
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Fig. 11.14. Fuel rod instrumentation, IFA-511.2

FUEL PERFORMANCE EVALUATION AND MODELLING

INTRODUCTION

81. The work on fuel modelling is strongly linked with the experimental fuel pro-
gramme, and is directed towards efficient utilization of the data obtained at the Project.
The efforts concentrate on data qualification and analysis, assessments of fuel performance
models, and development of fuel reliability codes.

DATA QUALIFICATION AND PROCESSING

82. It has been acknowledged that more reliable data are desirable on the decalibra-
tion of bellows pressure transducers, refractory thermocouples, differential transformer
extensometers and membrane pressure transducers, and in that order of importance. Work
continues and may increase in all these four areas.

83. Neutron spectrum and density are factors that affect in-reactor fuel rod behaviour
in at least three important areas, namely cladding property changes, creepdown, and irra-
diation growth. An evaluation was done of the influence of different fast flux/fluence
versus power/time characteristics in the Halden reactor and LWR's. The lower fast flux
level in the Halden reactor can in most cases be relatively easily accounted for, and in
several respects the low creepdown rate is beneficial in that it permits detailed studies
on separate processes/phenomena to be done more directly.
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84. The test fuel data processing system presently used was originally strictly
sensor oriented, but over the years has been extended to allow a certain amount of signal
processing within the limitations of the IBM-1800 computer. In order to arrange for a more
effective data processing, utilization, and transfer, development efforts have been ini-
tiated in two areas, i.e., an improved system for data acquisition and control and a Test
Fuel Data Bank (TFDB) system.

85. The TFDB system may be described as a "data bank", composed of permanently stored
data on magnetic tapes in the background, and important or frequently used data temporarily
stored in random access (disc) storage in the foreground, as depicted in Figure 11.15.

DATA HOW

RELATIONAL INFORMATION

JOB SPECIflCATIONS

Fig. 11.15. Test fuel data bank. Information flow

86. The envisaged volume of data which has to be handled by the data bank is large,
and magnetic tape will be the most convenient storage medium to use. Data elements which
are entered into the data bank will be grouped into data sets which will each have their
local directory such that they later can be treated as self-contained entities by the
library system. This data set structure can be used both for external data and for computer
generated data which then will be handled by the same library system. Any combination of
the library data may later be selected from different sets, and used to establish new sets
which then will provide the information a user may need for a specific investigation, test
or comparison. The library will thus be composed of tapes, each of which contains a number
of such self-contained data sets.

87. When any data are to be used for evaluation, analysis, or presentation purposes,
the data sets on which data reside will be retrieved from the tape library and loaded onto
a random access file on disc. Each file with selected data may remain on the disc for any
period of time, controlled mainly by the user's needs and the available storage space. It
may be deleted when not in frequent use, to provide space for new files which may be
established in a similar way by selecting new combinations of data elements from the data
library.
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88. Access to the data files will be through general data access routines. The
accessed data may be processed by a selection of processing modules such as, for instance,
a fast Fourier algorithm for noise analysis, before being passed to an information presen-
tation system.

VERIFICATION OF FUEL ROD PERFORMANCE CODES

89. As part of the cooperative project with VTT, Finland, the verification/
modification effort on GAPCON-THERMAL-2 (G-T-2) was begun, utilizing steady state tempera-
ture data from HBWR. The initial results indicate that good agreement with experimental
data can be achieved through small modifications to the models for effective gap size and
relocation which are applied in the available version of G-T-2.

90. Four rods were selected from a recent scram test in order to compare their
behaviour with the computer code DOLCE, a physically based cod* constructed for treating
such power transients. The preliminary results of this exercis • show that the code accu-
rately predicts the behaviour of low burn-up fuel prefilled with helium/xenon mixtures.
However, more work is necessary to produce a better description of densifying fuels and
rods irradiated to higher levels of burn-up.

FUEL RELIABILITY MODELS

91. A more complete formulation of the failure problem was incorporated into the
SIROD code. Effects of chemical environment (fission product release) and stress in the
stress corrosion cracking process are now described. A nucleation phase controlled by the
amount of fission product release and by the cladding local stress, and a propagation
phase, governed by the stress intensity, constitute the most relevant aspects in this
approach to modelling the failure process. A routine has been included for calculation
of power history dependent temperatures, forming the basis for evaluating fission product
release and cladding stresses. Time dependency of stress/strain is established through
fuel plasticity and cladding creep models.

92. BWR, PWR, HBWR, and CANDU rod designs were analyzed with respect to failure
boundaries, time to failure, pellet-cladding interaction and fission gas release, and
very satisfactory results obtained. Since transient fission product release behaviour is
of major concern in the SIROD approach, future efforts will be directed towards a better
characterization of this process.

93. Further development of the PREFAIL code was done. This fuel failure model now
incorporates more accurate submodels for fuel swelling, fuel creep and plasticity and the
development of cladding stresses during ramps. The changes made make the code simpler to
use and understand, and allow treatment of a wider range of types of power changes. Fuel
temperature is, according to the model, the most important parameter because it also
affects the other phenomena.

94. The fuel failure models SIROO, FAILURE INDEX, and PREFAIL have been modified
to allow coding into a programme system which can be utilized to assess core-wide fuel
performance trends and failure probabilities, based on information on fuel design and
power distributions. The system is fast running, and initial testing and verification
against data from test and power reactors has commenced.
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PART III

OPERATIONS



INTRODUCTION

95. The reactor operation schedule is governed by the test fuel programme. Approxi-
mately half of year was used for experimental operation, and the other half for unloading
and loading of test fuel installations or experimental equipment and for reactor main-
tenance work.

96. Figure III.l shows the experimental operation and the major experimental and
plant installation schedule.

PROGRAMME ITEM

Irt Qjtttrtfi 2nd Qjn >rd Quart ri 4th Quaner

FUEl EXPERIMENTS

Power Calibrations

Rig Power Cycling

Special Reactor Power Ramps

Frequent Diameter Measurements

Fission Gas Transport Experiments

Flow Starvation Experiments

REACTOR OPERATION

REACTOR SHUTDOWN

Fuel Unloading Operation i

Fuel Loading Operation ,

Fuel Transfer Operation i

Fuel Rod Exchange & Inspection

Major Plant Maintenance

Experimental Equipment Inst
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Fig. 111.1. Reactor schedule and experimental operation

FUEL TEST OPERATION

97. Experimental operation was fixed by the test fuel programme schedule, involving
multiple in-core tests on 50 test fuel assemblies. Measurements performed included test
fuel power determinations, fuel rod diameter and length during steady state and power
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cycling conditions, fission gas transport, composition and pressure, and flow starvation
behaviour.

98. The following experimental equipment installations and modifications were carried
out during the year :

- installation of transient flow facility for LOCA type fuel testing ;

- modification of fuel rod drive system ;

- modification of transient gas flow system for determination of gas composition ;

- modification of the high pressure loop system for BWR base rig irradiation
purposes ;

- installation of water purification system for the light water high pressure
loops ; and

- installation of equipment for interim inspections in the fuel handling compart-
ment.

99. The number of active and non-active fuel handling operations, fuel shipments and
waste shipments during the last five years are shown in Table III.1

Table III.I

NUMBER OF HANDLING OPERATIONS

Active Fuel Handling to and from Reactor

Non-Active Fuel Handling to Reactor

Fuel Rod Shift in Test Rigs

Fuel Transports : Reactor Hall to Fuel Bunker

Fuel Shipments

Waste Shipments

Active Transport including Unirradiated Fuel

1975

93

11

58

7

12

20

49

1976

51

7

61

11
14
13

36

1977

90

22

58

23

6

i

37

1978

53

10

52

10

8

5

92

1979

53

13

38

11

10

4

56

OPERATING STATISTICS

100. The reactor operating power level is normally been between 10 and 13 MW, depend-
ing on test fuel power limits. The operational availability during the year was 48.2 %,
and the integrated power was 1659 MWd. A detailed breakdown of shutdown time during the
last five years is given in Table III.2.

101. In addition to the planned shutdowns, there were thirty unplanned stops.
Table III.3 shows the reasons for the shutdowns, the loss in operating time for the various
categories, and number of shutdowns which were initiated by scram action. The operator
errors causing scrams were due to wrong instrument or experimental system operations. The
component failures, all of minor consequence, occurred both on the experimental loop systems
and on the reactor plant systems.

102. The total loss of heavy water over the year, based on daily tritium measurements,
was 397 kg. The average loss rate while the reactor was at full pressure was 74 g/hr., and
at shutdown 15 g/hr. The isotopic purity of heavy water decreased from 99.26 % to 99.23 %
during 1979. A total of 636 kg D20 with an average purity of 99.6 % was added to the primary
reactor system.
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Table III.2

SHUTDOWN TIME AND AVAILABILITY

1st Reloading Period

2nd Reloading Period

3rd Reloading Period

4th Reloading Period

5th Reloading Period

Preparations for Special Test Fuel
Experiments

Plant Recertification Inspections

Unplanned Shutdowns

Availability

SUM

1975

25.9 %

19.9 %

-

-

6.0 %
-

8.5 %

39.7 %

100.0 %

1976

24.2 %

4.0 %

9.7 %

-

-

0.8 %
7.6 *

7.7 %

46.0 %

100.0 %

1977

10.4 %

9.5 %

10.6 %

9.1 %

-

2.6 %
-

5.7 %

52.1 %

100.0 %

1978

26.3 %

1.3 %

6.3 %

13.9 *

-

0.6 %
-

4.9 %

46.7 %

100.0 %

1979

2.1 5!

17.8 %

12.7 55

10.4 %

2.8 %

3.0 IK
-

3.o s;
48.2 *

100.0 %

Table III.3

UNPLANNED SHUTDOWNS 1979

SHUTDOWN REASONS

Operator Error

D2O Leakage Search and Correction Actions

Component Failure

Loss of Mains Voltage

TOTAL

Number of
Shutdowns

7

5

15

3

30

Loss of
Operating

Time (hrs.)

20

19

219

6

264

Number of
Scram

Actions

7

-

4

3

14

PLANT MAINTENANCE

103. During the February-March shutdown, the following plant maintenance work was
carried out :

- additional shielding of the fuel transfer flask ;

- replacement of low pressure gas recombiner heat exchanger ;

- tube bundle replacement of steam generator bleed-off heat exchanger ;

- seal welding of tube bundle in steam generator ; and

- non-destructive examination of main components in the secondary and tertiary
circuits.
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104. During the May-June shutdown the following main modification work was carried
out :

- non-destructive examination and pressure test for recertification of reactor
pressure vessel ;

- exchange of tube bundle in feed water preheater ;

- extension of fire detection instrumentation ; and

- improvement of low temperature measurement systems.

105. The major part of the inspection of the reactor vessel as required by the
Norwegian Boiler Authority comprises a volumetric examination of the vessel welds. The
accessible weld area includes 70 % of the four longitudinal welds, and about 20 % of the
lower circumferential weld. These welds were examined from inside the reactor vessel by
use of ultrasonic probes carried by a manipulator operated from the floor level above the
reactor. 100 % of the bottom nozzle weld was examined from the outside. Half of the top
lid flange bolts were ultrasonically examined. Det norske Veritas performed the ultrasonic
examination and evaluation of the results for reporting to the Boiler Authority. The con-
clusion from the inspection was that the examination did not reveal any flaws of signifi-
cance with respect to the integrity of the reactor vessel. As a final approval test, the
heat removal circuits of the plant were pressure tested at 36.5 at, 10 % above operating
pressure, as specified in ASME Standard Section XI.

ACTIVITY RELEASE AND RADIATION PROTECTION

106. The authorities require regular information about releases, and usk for reports
when unnormal situations occur. No such situation occurred in 1979, and the releases during
the year both to stack and sewage were low and did not differ markedly from previous years.

107. The main contributions to the release are shown in Tables III.4 and III.5.

Table III.4

ACTIVITY RELEASE FROM THE STACK

January-December 1979

Nuclide

H-3

Ar-41

Xe + Kr (mainly Xe-133)

1-131

Long lived components of overall 3

Release Activity

TBq

27

9.6

11.8

< 2.2 x 10-5

< 1.5 x 10-7

(Ci)

(730)

(260)

(320)

(< 6 x 10-4)

(< 4 x 10-6)

Yearly Release Averaged
over the Years 1974-78

TBq

25

8.5

22.8

3.7 x 10-5

3.7 x 10-7

(Ci)

(680)

(230)

(615)

(< 10-3)

(< 10-5)
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Table III.5

ACTIVITY RELEASE TO THE SEWAGE

January-December 1979

Nuclide

H-3

Non-volatile 6

Release Activity

TBq

0.24

6.3 x lO-4

(Ci)

(6.4)

(1.7 x 10-2)

Yearly Release Average
over the Years 1974-78

TBq

0.9

6.3 x lO"4

(Ci)

(24)

(1.7 x lO-2)

108. Table III.6 gives personnel doses during 1979. Total dose equivalent is
0.29 man-Sv (29 manrem), including 1.3 x 10"2 man-Sv (1.3 manrem) from intake of tritium.

Table III.6

TOTAL BODY DOSES 1979

mretn

Number of persons

100-1500

37

1500-3000

4

> 30C0

0

109. Approximately 80 of the 135 persons covered by the film dosimetry have regular
duties in radiation areas. The average dose equivalent in the occupational group in thus
approximately 3.6 mSv (360 mrem) per person.
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PART IV

ADMINISTRATION AND FINANCE



INTRODUCTION

110. The formal status of the Halden Project under review in this Report is laid down
in the three-year Agreement which came into effect on 1st January, 1979. The main provi-
sions of this Agreement are identical with those of the six former international Agreements
which covered the periods 1958/1964, 1964/1966, 1967/1969, 1970/1972, 1973/1975 and 1976/
1978, respectively. (For details of these provisions, reference is made to pages 11 to 14
of the Second Annual Report, 1960.)

HALDEN BOARD OF MANAGEMENT

111. The Halden Board of Management is the governing body of the Project. The Board
met on two occasions during the period under review, in Oslo on 28th June and in Paris on
13th December, 1979.

160. The Board was composed as follows :

Ministry of Trade and Industry, Finland

United States Nuclear Regulatory Commission

Studiengesellschaft flir Atomenergie, Austria

Danish Energy Agency

Bundesmimsterium fiir Forschung und Technologie,
Federal Republic of Germany

Comitato Nazionale per TEnergia Nucleare, Italy

Japan Atomic Energy Research Institute

Netherlands Energy Research Foundation

Institutt for Atomenergi, Norway

Studsvik Energiteknik AB, Sweden

Central Electricity Generating Board, United
Kingdom

OECD Nuclear Energy Agency (in an advisory
capacity)

Combustion Engineering, Inc., U.S.A.) Associated
General Electric Co., U.S.A. ] Parties

Electric Power Research Institute, )
U.S.A. )

HALDEN PROGRAMME GROUP

112. The Halden Programme Group assists the Halden Board of Management, in particular
in formulating the joint programme and supervising its execution. The Group met four times
during the period under review, at Hakone, Japan, on 2nd April, at Hankb, Norway, on
19th June, at Oslo on 4th-5th October, and at Copenhagen, on 10th December 1979.

Mr.
Dr.

Mr.

Mr.

Dr.

Dr.

Dr.
Mr.

Mr.
Mr.

Dr.

Mr.

Dr.
Dr.
Mr.

I. Makipentti (Chairman)
T.E. Murley (Vice-Chairman)

W. Binner

M. Moller-Madsen

D. Lummerzheim

A. Pedretti

M. Ichikawa

J. Pelser

V.O. Eriksen

R. Nilson

B.C. Masters

I.G.K. Williams

W. Chernock

S. Armijo

M. Levenson
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113. The Hankb meeting included a four day "Enlarged Meeting on Water Reactor Fuel
Performance", attended by 100 representatives from the participating countries.

114.

Dr.

Dr.

Mr.

Dr.

Dr.

Dr.

Dr.

Mr.

Mr.

Mr.

Dr.

Mr.

Mr.

Mr.

Dr.

Dr.

M. Ichikawa (Chairman)

W.V. Johnston (Vice-Chairman)

Roggenbauer

Hansen

Forsten

Krawczynski

Dr. D. Biinemann

The Programme Group was composed as follows :

Japan Atomic Energy Research Institute

United States Nuclear Regulatory Commission

Studiengesellschaft fur Atomenergie, Austria

Danish Energy Agency

Technical Research Centre of Finland

Kernforschungsanlage Jlilich, GmbH, Federal
Republic of Germany

Gesellschaft fur "ernenergieverwertung in
Schiffbau und Schiffahrt, mbH, Federal Republic
of Germany

Comitato Nazionale per l'Energia Nucleare, Italy

Netherlands Energy Research Foundation

Studsvik Energiteknik AB, Sweden

Studsvik Energiteknik AB, Sweden

Central Electricity Generating Board, United
Kingdom

Institutt for Atomenergi, Norway

Institutt for Atomenergi, Norway

A. Pedretti

R.J. Swanenburg de Veye

H. Mogard

P.E. Blomberg

S. Waddington

K.O. Solberg

S. Aas

R. Duncan

R.A. Proebstle

A. Roberts

Mr. M. Stephens

Combustion Engineering, Inc. U.S.A.) Associated

General Electric Co., U.S.A. j Parties

Electric Power Research Institute, )
U.S.A. )

OECD Nuclear Energy Agency

RELATIONS WITH THE OECD NUCLEAR ENERGY AGENCY

115. The Nuclear Energy Agency (NEA) of the Organisation for Economic Co-operation
and Development in Paris is the international organisation through which the co-operative
programme of research at Halden is arranged between the participating countries. NEA is
represented at the meetings of the two governing bodies of the Project and shares the
responsibility of the Secretariat of these meetings. The Agency maintains continuous close
links with the Project management, advising on questions of general policy, also on prob-
lems which are common to other NEA joint undertakings, and playing an active role in the
negotiations for the continuation of the internationally sponsored work at Halden.

RELATIONS WITH THE INSTITUTT FOR ATOMENERGI

116. For the sake of simplicity and expedience, the OECD Halden Reactor Project has
not been given a separate legal identity, and the Norwegian Institutt for Atomenergi has
been made responsible for carrying out all legal acts on behalf of the Signatories.

117. For the sake of economy and to limit staff requirements at Halden, all account-
ing for the Project is done at the main office of IFA at Kjeller, 70 miles north of Halden.
Use is also made of the purchasing services, workshop, PIE and fuel fabrication facilities,
design office and library at Kjeller. Certain special technical problems are handled in
co-operation with the different research departments at Kjeller, where there is a computing
centre which is available to the Project.
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SAFEGUARDS

118. The Nuclear materials at the Halden Project are subject to safeguards by the
International Atomic Energy Agency (IAEA) under the Treaty of the Non-Proliferation of
Nuclear Weapons. Inspectors from the Agency frequently visit the facilities in Halden.
IAEA has placed seals on storage positions of nuclear materials, and two automatic cameras
have been installed in the reactor hall for surveillance of fuel handling operations in
the area.

FINANCE

119. The budget funds available for implementing the programme for the three-year
period 1st January, 1979 to 31st December, 1981 are covered by contributions as shown in
Table IV.1.

Table IV.1

FINANCIAL CONTRIBUTIONS FOR THE PERIOD 1979-1981

All amounts in N. kr.

Contributions from Signatories

The Norwegian Institutt for Atomenergi

The Austrian Studiengesellschaft fur Atomenergie Ges.m.b.H.

The Danish Energy Agency

The Finnish Ministry of Trade and Industry

Kernforschungsanlage Jiilich GmbH, Federal Republic of Germany

The Italian Comitato Nazionale per l'Energia Nucleare

The Japan Atomic Energy Research Institute

The Netherlands Energy Research Foundation

Studsvik Energiteknik AB, Sweden

The Central Electricity Generating Board, United Kingdom

The United States Nuclear Regulatory Commission

Total Contributions from Signatories

Contributions from Associated Parties

TOTAL CONTRIBUTIONS

Amounts

38,900,000

3,800,000

3,800,000

3,800,000

9,600,000

6,400,000

6,900,000

3,800,000

6,900,000

3,800,000

9,200,000

96,900,000

9,600,000

106,500,000

120. Actual expenditures during 1979 are given in Table IV.2.



Table IV.2

EXPENDITURES FOR 1979 IN 1OOO N. kr.

Budget Item

SALARIES

Reactor Staff

Research and Development Staff

Overhead Staff

REACTOR OPERATIONS COSTS

General Operating Costs

Atomic Insurance

Experimental Programme Costs

RESEARCH AND EXPERIMENTAL EQUIPMENT

Fuel Exp. Design & Fabrication

Modelling and Computer Applications

OVERHEADS

Office Renting & Keeping

Communication, Transport, Reporting, etc.

RESERVES

TOTAL

Budget

22,000

8,400

11,100

2,500

4,200

2,830

520

850

6,500

4,400

2,080

2,900

1,280

1,620

400

36,000

Actual Expenditures

20,046.3

8,301.2

9,351.4

2,393.7

4,432.3

3,478.1

557.1

397.1

5,319.8

3,921.0

1,398,8

2,936.5

1,331.9

1,604.6

-

32,734.9

STAFF

121. A total staff of 182 was employed at the Project as of 31st December 1979. The
university graduate staff totalled 50, of whom 12 were non-Norwegian. Most of the Project
participating organizations had staff attached to the Project during the year. In general,
the staff situation is satisfactory, but as usual in the first year of a new three-year
programme period there was a delay in the employment of attached staff. Foreign staff are
seconded mostly for periods of 18-30 months through the organizations participating in the
Halden Programme, and are integrated into the personnel structure of the Project.

PUBLICATIONS

122. In accordance with the terms of the Halden Agreement, the Signatories are provided
with all the information obtained in the course of carrying out the experimental programme.
Much of the communication of results and information is through Halden Project Reports
(HPR), the distribution of which within member countries is decided by individual
Signatories.

123. During the year ten Halden Project Reports were issued. Two of these were reports
containing papers from the two enlarged HPG meetings on Water Reactor Fuel Performance,
and Applications of Process Computers in Reactor Operation. Five Halden Internal Reports
(HIR) were issued. Fifteen papers were presented at different conferences and seminars,
and subsequently published in the open literature :



- IFAC Workshop SAFECOMP'79, 16th-18th May, 1979 .-
"An Investigation of Methods for Production and Verification of Highly Reliable
Software", by G. Dahli, J. Lahti.

- Norske Sivilingenitfrers Forening i samarbeid med Televezkets Sivilingenifaforening,
Gol, Norway, 20th-23rd May, 1979 :
"Fremtidige driftskontrollmetoder og systemer", by B.B. Thomasson.

- 2nd Multi-Phase Flow and Heat Transfer Symposium Workshop, Miami Beach, Florida,
16th-18th April, 1979 :
"A Study of Hydrodynamic Instability in Natural Circulation Boiling Coolant Channels
by Means of Graphical Computation", by K. Svanholm.

- American Nuclear Society, Topical Meeting on Light Water Reactor Fuel Performance,
Portland, Oregon, 29th AprilSrd May, 1979 :
"Fission Gas Release from U02 Pellet Fuel at High Burn-Up", by C. Vitanza, E. Kolstad,
U. Graziani.

- The European Nuclear Conference, Hamburg, Germany, 6th-llth May, 1979 .-
"In-Pile Measurements of Zircaloy Creep : Comparative Evaluation of Ten Creep
Correlations", by E. Kolstad.

- The European Nuclear Conference, Hamburg, Germany, 6th-llth May, 1979 :

"Fission Gas Release from UO2 Fuel", by C. Vitanza.

- IAEA Specialist Meeting on Experience from Quality Assurance and Control of nuclear
Power Plant Control and Instrumentation Systems, Wien, Austria, September 1979 :
"Validation of Safety Related Software", by G. Dahll.

- IAEA-NPPCI Specialist Meeting, Munich, 5th-7th December, 1979 :
"Measurement of Operator Performance - An Experimental Setup", by K. Netland.

- IAEA-NPPCI Specialist Meeting, Munich, 5th-7th December, 1979 :
"Coordination of Operator Supporting Systems and Procedures", by T.J. Bjtfrlo,
J.K. Trengereid.

- IAEA-NPPCI Specialist Meeting, Munich, 5th-7th December, 1979 :
"A Computerized System for Evaluation of the Status of a Protection System", by
A. Mederlik, H. Roggenbauer.

- IAEA-NPPCI Specialist Meeting, Munich, 5th-7th December, 1979 .-
"Monitoring Readiness of Safety Relevant Devices in Nuclear Power Plants by Means of
CRT-Colour Displays", by R. Haubert, R. Stokke.

- IAEA-NPPCI Specialist Meeting, Munich, 5th-7th December, 1979 :
"Functions and Design Characteristics of the STAR Disturbance Analysis System", by
U.E. Buttner, L. Felkel, R. Grumbach, F. 0wre, B. Thomassen.

- IAEA-NPPCI Specialist Meeting, Munich, 5th-7th December, 1979 :
"Analytical Methods and Performance Evaluation of the STAR Application in the
Grafenrheinfeld Nuclear Power Plant", by L. Felkel, R. Grumbach, A. Zapp, F. 0wre,
J.K. Trengereid.

- NKA-Seminar "Myndighetenes driftskontroll av kjernekraftanlegg". Stockholm,
11-13 desember 1979 :
"Utvikling av anleggstilkoblede systemer for overvaking og analyse av kjernekraftanleggets
tilstand ved driftsforstyrrelser", av H. Smidt Olsen, J.K. Trengereid, K. Netland.

- A Joint Development Work by OECD Halden Reactor Project, and Osterreichische
Studiengesellschaft fiir Atomenergie Ges.m.b.H. :
"Computer Systems to Aid the Operator to Survey Status of Reactor Safety Systems in
HWR's".
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SOME
NEW PUBUCATIONS

OFNF.A

QUELQUES
NOUVELLES PUBUCATIONS

DE L'AEN

ACTIVITY RAPPORTS
REPORTS D'ACTIVITE

Activity Reports of the OECD Nuclear Rapports d'activit6 de I'Agence de I'OCDE
Energy Agency (N EA) pour I' Energie Nucleaire (AEN)

- 7th Activity Report (1978) - T Rapport d'Activite (1978)
- 8th Activity Report (1979) - 8* Rapport d'Activite (1979)

Free on request — Gratuits sur demande

Annual Reports of the OECD HALDEN Rapports annuels du Projet OCDE de
Reactor Project reacteurs de HALDEN
- 18th Annual Report (1977) - 18* Rapport annuel (1977)
- 19th Annual Report (1978) - 19" Rapport annuel (1978)

Free on request — Gratuits sur demande

NEA at a Glance Coup d'ceil sur I'AEN
Free on request — Gratuit sur demande

OECO Nuclear Energy Agency: Agence de I'OCDE pour I'fnergie
Functions and Main Activities Nucleaire : Role et principales

activitds
Free on request — Gratuit sur demande

Twentieth Anniversary of the OECD Nu- Vingtieme Anniversaire de I'Agence de
clear Energy Agency I'OCDE pour I'Energie Nucleaire
— Proceedings on the NEA Symposium — Compte rendu du Symposium de I'AEN

on International Co-operation in the sur la cooperation Internationale dans
Nuclear Field: Perspectives and le domaine nucleaire: bilan et pers-
Prospects pectives

Free on request — Gratuit sur demande



SCIENTIFIC AND
TECHNICAL
PUBLICATIONS

PUBLICATIONS
SCIENTIFIQUES

ET TECHNIQUES

NUCLEAR FUEL CYCLE LE CYCLE DU COMBUSTIBLE
NUCLEAIRE

Reprocessing of Spent Nuclear Fuels in Retraitement du combustible nuclgaire
OECD Countries (1977) dans les pays de I'OCDE (1977)

£2.50 US$5.00 F20.00

Nuclear Fuel Cycle Requirements
Supply Considerations, Through
Long-Term (1978)

£4.30

World Uranium Potential —
An International Evaluation (1978)

£7.80

and Besoins lies au cycle du combustible nu-
the cleaire et considerations sur I'approvision-

nement a long terme (1978)
US$8.75 F35.0O

Potentiel mondial en uranium —
Une evaluation internationale (1978)

US$16.00 F64.00

Uranium — Resources,
Demand (1979)

Production and Uranium — ressources, production et
demanded 979)

£8.70 US$19.50 F78.00

RADIATION PROTECTION RADIOPROTECTION

lodine-129 lode-129
(Proceedings of an NEA Specialist Meet- (Compte rendu d'une reunion de specia-
ing, Paris, 1977) listes de I'AEN, Paris, 1977)

£3.40 US$7.00 F28.00

Recommendations for lonization Chamber
Smoke Detectors in Implementation of
Radiation Protection Standards (1977)

Recommandations relatives aux d6tec-
teurs de fumee a chambre d'ionisation en
application des normes de radioprotec-
tion(1977)

Free on request — Gratuit sur demande

Radon Monitoring Surveillance du radon
(Proceedings of the NEA Specialist Meet- (Compte rendu d'une reunion de specia-
ing, Paris, 1978) listes de I'AEN, Paris, 1978)

£8.00 US 16.50 F66.00

Management, Stabilisation and Environ-
mental Impact of Uranium Mill Tailings
(Proceedings of the Albuquerque Seminar,
United States, 1978)

Gestion, stabilisation et incidence sur I'en-
vironnement des residus de traitement de
I'uranium
(Compte rendu du Seminaire d'Albuquer-
que, Etats-Unis. 1978)

£9.80 US$20.00 F80.00



I Migration of Long-lived Radionuclides in Migration des radionucteides a vie longue
the Geosphere dans la g6osphere
(Proceedings of the Brussels Workshop, (Compte rendu de la reunion de travail de
1979) Bruxelles, 1979)

£8.30 US$17.00 F68.00

Low-Flow, Low-Permeability Measure-
ments in Largely Impermeable Rocks
(Proceedings of the Paris Workshop,
1979)

£7.80

Mesures des faibles 6coufements et des
faibles perm6abilites dans des roches re-
lativement impermeables
(Compte rendu de la reunion de travail de
Paris, 1979)

US$16.00 64,00

On-Site Management of Power Reactor Gestion des d£chets en provenance des
Wastes r6acteurs de puissance sur le site de la
(Proceedings of the Zurich Symposium, centrale
1979) (Compte rendu du Colloque de Zurich. 1979)

£11.00 US$22.50 F90.00

Recommended Operational Procedures Recommandations relatives aux proc6du-
for Sea Dumping of Radioactive Waste res d'execution des operations d'immer-
(1979) sion de dechets radioactifs en mer (1979)

Free on request — Gratuit sur demande

Guidelines for Sea Dumping Packages of Guide relatif aux conteneurs de dechets
Radioactive Waste radioactifs destines au rejet en mer
(Revised version, 1979) (Version revisee, 1979)

Free on request — Gratuit sur demande

Use of Argillaceous Materials for Utilisation des materiaux argileux pour
the Isolation of Radioactive Waste I'isolement des dechets radioactifs
(Proceedings of the Paris (Compte rendu de la Reunion de
Workshop, 1979) travail de Paris, 1979)

£7.60 US$17.00 F68.00

Review of the Continued Suitability Revaluation de la validite du site
of the Dumping Site for Radioactive d'immersion de dechets radioactifs
Waste in the North-East Atlantic dans la region nord-est de
(1980) l'Atlantique(1980)

Free on request — Gratuit sur demande

Decommissioning Requirements in the
Design of Nuclear Facilities
(Proceedings of the NEA Specialist
Meeting, Paris, 1980)

£7.80

Declassement des installations
nucl6aires : exigences a prendre en
compte au stade de la conception
(Compte rendu d'une reunion de specia-
listes de I'AEN, Paris. 1980)

$17.50 F70,00

Borehole and Shaft Plugging
(Proceedings of the Columbus
Workshop, United States, 1980)

Colmatage des forages et des puits
(Compte rendu de la reunion de travail
de Columbus, Etats-Unis, 1980)

£ 12.00 US$ 30.00 F 120,00



SAFETY SORETE

Safety of Nuclear Ships SOrete des navires nucleates
(Proceedings of the Hamburg Symposium. (Compte rendu du Symposium de
1977) Hambourg, 1977)

£17.00 US$35.00 F 140.00

Nuclear Aerosols in Reactor Safety Les aerosols nucleates dans la sOrete
(A State-of-the-Art Report by a Group of des reacteurs
Experts, 1979) (Rapport sur I'etat des connaissances

etabli par un Groupe d'Experts. 1979)
£8.30 US$18.75 F75.00

Plate Inspection Programme Programme d'inspection des toles
(Report from the Plate Inspection (Rapport du Comite de Direction sur
Steering Committee - PISC - on the I'inspection des toles - PISC - sur I'examen
Ultrasonic Examination of Three par ultrasons de trois toles d'essai au moyen
Test Plates) 1980 de la procedure «PISC» basee sur le code

ASMEXI), 1980
£3.30 US$7.50 F30.00

Reference Seismic Ground Motions Les mouvements sismiques de reference
in Nuclear Safety Assessments du sol dans revaluation de la sOrete
(A State-of-the-Art Report by a des installatic is nucleates
Group of Experts, 1980) (Rapport sur I'etat des connaissances

etabli par un Groupe d'experts, 1980)
£7.00 $16.00 F64.00

SCIENTIFIC INFORMATION INFORMATION SCIENTIFIQUE

Neutron Physics end Nuclear Data for La physique neutronique et les donnees
Reactors and other Applied Purposes nucleates pour les reacteurs et autres
(Proceedings of the Harwell International applications
Conference. 1978) (Compte rendu de la Conference Inter-

nationale de Harwell, 1978)
£26.80 US$55.00 F220.00

Calculation of 3-Dimensional Calcul des distributions tri-
Rating Distributions in Operating dimensionnelles de densite de puissance
Reactors dans les reacteurs en cours d'exploitation
(Proceedings of the Paris Specialists' (Compte rendu de la Reunion de specia-
Meeting, 1979) listes de Paris, 1979)

£9.60 US$21.50 F86.00



Exposure to Radiation from the Natural
Radioactivity in Building Materials
(Report by an NEA Group of Experts,
1979)

Exposition aux rayonnements due a la ra-
dioactivity naturelle des materiaux de
construction
(Rapport etabli par un Groupe d'experts
del'AEN. 1979)

Free on request — Gratuit sur demande

Marine Radioecology
(Proceedings of the Tokyo Seminar,
1979)

£9.60

Radiological Significance and
Management of Tritium, Carbon-14,
Krypton-85 and lodine-129 arising
from the Nuclear Fuel Cycle
(Report by an NEA Group of Experts,
1980)

Radioecologie marine
(Compte rendu du Coltoque de Tokyo,
1979)

US$21.50 F86.00

Importance radiologique et gestion des
radionucleides: tritium, carbone-14,
krypton-85 et iode-129, produits au cours
du cycle du combustible nucleaire
(Rapport etabli par un Groupe d'experts
del'AEN, 1980)

£8.40 US$19.00 F76.00

RADIOACTIVE WASTE MANAGEMENT GESTION OES DECHETS RADIOACTIFS

Objectives, Concepts and Strategies for
the Management of Radioactive Waste
Arising from Nuclear lower Programmes
(Report by an NEA Group of Experts,
1977)

Objectifs, concepts et strategies en ma-
ture de gestion des d£chets radioactifs re-
sultant des programmes nucleates de
puissance
{Rapport etabli par un Groupe d'experts
del'AEN, 1977)

£8.50 US$17.50 F70.00

Treatment, Conditioning and Storage of
Solid Alpha-Bearing Waste and Cladding
Hulls
(Proceedings of the NEA/IAEA Technical
Seminar, Paris, 1977)

Traitement, conditionnement et stockage
des dechets solides alpha et des coques
de degainage
(Compte rendu du Seminaire technique
AEN/AIEA, Paris. 1977)

£7.30 US$15.00 F60,00

Storage of Spent Fuel Elements Stockage des elements combustibles
(Proceedings of the Madrid Seminar, irradies (Compte rendu du Seminaire
1978) de Madrid, 1978)

£7.30 US$15.00 F60.00

In Situ Heating Experiments in Geological Experiences de degagement de chaleur in
Formations situ dans les formations geologiques
(Proceedings of the Ludvika Seminar, (Compte rendu du S6minaire de Ludvika,
Sweden, 1978) Suede, 1978)

£8.00 US$16.50 F66.00



LEGAL PUBLICATIONS PUBLICATIONS JURIDIQUES

Convention on Third Party Liability in the
Field of Nuclear Energy — incorporating
the provisions of Additional Protocol
of January 1964

Convention sur la responsabilite civile
dans le domaine de l'6nergie nucl£aire —
Texte incluant les dispositions du Proto-
cols addition nel de Janvier 1964

Nuclear Legislation, Analytical Study : Legislations nucleates, etude analytique:
"Nuclear Third Party Liability" (revised "Responsabilite civile nucleaire" (version
version, 1976) revisee, 1976)

£6.00 US$12.50 F 50,00

Nuclear Law Bulletin Bulletin de Oroit Nucleaire
(Annual Subscription — two issues and (Abonnement annuel — deux numeros et
supplements) supplements)

£5.60 US$12.50 F50.00

Index of the first twenty five issues of
the Nuclear Law Bulletin

Index des vingt-cinq premiers numeros
du Bulletin de Droit Nucleaire

Free on request — Gratuit sur demande

Licensing Systems and Inspection of Nu- Regime d'autorisation et d'inspection
clear Installations in NEA Member Coun- des installations nuclfeaires dans les pays
tries (19 8 0) de I'AEN ( 1 9 8 o )

£ 7 . 6 0 US$ 19 .00 F 7 6 , 0 0

NEA Statute Statuts de I'AEN

Free on request — Gratuit sur demande
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