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The Organisation for Economic Co-operation and Development (OECD) was set up
under a Convention signed in Paris on 14th December, 1960, which provides that the OECD
shall promue 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 arc Australia, Austria, Belgium. Canada, Denmark,
Finland, France, the Federal Republic of Germany, Greece, Iceland, Ireland, Italy,
Japan, Luxembourg, 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, replacing OECD's European Nuclear Energy Agency (ENEA) on the adhesion of Japan as a full
Member.
NEA now gmups all the European Member countries of OECD and A ustralia, Canada,
Japan, and the United Stales. The Commission qf the European Communities takespart in
the work of the Agency.
The primary objectives of NEA are to promote co-operation between its Member
governments on the safely and regulatory aspects qf nuclear development, and on assessing
the future role of nuclear energy- as a contributor to economic progress.
This is achieved by:
— encouraging harmonisation qf 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 nuclearfuel 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.
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FOREWORD

This is the Seventeenth Annual Report of the OECD Halden Reactor
Project, and describes the Project's activities during 1976, the first
year under the new three year period, 1976-1978, of the Halden Agreement.
The work at the Project has continued in the two main fields :
test fuel irradiation and fuel research, and computer based process
supervision and uontrol.
Organisations participating in the Project continue to have
their fuel irrsuiated in the Halden Reactor in instrumented test
assemblies designed and manufactured by the Project. The Project's
fuel studies continue to focus on specific subjects such as fuel pellet/
cladding interaction, fuel/cladding heat transfer and fission product
release, with increasing emphasis on the safety aspects. Experiments of
increasing sophistication are being performed and planned, while the
study and development of mathematical models for describing fuel performance continues, using the Project's large experimental data base for
verification.
The work on process control and supervision continues in the
highly relevant fields of core control and operator-process communication.
A system for predictive core control is being developed while special
mathematical methods for core power distribution control are being
studied. Operator-process communication studies comprise use of computer
simulation on colour display as important ingredients, while the work
on developing a system for interactive plant disturbance analysis
continues.
As stipulated in the Halden Agreement, this Report has been
approved by the Board of Management of the Project.

A. Pedretti
Chairman
Halden Board of Management
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SUMMARY

This report summarizes the activities of the OECD Halden Reactor
Project for the year 1976, being the first year of the three year joint
programme which started on 1st January, 1976. The main items reported
on are :
-

Process supervision and control
Fuel performance and safety "behaviour
Reactor operations
Administration and finance,

PROCESS SUPERVISION M S CONTROL
The process supervision and control investigations have focused
on core monitoring and control, and operator-process communication.
A system is "being developed which will allow the plant operator
to anticipate the results of reactor maneuvers by the aid of faster than
real time computer simulation. Development of analytical methods for core
power distribution control has continued with the main emphasis on the
Multistage Mathematical Programming (MMP) method. Tests using gamma
thermometers as local power level monitors yielded favourable results
during tests in the Otto Hahn reactor.
An experimental nuclear power plant control system is being
constructed. This system will be driven by a computer simulator, and its
development and subsequent experiments will provide data on control
system reliability and control design methodology. It will further provide
a testing environment for experiments in disturbance analysis, software
reliability, and methods for improving plant performance by refining
man-machine communication.
FUEL PERFORMANCE AND SAFETY BEHAVIOUR
The investigations of fuel performance and safety behaviour
have provided data and analytical descriptions of the thermal, mechanical,
and chemical behaviour of fuel under various operating conditions.
Investigations of the densification, relocation, and swelling
of fuel have continued to a burn-up of about 2^,000 MWd/t UO2. The axial
in-pile deformation of fuel rods were measured for several fuel designs.
The experiments included 129 rods with cladding extensometers and 28 rods
with fuel stack extensometers. These data were analyzed with a new
deformation model Diametral deformation (circumferential strain)
studies were conducted on 11 rods, including one PWR fuel pin test in
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the high, pressure rig. These measurements have provided information about
ridge formation in both pre-pressurised and un-pressurized fuel. The
effect of power transients on the dimensional stability of fuel rods has
been studied during_load-following and overpower experiments. Investigations of fuel to--cladding heat^transfer and fuel temperature have continued, and HBWR data now comprise a large part of all data available on
this subject¿-Fission gas release data were obtained in-pile by means of
pressure gauges at the fuel rod plenum, and during post irradiation
examination of fuel rods with burn-up as high as 4-1,000 MWd/t UOp.The development of thermal-models for steady state and transient
heat transfer in fuel rods has continued, and comparisons with experimental
data show reasonable agreement. A study has also been.carried out to
compare the fuel temperature predictions of several available fuel performance codes developed by other organizations. The work on thermomechanical-models has continued. A study has been performed to check the
results of the Finite Element Method (FEMAXI) calculations against the
three-dimensional MARC-CDC programme. Cladding ridge deformations calculated by both FEMAXT and the three-dimensional model agree reasonably
well with measurements made in-reactor.
REACTOR OPERATIONS
Operations have in general been satisfactory. The irradiation
programme for test fuel for participating organizations and for joint
experiments has comprised 58 assemblies and reuseable rigs during_1976.
Six assemblies have terminated irradiation, while seven new irradiation
experiments have been started.
The computer operation has included an experimental test on a
plant disturbance analysis system where several plant disturbances were
introduced by intentional maloperation. The test fuel data handling
computer availability was 99-2 %.
The general plant operation has included three major shutdowns.
The availability was 46 % and unplanned shutdown accounted for 7.7 %•
The reactor plant pressure components including the reactor vessel have
been inspected according to rules set forth by the Norwegian Boiler
Authority, and the certificates have been renewed for a new 3-5 year
period.
Activity releases have been as normal and
release rate set forth by the authorities.

•»11 below the

ADMINISTRATION AND FINANCE
The staff and financial situation during the year has been
satisfactory. Actual expenditures during 1976 amounted to N.kr. 25,281,700.
A total of 172 persons were employed with the Project at the end of the
year.
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PART I

PROCESS SUPERVISION AND CONTROL

, -ri

1.
The main purpose of the Halden Project process supervision and
control work is to contribute to the body of knowledge available concerning computer aided systems for surveillance and control of nuclear power
plants. During 1976, the main efforts have been development of core
control methods, operator-control system interface methodology, and
computer-aided situation analysis.
2.
The ability to predict the effect of core control actions on
plant status several hours in the future would be a valuable tool for
the plant operator, and would potentially increase the plant availability
and enhance maneuverability. A computer simulation could provide this
ability. The methodology for such a real-time predictive system is
presently being developed by the Project.
3.
In the plant control area, examination of the application of
computer technology to aid the operator in perceiving the plant condition
and in making decisions'about plant operation continues. A. new facility
to provide simulation of a nuclear power plant computer-based control
centre is being built. It will provide information on methods for system
architecture and software design, and will provide a testing environment
for development programmes in man-machine interaction, disturbance
analysis, software reliability and plant simulation.
4.
One of the programme items, Disturbance Analysis, is proceeding
as a cooperative project. This project will examine how a computer system
can help the operator determine the prime cause(s) of an abnormal plant
condition, and help him assess the consequences of control actions.
Experiments in the Halden Reactor control room have been part of the
1976 effort.
GORE SURVEILLANCE AMD CONTROL
INTRODUCTION
5.
The work on core surveillance and control is based on modern
control techniques and computer control, and has been concentrated in
the following areas :
- Developing a system for predicting future behaviour of the
core, based on a three-dimensional mathematical core model
and taking into account envisaged operation procedures.
- Study the use of gamma thermometers as local power indicators.
- Development of codes for efficient use of reactivity and power
distribution controllers under variable load operation.

4

ON-LINE CORE SURVEILLMCE AND STATUS DISPLAY
6.
The objective of the work is to develop an on-site core simulator providing the reactor operator with information on the consequences
of control actions.
7«
A laboratory model of a surveillance and status display system
will be "built at the Halden Project. An on-line core simulator and a
computerized colour TV communication unit will be the basic components
of this system. Figure 1 represents an on-site core simulator in terms
of functional blocks. The requirements for implementing different mathematical core models in the simulator will be evaluated.

' NUCLEAR
1
REACTOR
' CORE

¡

| STATUS OF
" THE CORE r
I
I

I
, INFORMATION FLOW
i > ANTICIPATED OPERATIONAL
PROCEDURES

Fig.

1. Conceptual design of a predictive core simulator

8.
On the basis of the technical results achieved at the Halden
Project through the development of core simulators for PWR's and EWR's,
and utilizing the experience with colour graphic display systems, functional specifications for a core simulator as outlined above will be
developed in cooperation with partner organizations. The interface
functions between the on-line core simulator and the communication unit
will be defined and programmed.
9.
In cooperation with GKSS (Gesellschaft für Kernenergieverwertung
in Schiffbau und Schiffahrt mbH, Federal Hepublic of Germany) the use of
gamma thermometers as local power monitors in LWR's is being evaluated.
Four gamma thermometers were installed in an instrumented fuel assembly
in the core of the German nuclear powered ship "Otto Hahn" during its
stay in Hamburg for core reloading and general overhaul. During its
subsequent commissioning runs, a series of measurements with the gamma
thermometers have been successfully performed.
10.
The overall design of the "Otto Hahn" reactor makes possible
measurement of reactor thermal power with very good reproducibility.
The measurements have verified the characteristics of these instruments.
The linearity and stability over the periods studied were very good. The
monitoring of gamma thermometer signals and reactor thermal power will
be repeated at increasing burn-up levels to assess long-term instrument
drift.

\ -L-¿
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CORE POWER DISTRIBUTION CONTROL
11,
it is expected that load-following operation in nuclear stations
will be economically justified for more utilities as the fraction of net
power generated "by nuclear stations increases- An efficient load-following
operation with fast power changes that does not exceed limits on local
power peaks and related constraints, is enhanced "by a core control strategy
achieved through methods based on optimum control theory.
12,
The objective of the work in this area is to develop control
algorithms that can improve the performance of power reactors during
load-following operations and when subjected to xenon oscillations. Model
testing is made against three-dimensional core simulators. Efforts will
be made to facilitate the implementation of an on-line optimal core
control programme at a power plant.
15.
in the field of core control, development has concentrated on
methods for the efficient use of reactivity and power distribution controllers under variable load operation. Two particular methods have been
developed ; these have now reached a stage where comprehensive performance
tests should be made. Instead of testing directly against power reactors,
a core simulator, COSMIC, is being used.
14-.
The COSMIC slow transient core simulator emulates the reactor
by simulating the slow processes which are to be controlled by the core
control system. One- and three-dimensional test calculations have been
made, using up to 5 controllers. Successful control of a core which is
unstable both axially and azimuthally has been demonstrated.
15.
The computational efficiency of the core simulator COSMIC has
been improved by adopting the coarse mesh rebalancing technique. This
technique provides an acceleration of the convergence of the simulator.
For the control studies, it is a method to obtain a simplified core model
for the optimization calculations based on coarse meshes, which is compatible with the fine mesh simulator model. That makes more extensive
optimization calculations possible.
16.
Two different approaches are followed in the optimal core
control work. During 1976, most effort has been spent on testing and
improvement of the "Multi-stage Mathematical Programming" (MMP) method.
There has also been some progress on the "State Variable Feedback" (SVF)
method.
17.
The "Multi-stage Mathematical Programming" method is a predictive
method aiming to preplan control actions such that oscillations are not
excited and the power distribution is kept within specific core operational limits. A three-dimensional case with 36 zones, where the core
model is unstable with respect to the fundamental mode, the first axial
overtone, and two symmetrical azimuthal first overtone oscillation modes
has been tested. Pour banks of control rods and boron in the coolant
were used to control power. Efficient control of this core was obtained
during load-following cycling. The xenon distribution was actively used
to advantage in preconditioning the core for subsequent load changes.
18.
As a possible improvement of the MMP method, a feedback control
law has been proposed that would allow use of the MMP control algorithms
in a closed loop control system.
19.
While the MMP method seems to have a great potential in control
of reactors in load-following operation, the simpler "State-Variable
Feedback" method is expected to have certain advantages when operating
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at constant power. In 1976, the SVF control programme was coupled to
COSMIC and first test calculations were made.
20.
In addition to the MMP and SVF methods a simplified, suboptimal
control strategy has also been, proposed and tested. Xenon oscillations
are damped "by compensating the deviation of xenon concentrations from
the ..equilibrium.lay appropriate movement of control rods. One advantage
of this method is the rather low calcuïational effort required. Initial
test calculations with a simplified three-dimensional core model show
that axial oscillations are damped effectively by this method.
OPERATOR-PROCESS COMHONIOATIOIJr
INTRODUCTION
21.
The objective of the work in this field has been to improve
communication between operator and process in large nuclear power plants.
Two main lines of approach have been pursued :
- Developing a plant disturbance analysis system, with emphasis
on an interactive display of fault propagation and of the
consequences of possible operator actions.
- Establishing design guidelines for and to investigate the
merits of the computer and CRTG-based control room.
INTERACTIVE PLANT DISTURBANCE ANALYSIS
Introduction
22.
One advantage of the use of computers in the operatorcommunication system is the ability of the computer to analyse the plant
data and structure the information transmitted to the operator in an
optimal way. To explore this advantage, a system for on-line disturbance
analysis has been developed. This system will assist in analysing a disturbance situation in order to find the prime causes, estimate possible
consequences, and suggest proper counteraction to the disturbance. This
work has been conducted in cooperation with LRA (Laboratorium für
Reaktorregelung und Anlagensicherung) in Garching, Federal Republic of
Germany.
Experiment
23.
Since the objective of this work is to develop a useful tool
for the power plant operating staff, it is important in the design stage
to involve operators with experience from power plant control rooms. To
test the performance of this type of system, to get practical experience
in implementation, and to involve operators in the discussion of the
design of their future tool, extensive experiments have been conducted
at the Halden Reactor. For pilot demonstration a number of disturbance
diagrams were developed. The procedure of the experiment was to induce
perturbations in the plant by intentional misoperation of valves and
pumps. For the experiment, the existing computer and colour display based
control system, OPCOM, was used ; it was connected to another computer
which performed the disturbance analysis. The dedicated computer contains
the on-line disturbance analysis programme ALSAN, developed by LRA. The
principle of the computer structure is shown in Figure 2. Process variables
are read into the plant computer and checked against limits, and the
results from the checking procedure are transferred to the analyzing
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computer. This computer analyzes the plant status and transfers the
results back to the plant computer for display on colour CRT's.

Process
Variables

Analysis
Computer

Fig.

Process
Computer

Display
Computer

2. Hardware structure for the disturbance analysis experiments

24.
It was verified that the cause-consequence diagrams which were
prepared for the experiment described the development of the disturbances
correctly, and it was also verified that the analyzing programme for all
test runs worked properly, in that it presented the correct conclusions
to the operator.
25.
Before starting the experiment, it was obvious that the proposed
method of presenting the results of the analysis to the operator did not
fulfill the requirements for a proper and comprehensive display. The
information was displayed in. a four-colour alpha-numeric form, which is
not well suited for fast reading and interpretation. The development of
methods for presenting the results of the analysis has therefore been
the subsequent main activity in this area.
Communication with the Operator
26.
Two aspects of the communication between the operator and the
system have been emphasized : the operators' interaction with the system
and the use of colour CRT's for presentation of the results. The work
done in 1976 has mainly been investigation of alternate methods, and no
final conclusion on the best method has yet been reached.
27.
The question of whether the results of the analysis should be
presented automatically or only on request from the operator has been
discussed. It was found that for some types of disturbances, mainly those
which develop quickly and which need immediate action from the operator,
the automatic presentation is more effective. For automatic presentation
it is important to present the results of the analysis in a very compact
form. The results of the analysis should contain information on the :
-

prime cause(s) of the disturbance,
latest activated event,
expected future events,
recommended remedies.

This information will be updated as the disturbance propagates through
the plant. The three types of information are differentiated by contrasting colours. It might also be an advantage to use a diagrammatic
presentation form which schematically represents the development of the
disturbance.
28.
Under other circumstances the system will mainly be an aid to
the operator in the diagnosis of a long-term disturbance situation which
he does not fully understand. In this case the operator can request an
analysis of that specific situation. This analytical information will
then be presented in an approximation of a natural learning sequence.
29.
To perform a correct diagnosis, information on the plant status
is needed. The analysis system will obtain this information by direct
reading of process variables where that is possible. Otherwise the system
will get this information via a dialogue with the operator. The results
of the analysis will comprise causes of the disturbance, possible consequences, and appropriate actions to be taken by the operator. This information can be presented to the operator in varying levels of detail. In
order to provide sufficient information, but not so much that the operator
becomes confused, it is intended to allow the operator to specify the
amount of detail he wants at various points in the analysis. It will also
be possible for him to request additional information, such as the probabilities of the various possible causes and consequences of the disturbance,
or the conditions under which the various consequences will be reached.
30.
Emphasis has been placed on the utilization of colour CRT's for
presenting the result in a diagrammatic form. The intention is to give
the operator a better understanding of how the system performs the analysis. A simplified version of the cause-consequence diagrams which form
the basis for the analysis will, on request from the operator, be presented
on the screen. The operator can further request the presentation of a more
detailed version of a part of that diagram. The development of the analysis
will be indicated through dynamic use of colours. This graphical presentation may be requested at any stage of the analysis.
Projections
31.
The system will be implemented in the computer-based control
room under development. It will be tested against disturbances induced
in the plant simulator which will be implemented in the same system. The
objective is to test the performance of the disturbance analysis system
and to select the proper form for presentation of the results.
DESIGN OP COMPUTER-BASED PROCESS-OPERATOR INTERFACES
Introduction
32.
The greater size and sophistication of modern nuclear power
plants, the increasingly restrictive safety regulations and the attempts
to increase plant availability and maneuverability all contribute to an
increase in the amount of information available to the power plant
operator. There is concern in the industry that established methods for
presenting this information are no longer adequate. At the Halden Project,
an ongoing effort is concerned with developing computer-based processoperator interfaces to fill this need. It is expected that systematic
development, testing and evaluation of such interface systems will yield
general results of use to the nuclear industry. Toward this end, such a
system was developed and tested for operation of the Halden reactor. An
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experimental control room was established adjacent to the conventional
control room, and experienced operators were trained for operation of the
reactor plant from this new control room, The experimental results from
this project, combined with current trends in hardware and software
development, have led to a proposal for a new computer-based supervision
and control system for nuclear power plants, the establishment of which
has been initiated.
33.
The new system will utilize modern computer architecture techniques such as multiple dedicated processors, shared memory, and highspeed data bases, and provide an environment for testing of concepts in
hardware and software architecture, console and display design, operatormachine communications, real-time information processing and process data
reduction. It should meet requirements such as :
-

high hardware and software reliability,
fast response for operator requests and control actions,
timely updating of process information,
simultaneous supervision and control of multiple plant functions,
display of only relevant information.

Functional Description of the Multi-Processor Concept
34-.
The multi-processor concept is shown in Figure 3. A key feature
in this system is the parallel processing capability, with one computing
unit (function computer) and one operator's console for each colour
graphic display unit. Since an integrated supervision and control system
will require a common data base, a common memory is accessible to each
function computer. Plant data are read and checked by one or more dedicated
function computers before this current plant information is stored in the
common momory. Function computer(s) will transmit the outputs to plant
actuators. The main computer will contain images of all of the supervision
and control software modules which can be stored and executed in the
function computers. This main computer will have direct access to the
function computers and will have the capability to store new function
programmes in them.

COLOUR GRAPHIC
DISPLAYS

/

\

OPERATOR'S CONSOLE

FUNCTION COMPUTERS
(DISPLAY)

COMMON MEMORY

[

FUNCTION COMPUTERS!
¡PROCESS INPUTfOUTPUn

MASS
STORAGE

PROCESS INTERFACE
PLANT

Fig.

3. Principle for a computer-based supervision and control computer, CONSUP
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35.
Faster response to the operator's requests and actions will be
achieved through parallel processing capability. Simultaneous manipulation
and/or review by the operator(s) of several supervision and control functions are allowed, since each of the channels and displays is equipped
with an individual console. Since the main computer is usually^not
required in the current operation of the plant, calculation capacity is
available in this computer for optimization programmes.
The following.is a brief description of the main modules in
the multi-processor system.
Colour Graphic Display
56.
Colour display systems, which may be connected to ordinary redgreen-blue monitors, are now available on une market. The system considered
for use will have sixteen different colours, programme-variable intensity
levels, semigraphic representation with programmable user-specified symbols, a maximum of forty-eight lines each with sixty-four characters or
symbols, and options for full graphic representation. Other features such
as character blinking, inverse video, and grid pattern are also included.
Operator's Console
37.
The operator's control desk will have one console per display,
for request of plant information and for operation of the plant. Each
console will consist of a standard alpha-numeric keyboard, a dedicated
push-button panel and a tracker ball for display cursor control. All
consoles will be identical and be functionally interchangeable.
Function Computer
38.
The use of one function computer for each display console set
meets the system requirements for capacity, response time, reliability
and modularity. The control and display software system will be divided
into software modules, called function modules. A function module will
be an independent programme module for supervision and control of certain
plant circuits or containing a particular class of functions of a process
(for example : all PID-loops, the alarm analysis programmes, etc.)". The
function computers will be loaded with the necessary function module from
the main computer when requested by the operator, during system initialisation, or when required by system contingencies.
Common Memory
39This device will be continuously updated with process variables
and status information about current control functions. It must be highly
reliable with regard to both hardware and software. For example, a systemfatal software error can occur if a programme writes into an incorrect
memory address. An important specification for addressing the common
memory will be that software errors shall have consequence only for the
data in the common memory used by the particular function and shall not
destroy data used by any of the other functions or by the general operating
software. Common memory data will be accessed with a technique minimising
the probability of writing into wrong data fields. The hardware will be
designed with the highest degree of reliability obtainable by existing
techniques.
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IL.

Process Interface
40«
The efficiency of the total supervision and control system will
also depend on the methods for input and check of plant information.
Function- computers will read analogue and digital plant data, check for
validity, filter, check.against process limits, and finally store the
process data:in -the common memory. The function computers will be utilized also for output of control signale.
Main Computer
¿t-1.
The organization of the control system software will determine
the influence of the main computer on system reliability. If an extended
dynamic change of functions is incorporated in the design, the main
computer will be an important factor in defining the global reliability
of the system. It may therefore be necessary to provide a backup for this
computer. However,' it is intended that functions with high availability
requirements be permanent"1 y located in the function computers, so that
the execution of these functions is not dependent on the operation of
the main computer.
4-2.
The main computer will be equipped with a large central memory
and a mass storage, and will possess powerful operating software for
programme development and debugging. All computers in the system will be
programme compatible.
Principle of Operation
4-3.
operate

The following points outline how the projected system will
- The function computers interfacing with the process will
continuously write the process data into the common memory,
receive and process output commands stored in the common
memory, and execute supervisory and possibly direct digital
control.
- The function computers associated with
will undertake further analysis of the
play of alarms or other information to
operator's response to the system v/ill
console to these same computers.

the operator consoles
process data before disthe operator. The
be input through the

- Optimization analysis of the plant will be performed on the
main computer.
- Through the console, the operator can undertake an examination
of selected plant circuits and make control actions on them.
All process information is updated on the display, and from
the console the operator can operate pumps and. valves in the
selected plant circuits. Simultaneously, the operator will have
available other function modules for trend display, control
status display, etc.
- The system permits use of independent units not connected to
the common memory or even not to the main computer (except
during initialization). Such separate units can for instance
execute critical control programmes. The units may not necessarily be equipped with a display.
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PLANT SIMULATORS
44.
For realistic testing, demonstration and evaluation of the
various features in the multi-computer control system, a real-time simulation of- the nuclear power plant process =is. judged to he necessary.
'
During the first six months of development, this need will "be met by a
modified._and on some points expanded version of „the. STÙDS-2Q mini-simulator,
software system. Plant-specific"data! are "in agreement with the Ringhals II
PWR in Sweden.
45.
The STUDS-20 programmes are all written in Fortran IV ; in total
they require approximately 24,000 16-bit words of memory. In a minicomputer like the NORD-10 or NORD-12, this system is able to execute with
an interval of less than 200 ms. The original STUDS-20 system was developed
by AB Atomenergi in Studsvik, Sweden, as a tool for the braining and education of operators and onsite operational planning. The original code
has been reorganized'to meet the special requirements of this project.
For example, complete separation into discrete programmes of the control
functions and the process simulation has been accomplished. This separation
allows realistic programme structures in the control computers, while the
simulation function can be allocated to a separate computer from the
control computer. This modularity will allow the same basic control package to be evaluated against a variety of simulators. Also, this structure
allows modification of the control system without impact on the plant
simulator.
46.
The process model is presently fully operational in final form
for the following plant systems : reactor core and control rods, primary
coolant loop, steam generators and steam supply system, and turbinegenerator with transmission grid. The feedwater system now has a simplified model which is to be expanded soon. A pressurizer model supplied by
AB Atomenergi will be added.
47.
The following control system programmes from the STUDS-20 have
been thoroughly tested : rod control, chemical and volume control, feedwater control, turbine control, steam dump, steam relief and safety
systems. The pressurizer control system will be added to these.
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PART ÏI

FUEL PERFORMANCE AND SAFETY BEHAVIOUR

UTTRODUOTIOIT
48.
The Halden Project fuel programme is orxented towards the
application of precision measurement techniques within the reactor core.
Information obtained by these measurements provides detailed thermal,
mechanical, and chemical characterisation of fuel. This information is
fundamental to the safe and reliable design and operation of power reactor
fuel.
49.
During 1976, the programme has continued to grow and adjustments
in the emphasis have been made to reflect the needs of the reactor industry. The continued importance of safety studies and the increased emphasis
on understanding fuel failures during normal operation have required the
Project to consider new types of in-core testing and to improve the
accuracy of current efforts. These new experiments, which are more complex
and often use new in-core instrumentation, will greatly improve the contribution of the Project to understanding fuel behaviour.
50.
Emphasis continues to be placed on fuel rod deformation studies
to determine the effect of pellet to cladding interaction on fuel failure.
Precision fuel and cladding extensometers and cladding diameter gauges
are routinely used in many experiments. In addition, an effort has begun
to determine the effects of the chemical interaction between the fuel
and the cladding on fuel failure, with special emphasis on the effect of
fission product release from the fuel. Fission gas release measurements
by in-core pressure transducers or during PIE are being performed on
many fuel rods to determine changes in gas composition and pressure.
Determination of the thermal transport characteristics of fuel and of the
fuel to cladding gap by measuring local powers and fuel centre temperatures
continues to make an important contribution. The PWR rig continues to
supply clad deformation data for high coolant pressure. The design of
assemblies to investigate LOCA behaviour and the effects of fill gas
composition and pressure on gap conductance progressed significantly.
51 Mathematical modelling to aid in interpreting data and to
provide useful descriptions of fuel performance has provided a better
capability to evaluate and plan future experiments as well as input to
the design and operation of LWR fuel rods. A new project to improve the
computer software and hardware used to analyze data has been formulated.
The aim is to provide users with easier access to data, increased computational capability and additional stored data such as design specifications.
52.
A symposium was held in connection with the Halden Programme
Group meeting in March and included presentation of 58 papers based
primarily on results from tests in HBWE.
FUEL TESTUJTG
55During 1976, a total of 57 irradiation experiments have been
performed in altogether 49 test assemblies and re-usable rigs. Ten
assemblies have been unloaded for subsequent post irradiation examinations
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and fuel rods have teen exchanged in five rigs one or more times. Fuel
rods from nine test assemblies have been shipped to hot laboratories for
post irradiation examinations.
54-,
A part of the irradiation and in-core experimental activities
has been performed on behalf of organizations participating in the Project,
Ramp experiments have been performed with other than Project fuel rods.
The test rigs used have been designed and manufactured by the Project.
FUEL AED GLADDPTG DIMENSIONAL CHARGES DURING STEADY STATE OPERATION
FUEL RELOCATION, DENSIFICATION AND SWELLING
55.
Dimensional alteration of the fuel affects both thermal characteristics and mechanical integrity of a fuel rod. Relocation, which acts
to close the gap between fuel and cladding and to improve fuel thermal
conductivity, has the beneficial effect of lowering temperatures within
the rod, but may simultaneously increase the probability of damage
through fuel-cladding mechanical interaction. Depending upon the balance
"between fuel densification and swelling processes, the fuel may shrink,
causing decreased gap conductance or segmented pellet columns or both
Co.1 it may expand sufficiently to overstrain the cladding. Various possibilities for dimensional change have been extensively studied.
56.
In the past year, more than 70 rods have been specifically
equiped to continuously measure fuel deformation during irradiation in
the HBWR. In the recent past, primary concern has been directed toward
the fuel densification problem. Irradiation and temperature induced
shrinkage have been responsible for cladding collapse and concern over
possible impairment of fuel/cladding heat transfer. The problem has been
extensively studied elsewhere using post-irradiation examination as the
principal tool. Specially instrumented fuel rods under irradiation in
the HBWR for three years have provide well defined information on both
the magnitude and kinetics of densification.
57«
The goal of the fuel densification studies in the HBWR has been
to quantitatively relate shrinkage to fuel structure and density, and to
fuel rod design and operating parameters. Results from these correlations
are used to define materials-design regimes in which densification either
does not occur or is of an acceptable magnitude. Fuels with stable and
unstable structures and with densities of 87 % to 95 % T.D. are included
in the experimental matrix. Fuel-cladding gaps were varied from 70 to
35O um, and linear heat ratings ranged from I90 to 520 W/cm.
58.
The irradiation vehicle used for these studies (IFA-401) contains
two six rod clusters which are designed for interim rod exchange. Power
distributions are measured by eight self-powered neutron detectors. Each
rod is equipped with instruments which continuously monitor fuel stack
length. This allows complete time-power dimensional characterization for
each combination of material and test parameters.
59»
To
23,000 MWd/t
cycles. Fuel
are shown in

date, the fuel rods have reached a maximum burn-up of
UOg, and have been subjected to approximately I50 full power
stack length changes at zero power as a function of burn-up
Figures 4 and 5 for the upper and lower clusters, respectively.

60.
Of the original twelve extensometers, three are out of range and
two have failed, leaving seven which continue to provide reliable measurements of fuel-stack length. In all seven rods, the stack length has either
stabilized or readied a minimum. Some swelling appears to be occuring in
three of the more stable rods at a rate of 0.05-0.23 % per 10,000 MWd/t U02-

61.
In-reactor densification data from IFA-4-O1 and participant tests
have been re-evaluated using linear regression analysis. An empirical
correlation of densification in terms of the physical properties (void
fraction and the initial grain size) of the UO2 pellets has been derived.
A previously derived correlation "based on fabrication parameters (void
fraction and fuel sintering temperatures) was updated using the enlarged
data base. Both correlations were~ compared with results from open literature and it wa.' found that the correlation baaed on the physical characteristics of the pellet better described the densification behaviour of
the non-Halden data than the correlation based on the fabrication parameters,
62,
Axial thermal expansion data from the Halden tests were also
reviewed. During the low power portion of the power ramp, the axial
expansion was in accordance with the amount expected if the hottest
portion of the pellets in contact with adjacent pellets controlled the
thermal expansion. However, when the contact point (fuel centre for flat
pellets or the inside edge of the dish for dished pellets) exceeded a
temperature of approximately 500°C, creep processes in the pellet reduced
the expansion markedly. The creep of the centre portions of the pellet
continued until the pellet was effectively flat at operating conditions.
Thus by about 2000-5000 MWd/t UO2, the axial thermal expansion of the
pellet columns was in accordance with the fuel surface temperature,
6J.
Irradiation of IFA-401 will continue toward burn-ups of 30,0004-0,000 MWd/t UO2. Estimates of swelling rates will be refined.
FUEL ROJ) AXIAL DEFORMATION
64-,
The effect of pellet-cladding interaction (PCI) on light water
reactor fuel rod integrity is of major concern, especially when considering
power changes in cores that contain fuel with a high burn-up. The mechanical portion of the interaction (PCMI) causes both diametral and axial
deformation (circumferential and axial strain respectively) in the
cladding. Monitoring of the length'of fuel rods during operation, especially during and immediately following power ramps, with in-core extensometers provides a measure of the overall mechanical interaction along the
rod and is important in understanding fuel performance.
65Beginning with the instrumented fuel assembly, IFA-1181, elongation measurements have been made on many rods in HBWR. The effects of
cladding type and thickness, fuel density, fuel pellet size and shape,
and fuel to cladding lubrication on elongation have been studied as a
function of burn-up and rod power. The total elongation during and
immediately following power ramps has received particular attention.
66.
The information needed to study cladding elongation is obtained
from in-pile measurements of cladding or fuel stack length changes, using
differential transformer extensometers. These instruments are almost
routinely included with experimental fuel rods. Specially designed rigs
permit transfer of rods from one assembly to another. This allows initial
irradiation of many rods at low or medium power to medium or high burnup in a simple rig. Thereafter, these rods can be placed in a more advanced
rig and subjected to various types of power transients to simulate ramps
within normal operating restrictions, ramps that simulate an accidental
power excursion, or ramps due to various modes of load-following operation.
67.
An empirical model has been developed to predict the axial
elongation of fuel rods during normal operation. It is based on the
analysis of fuel cladding and fuel stack elongation measurements from
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35 high turn-up rods from the HBWR data base. The instantaneous clad
elongation is considered to consist of four terms. The plastic elongation
induced during the first rise to a new power level and the reduction due
to fuel creep at power levels not exceeding previous"röd powers describe
the permanent deformation together with longitudinal irradiation growth.
The elongation induced by the latest power ramp and the subsequent rod
shortening (this is associated with the axial sliding of the fuel relative
to the cladding following a ramp and the resultant removal of PCMI axial
stresses) represents the elastic strain and the thermal expansion of the
cladding. The concept of a PCMI factor has been introduced and is a
measure of the coefficient of friction between the fuel and the cladding.
68.
The result of this analysis is an improved empirical description
of the elongation of fuel rods during their irradiation history. Various
design and operating parameters have been considered with their relative
importance given in Table I. Those that have been included to date in the
model are fuel density and length to diameter ratio, fuel to cladding
gap width, burn-up and power.
Table I
VARIOUS MIEL ROD DESIGN AND OPERATING PARAMETERS AND THEIR SIGNIFICANCE
FOR AXIAL ROD DEFORMATION
Important
Pellet L/D
Pellet density
Pellet configuration
Pellet to clad gap
Pellet diameter
Pellet diameter lubricant
Pellet vs. vipac
Clad thickness
Clad properties
Flux profile
Bu at high powers
Bu at low powers
Operating power level
Rate of change of power
Number of ramps
Slight power peaking high bu
Slight power peaking low bu

Moderately
important

Little
important

X
X
X
X
X
X
X

X
X
X
X
X

X
X

X
X
X

!••>.•:

69.
Elongation data will continue to be obtained from many assemblies.
These data will be used to improve the accuracy of the elongation model
and to include other variables such as ramp rate. The model will continue
to be refined and improved to reflect our increased understanding of PCMI
on elongation behaviour.
FUEL ROD DIAMETRAL DEFORMATION
70.
The most pronounced effect of pellet-clad mechanical interaction
on the cladding diameter is the ridge formation at pellet to pellet interfaces« Most longitudinal brittle cracks that have been observed in fuel
cladding have their origins at these ridges. Many of these cracks have
also been located opposite radial fuel pellet cracks. Therefore it is
important to investigate the diametral deformation of fuel cladding to
determine if this deformation can be used to predict fuel failures and
to provide a data base for determining the accuracy of fuel performance
codes.
71.
Fuel cladding in regions where the fuel to cladding gap has
not been closed by fuel relocation and swelling, will deform by creep in
response to the cladding stresses introduced by the external coolant.
For typical cladding textures, the diametral deformation has two components : the average diameter decreases and the ovality of the cross
section increase with time. These deformations are important for proper
prediction of cladding collapse times, of the gap width for heat transfer
calculations, and of the initial PCMI.
72.
Conclusions from previous experiments in the test rigs IFA-227,
IFA-4O4 and IFA-414, which investigated the effects of axial cladding
strain, pellet end shape, pellet density and gap lubricants, can be
summarized as follows :
- axial strain (rod lengthening) may be associated with diametral
decrease (negative circumferential strain),
- dished pellets produce larger diametral deformations than flatended pellets,
- diametral deformations decrease with decreasing pellet density
(vipac fuel exhibited the smallest diametral deformations)
- gap lubricants produce no observable differences in diametral
deformations.
73.
The diameter rig experiments are intended to determine the
influence of design parameters on PCMI. Cladding creep and ovalization
are also being determined. The detailed dimensional measurements are
particularly well suited for verification of fuel deformation codes. An
analysis that is based on the results of both the diametral and axial
deformations of the cladding is expected to lead to the capability to
better predict PCMI during both steady state and power transient conditions.
7/*-.
The basic apparatus for measuring rod profiles in-pile consists
of axially moveable, high precision electromagnetic micrometers. Single
rod and three rod rigs have been developed. The measurement system can
also be used in conjunction with a helium-coil power suppression device
to provide a capability for varying rod power at will. A high pressure
rig allows diameter and length measurements to be made at P¥R pressure
conditions.
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75During 1976 the high pressure rig IFA-414Ü(IT) produced diameter
measurements along the complete length, of a segmented FWR-type fuel rod
(cladding elongation was also measured). The diameter was measured every
30° around the fuel rod by moving" the "rod past the diameter gauges
straight up or down at different power levels and t>urn-ups. The two part
fuel rod contains pre-préssürized and unpressurized segments of equal
length, each with I70 urn pellet-clad diametral gap except for a 33 mm
section which has depleted fuel and a 500 urn pellet-clad gap to simulate
an axial gap in the fuel column.
76.
Typical clad dimensional changes are shown in Figure 6 for two
cross sections of the unpressurized fuel segment, one in the large gap
region and one averaged along the segment length. The analysis of the
data obtained during the first 2400 hours indicates that the primary
creep stage of clad deformation was completed after 1200 hours. Dimensional changes in the pressurized section were small. In the large gap
region significant ovalization did occur (Figure 6 ) . The changes in
cladding average diameter that occurred during power ramps were very
small in "both segments.
mm
1
•.11.18

(b)

Fig. 6. Cross sections of the non-pressurized segment showing cladding creep-down
and ovalization in (a) the middle of the large gap region and (b) averaged over the complete segment

7?.
The IFA-4-14 irradiation will continue, and diameter deformation
data will he obtained from rods in several other assemblies to significantly increase the ÏÏBWE data base for cladding deformation from creep
and PCMI. Later in the year, a new pre-pressurized fuel rod with two gan
widths will be placed in IFA-414- to investigate both cladding creep and"
PCMI deformation. A new 3-rod diameter rig, which combines diameter and
temperature measurements will also be fabricated during 1977. The creep
deformation data will be compared to the predictions of a fuel cladding
collapse code.
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ROD DIMENSIONAL CHANGES - FQWEE CYCLING
78,
The majority of fuel rod defect mechanisms which have occurred
to date have teen well characterized, and designs have "been modified to
avoid these mechanisms. The mechanisms which causes fuel rods to defect
during increases in local power have not been adequately defined, and
this forms the basis for an experimental programme which is divided into
two main groups :
- load follow experiments, where fuel rods are exposed to dynamic
power changes "below the normal maximum operating power level,
- power shock experiments, where the fuel rod power is brought
beyond the normal operating level in a relatively fast ramp.
79«
Most of the Halden Project experiments related to these problems
have attempted to determine experimentally the operating conditions, i.e.,
magnitude and speed of power increase, which will cause fuel rod defection
over a range of fuel rod design parameters. New experiments are being
lanned to investigate the basic mechanisms of Stress Corrosion Cracking
SCC). The programmes currently underway, i.e., load-following and ramp
test experiments, will be continued to completion.

P

LOAD-FOLLOW BEHAVIOUR
80.
Typical requirements for the rate of power change during load
following in power reactors are :
- continuous upward and downward power swings accomplished at a
rate of 5 % of full power per minute,
- step changes of 10 % upward and downward accomplished as quickly
as the reactor can respond to the control system.
These requirements are for the reactor as a whole, local rod power changes
may be more severe depending on the method of reactor control.
81.
Previous experiments at Halden indicate that rapid power cycling
of a fuel rod may be successfully achieved, provided the rod is first
conditioned to a planned higher power. However, load following in a power
reactor implies a large number of such power cycles, and it is desirable
to investigate what limits, if any, exist for successful fuel rod performance under these conditions.
82.
In order to determine the effects of operating conditions on
the ability of a fuel rod to meet load following requirements, the following operational parameters are being investigated :
- magnitude of power change,
- range of operating power,
- rate of increase of power,
- holding times at high and low power,
- power history of the fuel.
These tests are being accomplished in the continuing experiments wit
with the
test rig IFA-229-" and will be expanded in a new six rod experiment,
IFA-507.

85.
Previous experiments on the IFA-2291^ rod were performed in
September 1974 and September 1975 at burn-ups of approximately 1600 and
400 MWd/t U02 respectively. During 1976, the IFA-229IV rod accumulated
further burn-up, to approximately 8000 MWd/t TJO2 in preparation for the
next series of load following tests to be performed early in 1977POWER SHOCK BEHAVIOUR
84.
The response of fuel rods to rapid local increases in power is
currently an area of fuel performance of major importance. Fuel rod
failures due to pellet/cladding interaction (PCI) and stress corrosion
cracking (SCO) have occurred in all types of zircaloy clad fuel, and the
definition of the conditions under which these mechanisms cause failures
is of primary interest. The objective of the power ramping programme is
to investigate the effects of design parameters, amount of power change,
and speed of power change on the ability of fuel rods to withstand power
ramps.
85«
The Project has underway a series of experiments intended to
investigate fuel rod response during rapid local power increases (power
ramps) beyond normal operating levels. Thirty-six fuel rods will be
available for ramp testing from the interaction experiments in IFA-402-t,
4Q2-'--'-, and 413. In addition, six rods from the second and third loading
of the 3-rod diameter rig, IFA-404, are available for.testing. Through
the end of 1976, eighteen of the planned thirty-six rods had been ramp
tested.
86.
Of the eighteen rods, it now appears that eight rods have
defected during ramping and ten rods have survived without defection.
This conclusion is tentative and the final results will not be known
before the rods have been examined in the hot cell. Also, some of the
non-defective rods could have incipient cracks which would not show up
until an eddy current test is conducted in the hot cell. The results to
date have indicated that both design parameters and ramping conditions
are important to determine if defection will occur.
87«
In addition to the type of investigation described above,
further new experiments are currently being formulated to investigate
the basic mechanisms of PCI-SCC failure. These experiments will investigate the importance of crack propagation versus crack initiation, the
importance of static versus dynamic fission product release, and the
effect of local stress versus general circumferential stress.
THERMAL PROPERTIES
GAP CONDUCTANCE STUDIES
Introduction
88.
The transfer of the heat generated in the fuel to the cladding
is important during steady state and transient conditions. The current
data base on fuel temperatures and gap conductance is adequate for normal
operating conditions, although the spread in the data is still significant,
and more information on the effects of the fill gas pressure and composition is desirable. Por off-normal conditions such as the loss of coolant
accident, the uncertainties in the data base have resulted in restrictive
design and operating rules.

89.
The gap conductance studies aim at providing an improved data
base for heat transfer calculations for transient and steady state conditions with particular emphasis on the effects of fill gas pressure and
composition at different burn-ups. The effect of thermocouple decalibration
with burn-up will also be investigated to improve the accuracy of previous
and current fuel temperature measurements. Related data analysis efforts
will be performed to aid users in the application of the data in their
fuel performance evaluation.
90.

Specific experimental objectives of HBWR experiments are :
- determination of the effects of fill gas pressure and composition on gap conductance,
- determination of thermocouple decalibration an a function of
burn-up,
- determination of the effect of fuel to cladding contact pressure
on gap conductance,
- determination of gap conductance for transient power and cooling
conditions.

Technical Approach
91.
The temperature drop across the gap is experimentally obtained
by extrapolating from measured temperatures in the fuel rod. Accurate
determination of the gap conductance thus requires precise temperature
and power measurements. At the Halden Project, the use of in-fuel thermocouples and power sensors has become a well-established technique. In
previous years, this work has concentrated on characterising the thermal
behaviour of fuel during steady-state operation for different fuel designs
and at different operating conditions. More recently, noise analysis and
other transient methods have been developed.
92.
The ex'fect of thermocouple decalibration with burn-up will be
specifically investigated in a rig with four clusters of six rods. Each
thermocouple will "be calibrated prior to irradiation and in the hot cell
after irradiation. The operating temperature range to be investigate is
1000°C to 19OO°C.
93The effect of filler gas pressure and composition will be
determined with, a dual purpose gas transport rig. The fuel will be
equipped with centreline thermocouples so that the gap conductance can be
determined for the different gas pressures and compositions that will be
used.
94.
A new 3-rod diameter rig will also contain fuel centreline
thermocouples to investigate the effect of pellet to cladding contact
pressure on gap conductance. The main test parameter for the first loading
will be fuel to cladding diametral gap.
95^
Additional data on heat transfer and stored energy in the fuel
will be obtained from a new experiment sponsored jointly by the Halden
Project and the USERC. The assembly contains six rods each with a cladding
extensometer, a pressure monitor, and a fuel centreline thermocouple.
Following steady state irradiation in the HBWR the test will be transferred to the Power Burst Facility, PBF, where the instruments will be
reconnected and individual rods subjected to transient testing.

Summary of 1976 Findings
96. _
Fuel temperatures of the rods from several Halden Project
participants' rigs have been measured and analysed to estimate the gap
conductance for various operating conditions. Seven rods of about 95 %
theoretical density fuel were irradiated in the test assemblies IFA-410,
IFA-411, IFA-418, and IFA-431. Each rod contained a centreline thermocouple to determine temperature and several vanadium neutron detectors
at different axial and radial locations to determine local linear power.
Gap conductance (and thus fuel centre temperature) was obtained in rods
with diametral gaps ranging from I70 urn to 400 um. Each rod contained one
atmosphere He as a fill gas with two exceptions. One rod contained 2.2 atmospheres He to determine the effect of pre-pressurisation on gap conductance. Another rod contained one atmosphere Xe to determine the effect of
composition on gap conductance.
97-

The main findings of the study were :
- For one atmosphere He fill gas rods, the centre temperatures
depend nearly linearly upon heat rating and increase significantly with increasing gap for a given linear power. At about
200 W/cm, the 400 \jtm gap rod reached about 1500°C while the
200 um gap rod reached about 1200°C fuel centre temperature.
The steady state thermal correlation STTEMP was used to derive
gap conductance (H ga p) values. This code uses the consensus
curve for UOj thermal conductivity and calculates radial flux
depressions in fuel according to the Bessel function approach.
- For the 200 urn gap case the H g a p values inferred from the
thermocouple measurements were compared to those calculated by
assuming pure gas conduction across a hot gap with no fuel
relocation, swelling or densification. At low power, the
inferred Hgap was about 20 % higher than predicted with the
difference increasing to 80-100 % at higher powers. Similar
observations were made on pre-pressurized rods.
- The Hgap decreased with burn-up to about 6000 MWd/t UO? where
it remained almost constant up to 12,000 MWd/t UO2. Apparently,
fission gas release degraded the thermal conductance across the
rod gap. Above 6000 MWd/t UO2 fuel relocation and possibly
contact conductance become controlling and outweighed further
small decreases in mixed-gas thermal conductivity. For pressurized fuel the fission- gas had a smaller effect on the fill gas
conductivity and the fuel temperatures showed a decreasing
tendency due to gap closure by fuel cracking, relocation, and
swelling.
- The difference in fuel centre temperature for He versus Xe fill
gas (one atmosphere) was found to be 600°C at 200 W/cm for a
230 urn gap o(xenon
rod with centred U 0 2 pellets), clearly showing
^ e f f e c t f h o t SaP 6 a s conductivity on fuel rod heat transfer
efficiency.
- Fuel centre temperature measurements at the Halden Project are
systematically over-estimated by computer programme predictions
unúer the assumption of uniform gap clearance provided the
consensus curve for UO2 thermal conductivity is applied. A
comparative study of six different gap conductance models proposed in the open literature showed that appreciable scatter
exists between their predictions. Hone of the sub-models was
found to reproduce satisfactorily the experimental thermal
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response of fuel rods over the range of design parameters investigated. The study demonstrated the need for well-characterized
experiments on fuel thermal behaviour that can serve as a basis
for improving and verifying gap conductance models. Also the
need for standardizing the numerical procedures involved in gap
conductance determination was emphasized, and may well decrease
the observed spread.
Projections
98.
Centreline temperature measurements (with thermocouples and
ultrasonic thermometers) will continue in several assemblies. Post irradiation examinations of selected fuel rods will determine exact fill gas
compositions at end of irradiation to improve on the effect of fill gas
contamination by fission products on Hg a p. Variations of neutron flux
spectrum, and changes in radial distribution of power production in fuel
due to fuel depletion during exposures will be further analyzed with
neutronic calculations to provide correction factors to the recorded
neutron detector signals and to the Robertson's factor to be used in the
H
gap determinations.
DECAY HEAT
99.
A survey of the activities elsewhere on decay heat measurements
reveals that experiments are currently being done at several laboratories.
Accuracies in the order of ± 5 % of the decay heat generation rate in the
period extending from a few seconds after scram are being obtained. In
view of this and experimental difficulties revealed by a feasibility
study performed at the Halden Project, it is proposed to delete any
further design studies on the decay heat rig until the results of the ongoing programmes elsewhere have been reported. When this information
becomes available, the Project may propose further work on decay heat
measurements.
FLOW STARVATION BEHAVIOUR
100.
A significant part of the current licensing process for light
water reactors involves the predicted primary coolant system behaviour
during a postulated severe loss-of-coolant accident (LOCA). The severity
of the LOCA and the consequential damage are functions of the extremely
complex interaction between energy stored and generated in the fuel rods
and the multi-mode fuel-rod exterior heat transfer during the reactor
coolant blow-down and reflood phase of the LOCA sequence.
101.
There are several models currently available for predicting
LOCA behaviour of reactor components, ranging from individual fuel rods
through the complete primary coolant system. The area of greatest present
' need is for experimental data that will be able to provide a basis for
relaxing the existing conservatism in these present models and in licensing
criteria. The most efficient method for obtaining both rapid and maximum
relaxation of such conservatism is in the generation of basic experimental
data on phenomenological fuel rod behaviour that will provide either
direct verification of existing fuel rod LOCA models or that is sufficiently characterized to produce new and more realistic sub-models of
fuel rod LOCA behaviour.
102.
An experimental rig for in-reactor studies of phenomenological
LOCA behaviour of water reactor fuel rods is being designed. The objectives
of this rig are :
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- To provide an environment capable of inducing cladding temperature transient and differential pressure (interior greater
than the exterior of the cladding) histories of interest during
the heat-up phase and, even more important, during the reflood
phase.
- To experimentally measure and characterize the following critical items under such conditions on 1.5 meter long fuel rods :
- cladding temperature as a function of axial and circumferential position
- fuel centre temperature,
- fuel rod plenum pressure (including rapid transient changes),
- cladding corrosion (through post-irradiation examination),
- local cladding diametral deformation (through post-irradiation
examination),
- cladding axial deformation (in-pile).
103.
The work includes installation of a reloadable high pressure
rig capable of accepting either a four BWE rod cluster or a seven FWR
rod cluster. Two loadings of each fuel type are planned. The work is
presently in the detailed design stage. Completion
of fabrication and
assembly is scheduled for the end of 1977- Th-e first transient tests are
envisaged for the early part of 1978.
FISSION PRODUCT BEHAVIOUR
Fission products are produced in fuel during irradiation and
influence the fuel rod behaviour in several important areas. The basic
character of the fuel and the performance of th.e rod are changed as a
result of the influence of the fission products on fuel swelling and
relocation, on the conductance of the fill gas, and on the corrosion of
the clad inside surface. Heat transfer from the fuel to the cladding is
changed as fission gases contaminate the HE fill gas and as fuel swelling
and relocation cause changes in the fuel to cladding gap. As the fuel
closes the fuel to cladding gap, the resultant change in gas transport or
diffusion within the fuel rod may affect the clad deformation during a
loss-of-coolant accident (LOCA). The mechanical interaction between the
fuel and the cladding is a result of fuel relocation and swelling, while
stress corrosion cracking of the cladding may be associated with the
release of fission products from the fuel. Finally, the release of fission
gases from defected rods to the primary coolant is determined both by the
amount of gas released from the fuel and by its ability to diffuse to
the defect. The current data base in each of these areas has significant
uncertainties which have resulted in using models for predicting fission
product behaviour that are necessarily conservative.
105.
The programme on fission product behaviour consists of three
major projects. The first investigates the fission gas release from the
fuel to improve determination of gap conductance and internal fuel rod
pressure. The second is to determine the transport of fission gas in the
free volume of the fuel rod from one region to another to help predict
the ballooning characteristics of cladding during a LOCA. The third is to
provide input data for explaining and predicting the rate of release of
fission gases from fuel rods with defect cladding.
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FISSION GAS RELEASE
Introduction

\

106.
Xe and Kr gases are produced in significant quantities during
irradiation. For unpressurized fuel these contaminants to the He fill gas
may substantially decrease the gap conductance. For pre-pressurized fuel
a high gas release may theoretically increase the pressure in the free
volume until it is greater than the external coolant pressure before the
end-of-life. In addition, the timing of the release may be important to
the stress corrosion cracking of the cladding. That is, intermittent rapid
releases of gas during power ramps may be more harmful than steady slow
releases.
107.
Fission gas release studies are performed to obtain additional
data on the rate of release during steady state operation and power transients. The data are to be analysed and compared to current models for
gas release to improve their predictive capability. These gas release
predictions are to be used in the thermal models of fuel performance and
in core accident analysis codes to compare predictive capabilities.
108.
The complete data base will include a wide range of irradiation
conditions and fuel rod designs. Especially important is the effect of
fuel temperature on fission gas release. Other variables include fuel
density, fuel grain size and fuel to cladding gap.
Technical Approach
109.
The release of fission gases can be monitored during irradiation
through two methods. The fuel rod plenum may be connected to an ex-core
gas analyzer and He used to purge the gas products from the free volume
of the rod. Alternatively, pressure gauges ian be mounted on the fuel rod
and the plenum pressure monitored during irradiation. The Halden Project
has chosen this second approach and has produced a data set of about a
hundred points.
110.
The accumulated fission gas release during irradiation can also
be determined during PIE by puncturing fuel rods and collecting the
released gas in a chamber. This method has been used on HB¥R fuel rods
after transport to the Kjeller laboratories.
111.
Fission gas release is sensitive to fuel temperature and code
predictions have large uncertainties. Therefore thermocouples have been
placed in fuel rods and post irradiation fuel ceramography performed to
determine the operating temperature of fuel rods that contain pressure
transducers. This greatly reduces the uncertainty and aids in the verification of thermal and gap conductance models.
Summary of 1976 Findings
112.
During normal reactor operation, the internal fuel rod plenum
pressure was measured periodically on 25 rods to expand the HBWR data
base for fission gas release. In addition, pressure measurements were
made on 15 rods in connection with power cycling experiments to study
the effect of the power cycles on fission gas release. Seven rods in the
test assembly IFA-4-29 (KRC) have provided simultaneous centreline fuel
temperature and plenum pressure data during power changes.
113.
PIE plenum pressure measurements were performed on six high
burn-up fuel rods (two each with burn-ups of 17,000 MWd/t UOp,
25,000 MWd/t U 0 2 , and 41,000 MWd/t U0 2 ) without centre thermocouples.
Recent PIE data from other sources have also been collected and are being
evaluated.
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Projections
,
The expanded data base now available to the Project will be
analysed early in 1977. This will include development of a gas release
model and its incorporation in thermal models. Additional data will be
obtained during steady state operation and during and immediately following
power transients«
FISSION GAS TRANSPORT
115.
The ability of the gas that is in the free volume of a fuel rod
to flow from one region to another may have two effects on rod performance.
First, ballooning of the cladding during a LOO/I may occur due to local
internal gas pressure if the gas cannot flow easily within the rod.
116.
The second effect of fission gas transport concerns the rate of
release of fission products from a defective fuel rod to the primary system during normal operations. This release rate will depend on the flow
rate of the gases produced throughout the fuel to the defect. No in-pile
data on this transport phenomenon are currently available.
117.
Experiments with two different test assemblies are planned,
IFA-4-30 (KRC) and IFA-504 (HP), aiming at clarifying the gas transport
mechanism and the influence of various parameters on the transport velocity
in the fuel-to-clad gap and fuel cracks. Both assemblies will use fast
responding bellows-type pressure transducers to measure the pressure drop
along a fuel rod as He gas flows from the upper plenum to the lower plenum.
IFA-430 will have reservoirs connected to the plenum via remotely actuated
valves. The pressurizing reservoir will be externally connected to a He
source for repressurization. The exhaust reservoir will be vented to
purification and waste disposal facilities. Pressure transducers will be
located at the top, middle, and bottom of the fuel rod. IFA-5O4- will have
a direct connection from a He source to the upper fuel rod plenum and
from the lower plenum to the purification and waste disposal facilities.
Pressure transducers will be connected to the upper and lower plenums and
monitored continuously. The measurements from these experiments will be
the basis for determining gas flow rates and flow resistances of irradiated fuel and will be performed at different power, burn-up, and initial
pressure levels.
113.
Component fabrication and testing will be performed in 1977 with
irradiation to begin early in 1978.
FISSION PRODUCT RELEASE FROM DEFECT FUEL
119.
Fission product release data from defect fuel are important in
connection with safety evaluations, establishment of operating procedures,
health physics calculations, systems design, and verification of release
models in fuel performance and whole-core accident codes. Existing release
models are generally inadequate and therefore unduly conservative due to
lack of sufficient well-defined experimental data. An assessment of iodine
data, measured in the primary system during operation with defective fuel
has shown that pertinent data can be obtained in HBWR. These measurements
will continue in cases of future clad defection.
120.
The 1976 programme aimed at collecting well-defined experimental
data on the release of fission products from fuel rods with cladding
defects under various operating conditions. Previous experience indicates
that simple correlations may suffice to describe the process. Development
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of an integrated model, incorporating fission gas release from the fuel,
transport to the cladding defect, and release to the coolant, is envisaged.
121.
In order to obtain well-defined and accurate data points, design
of a new rig, IFA-506, is planned where release rates can be determined
under both BWR and PWR coolant conditions during steady state and transient
operation,
122.
In view of the total programme and an increased emphasise on
investigations related to other matters, the fission product release
experiment s have been deferred until 1978. The work during 1976 was thus
limited to defining test and design specifications.
FUEL PERFORMANCE PREDICTION
THERMAL MODELS
Introduction
123.
An accurate knowledge of fuel centreline temperature and the
temperature distribution in the fuel is important from both the safety
and operational standpoints. Safety considerations require that the stored
energy and maximum temperature within the fuel rod be known. From an
operational standpoint the stresses in the cladding and the fission product release from the fuel are dependent on the fuel temperature. The
Halden Project has established a parallel effort of both experimental
work, to provide the necessary data base, and model development effort
to allow the use of this data base to predict fuel thermal performance.
Further progress in the model development area has been made during 1976.
124.

The objectives of the thermal model development efforts are :
- To develop simple thermal models for use in connection with
project efforts on data analysis and experimental design and
planning.
- To test, verify, and if possible, improve upon existing models,
both in-house and those supplied by outside organisations,
using the data base from the Halden experimental programme.
- To uncover and clarify basic parametric relationships existing
in the experimental data to help in the general understanding
of fuel thermal performance.

125Efforts to update and improve the thermal model, FUEL TEMP are
continuing. The materials properties base utilized by the model has been
updated. The gap conductance correlation has been improved with the addition of a new treatment of the overall heat transfer resistance across
the gap using a new contact area function. The nev; version of the model
is now being tested against experimental data.
126.
A basic study has been performed to compare eight different gap
conductance models. These included the correlations used in the fuel
modelling codes t ACTIVE-II, FRAP-3, GEGAP-III, GAPCON-THERMAL-1, and
FUEL TEMP (TEMPRO). It also included an empirical correlation from
Battelle-Northwest Laboratories (BNWL) and an empirical correlation developed at the Halden Project. This study has shown a considerable spread in
the fuel centreline temperatures predicted by the various models. At a
fuel-clad gap of 200 \im and a linear heat rating of 400 W/cm, the spread
is approximately 200°C as shown by Figure 7.

1600
1400

GEGAP—
BNWL
TEMPRO>

DIAMETRAL GAP 200^m

GAPCON
FRAP
ACTIVE
EXPERIMENTAI]

200
300
LINEAR HEAT RATING (W/cm)

400

Fig. 7 Calculated fuel centre temperature

127.
The temperature measurements from twelve UO2 fuel rods irradiated in the HBWR were studied in detail to assess the effects of various
design parameters on the gap conductance. A new empirical gap conductance
model which provices a best-estimate fit to the data reviewed was presented, and has since teen updated. Efforts were begun to evaluate the
possibility of using the technique of multiple linear regression analysis
to provide a simple and fast method of estimating fuel centreline temperature .
•128.
Efforts have begun to further improve the FUEL TEMP model to
include burn-up effec'3 such as fission gas release and fuel radial
relocation. An empirical correlation is currently being evaluated for
this purpose. This correlation for burn-up effects on fuel temperatures
may temporarily be incorporated into the model and tested against experimental data.
129.
The development of models to predict the (thermomechanical)
deformation of fuel and cladding is an important part of the development
of models to predict overall fuel performance. The Halden Project has a
good foundation for the development of such models because of the extensive data base being generated through in-reactor measurements of fuel
and cladding dimensional changes. A model, FEMAXI, has been developed at
the Halden Project and this model utilizes the Finite Element Method in
an axisymmetric representation to describe local deformations.
130.
The FEMAXI model was checked against a three-dimensional model
during a joint study performed by the Halden Project in cooperation with
ECK, the Netherlands. The work included comparison of the calculated
results between MAEC-CDC and FEMAXI, study of the influence of constitutive
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equations in axisymmetric calculations, and comparisons among threedimensional, axisymmetric, and plane strain calculations. From the threedimensional and related tvio-dimensional calculations, the following was
concluded :
- Ridge deformations calculated by the axisymmetric FEMAXI model
are in good agreement with the deformations predicted by a
three-dimensional model and measured in-pile.
- Radial deformations calculated by a plane strain model agree
reasonably well with both three-dimensional calculations and
measurements.
- The stiffness of the pellet at high linear heat rating, as
predicted by the three-dimensional model, is reduced due to
fuel cracking.
131.
The code SIROD which predicts local stresses and strains in the
cladding opposite to fuel radial cracks during power ramps has been
developed. This code, in conjunction with a fracture mechanics approach
proposed originally by Kreyns et al., will be used to estimate the : ,te
of crack growth under given stress conditions, under the assumption that
flaws in the cladding structure provide sites for crack propagation without the need of preliminary nucleation mechanisms.
132.
Emphasis is being shifted from the thermomechan:cal deformation
models to the development of models which will be useful in predicting the
occurrence of SCO. Currently, the efforts are aimed at further improvements
to the SIROD programme-fracture mechanics models. A basic study will also
be undertaken to determine if an empirical model for the prediction of
SCO is feasible. FEMAXI will be verified against radial deformation measurements on fuel rods in the new diameter rig IFA-509, and other relevant
data.
ASSESSMENT OF CODES
133.
Several codes for the prediction of overall fuel performance
aie available as open codes. The predictive capability of these codes and
the submodels which are in the codes, are generally not documented in
detail. In general, considerable effort is required to develop these
codes to a level at which they would be satisfactory for analysis of fuel
behaviour. The combined materials-computer expertise of the Halden Project
is aimed at understanding the limitations of these codes and identify
capabilities which would be important to the Project, including future
programme planning and data evaluation.
134.
During 1976 the FRAP-T code was made available to the Halden
Project. It is presently not anticipated that the entire FRAP-T code will
be implemented on the project computer because of the difficulties in
programme language incompatibilities and the low level of need for this
implementation. During 1976, however, the materials properties portion
of the FRAP code system called MATPRO was implemented on the NORD-5O computer.
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Fig. 8. Reactor operation schedule 1976

INTRODUCTION
136.
The reactor operation schedule has been governed by the
requirements set by the test fuel programme, comprising both power ramp
experiments with the various test fuel assemblies and steady power operation for test fuel irradiations.
137.
There were three scheduled major shutdowns for test fuel
reloading, maintenance, and plant modification work, lasting in total
five and a half months. During the first shutdown period from February
to June, plant inspection and recertification of the reactor vessel and
the main neat exchangers took place.
138.
A number of test fuel overpower experiments have been performed
and minor fuel rod failures were detected.
139An interaction plant disturbance analysis experiment utilizing
the OPCOM system has been conducted at the plant by introducing perturbations in the plant through intentional misoperation of valves and pumps.
140.
The reactor plant operation has in general been satisfactory,
although there have been plant component and experimental equipment failures which have caused a 7^7 % reduction in availability.
141.
Modifications of the plant comprise building of a new pump room
and a pipe duct connection to tne main entrance tunnel, and excavation of
a storage tunnel next to the reactor hall entrance tunnel. A hydraulic
driver system for absorber shields and diameter gauges in fuel test rigs
has also been installed.
OPERATING STATISTICS
142.
The reactor has usually been operated between 10 and 12 MW,
depending on the test fuel power limits. The integrated power during the
year was 1730 MWd. The operation schedule is shown in Figure 8 and the
reactor power and moderator temperature are recorded in Figure 9143.
A detailed breakdown of shutdown time during the last five years
is given in Table II.
144.
In addition to the planned shutdowns, there were thirty-eight
unplanned stops. Table III 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.
145.
The unplanned shutdowns amounted to a total of 666 hrs. Four
shutdowns, 4J6 hrs. in total, were made for plant component repairs. The
remaining 34 shutdowns were of short duration, half of them lasting less
than 5 hrs.
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Table II
SHUTDOWN TIME AND AVAILABILITY

1st reloading period
2nd reloading period
3rd reloading period
Preparations for special
test fuel experiments
Fuel failures
Fiant recertification
inspections
Unplanned shutdowns
Availability

Sum

1972

1973

1974

1975

1976

2.1 %
16.4 %
16.2 %

14.2 %
13.7 %
17.8 %

18.9 %
22.9 %

25-9 %
19.9 9Í

24.2 9¿
4.0 %

-

-

9.7 #

_
3.4 %

5.5 %
3-3 %

5.2 %

-

3-7 %

_
3.3 %

58.2 %

42.2 %

5.6 %
47.4 %

100.0 %

100.0 %

100.0 %

_

6.0 %
-

0.8 %
-

_

_
3.5 %

7.7 %

39.7 9«

46.0 %

100.0 %

100.0 %

neu/

Table III
UKPLAOTED SHUTDOWNS

Shutdown reasons
Operator error
D2O leakage search and corrective
actions
Loss of main power
Component failure
Others
Total

Number of
shutdowns

Loss of
operating
time (hrs.)

Number of
scram
actions

4

r

4

5
5

146

-

17

5

22
2

486
12

6
-

33

666

15

146.
The total loss of heavy water based on daily tritium measurements
was 441 kg. The average rate while the reactor was at full pressure was
87 g/hr. and at shutdown 12 g/hr.
147.
The isotopic purity of heavy water decreased from 99.28 % to
99.25 % during the year.
148.
The amount of active and non-active fuel handling operations,
fuel shipments and waste shipments during the last four years are shown
in Table IV.
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Table IV
NUMBER OF HAKE LING OPERATIONS
1973
Active fuel handling to and from reactor
Non-active fuel handling to reactor
Fuel rod shift in test rigs
Fuel transfers : Reactor hall to fuel
bunker
Fuel shipments
Waste shipments
Active transports including unirradiated fuel

54
9

1974

1975

1976

51

59

93
11

7

24

19
44

58

61

8
8

19
16

7

11

3

9

12
20

14
15

53

65

49

36

OPERATIONAL EXPERIENCE
149.
As shown in Table III, unplanned shutdowns amounted to 666 hours
loss of operating time during the year. The major part of this time,
436 hours, was due to four incidents :
- During check-out before reactor restart on J1st August, one of
the control rods did not operate, and investigations revealed
that the control rod guide stay was broken. Repair of this
control rod was terminated on 9th September after a total loss
of 204 hours.
- From 30th September, 63 hours were lost when the reactor was
shutdown and plant cooled for replacement of a heat exchanger
in the Fuel Rod Drive System which had a D2O leakage to the
coolant water.
- After plant heating and reactor restart on 4th December, a
steam leakage in a secondary circuit valve flange developed.
This necessitated reactor shutdown and cooling of plant for
repair. The reactor was restarted on 7th December after a loss
of 69 hrs.
- During operation in December a high chlorine content was
detected in the secondary circuit water. On 11th December the
reactor was taken shutdown, and the plant was cooled for investigations and repair of a leakage between the tertiary and
secondary circuit, localised to the main Steam Generator. This
resulted in a lost time of 100 hrs.
150.
Failures on experimental, external systems during 1976 caused
eleven reactor stops and 185 hours loss of operating time. Two of the
stops were caused by scram.
151.
Apart from the above mentioned incidents, the plant including
process and nuclear instrumentation has operated satisfactorily. Only
minor delays were caused by a usual number of leaking stuffing boxes
on valves and pumps and failures in electric circuitry and instrumentation.
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COMPUTER OPERATION
152.
An experiment testing the disturbance handling prototype software system was carried out in the reactor plant during January, and later
repeated in June. For these experiments, the disturbance analysis programme
ALSAST, was implemented on the operator communication system OPCQM, such
that the analyzing of plant disturbances worked as an integral part of
the complete plant supervision and control system.
153.
The basic procedure of the experimental runs consisted in
creating operational conditions which produced alarm patterns upon which
the programme ALSAÏT should be triggered to evaluate prime cause, present
state and expected consequences of the disturbed situation.
During the experiments, reactor operators supervised and
controlled the reactor plant by means of the OPCOM control system, while
disturbances were initiated from the conventional control room.
155A number of disturbances were introduced such as closing of
valves and stopping of pumps. The tasks of the operators were to evaluate
the disturbance and take counteractions based on the messages from the
automatic analyzing system.
156.
The experimental results are used as basis for further developments in this field.
HAUJÜPEETAKCE

AMD MODIFICATION WORK

?
In addition to normal plant and component maintenance, the
following main modifications, installations and maintenance operations
were carried out during the year :
- relocation of one of the D2O purification system pumps,
- installation of a new gas monitor for plant exhaust air and
working area atmosphere activity control,
- excavation of a storage tunnel next to the reactor hall entrance
tunnel,
- relocation of the main steam line to the paper factory in front
of the new storage tunnel,
- installation of a hydraulic drive system for absorber shields
and diameter gauges in fuel test rigs,
- installation of new raw water sand filters,
- building of a new pump room and pipe duct connection to the
main entrance tunnel,
- overhaul of three control rod drive mechanisms,
- exchange of piping in the raw water supply system,
- repair of leakage in the main Steam Generator in the tertiary
circuit.

NEW GAS MONITOR
15a,
The installed gas monitor (Mon 19) is a very important instrument for detection of anomalies at the plant. It has performed well for
10 years and is regarded as indispensable. An additional instrument has
heen installed which in addition will serve as a stand-by for Mon 19. There
has also been a demand for an installed instrument for measuring tritiumand gas-activities in the entrance tunnel, which contains an experimental
laboratory and a health physics instrument room. The area also comprises
the entrance building. The He-3 equipment, which is installed in the
experimental laboratory, is also a potential source of tritium release
both to the working area and to the surroundings.
159.
The lay-out of the new instrument (Mon 33) with display and
recorder is shown in Figure 10.

F'g. JO. Xew gas monitor system

FLUX ABSORBER SHIELD CONTROL SYSTEM
160.
IFA-429 (ANC/HRC) which was loaded into the reactor in May 1975
is equipped with a silver neutron absorber shield in order to vary the
assembly power at constant reactor power. The shield in this rig is moved
by hydraulic cylinders and has been provisionally connected to the fuel
rod drive control systems. Experience has shown that the absorber shield
concept has many advantages, and two new IFA's are being designed with
such shields, and two-three additional ones are planned. The provisional
system connections are inadequate as far as rig capacity and shield movement capability are concerned, and a new shield operation system was
designed and installed during the November shutdown. Figure 11 shows the
lay-out of this system.
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Fig. 11. Flux absorber shield control system

161.
The system includes a three-cylinder piston pump with a pumping
capacity of 80 1/hr. Purified D2O from the main D2O purification system's
return line is supplied to the pump's suction side and further pumped
through the three-way flow control'valve to the test rig shield drive
cylinders for either up or down-ward movements.
162.
The system is designed for an operating pressure of I50 atm
and is installed in the reactor hall on a new gallery above one of the
primary circuit steam transformers. The pump, all motor-operated valves,
and the pneumatically operated three-way flow control valve are remotely
operated from a separate panel in the experimental control room.
163.
The diameter gauge drive cylinders of IFA-4-20 (GE) have been
connected to the installed system during the present operating period for
test purposes. The system has performed satisfactorily during the reactor
start-up phase.
164.
Two similar systems for operation of diameter gauges are planned
and will be installed in the February/March shutdown 1977PLANT RECERTIFICATION INSPECTION AHD PRESSURE TEST
165The certificates for the reactor vessel and main heat exchangers
issued by the Norwegian Boiler Authority expired in February 1976. During
the reactor shutdown from February to June a recertification inspection,
agreed upon with the Norwegian Boiler Authority, was carried out by the
Material Testing Section of the Norwegian Veritas (VMI) as licensed
inspector. To the extent possible, the inspection was performed according
to the ASME Boiler and Pressure Vessel Code, Section XI : Rules for Inservice Inspection of Nuclear Power Plant Components.
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166.
The components tested were : the reactor vessel, the steam
transformers (STA and STB), the steam drum (SD) and electro-heaters in
the secondary circuit, the primary subcooler (SCA) and high pressure
steam tubes. Ultrasonic tests as well as magnaflux examination techniques
were used« As specified in the ASME code a final pressure test of the
reactor vessel and the steam circuit was performed at 36.5 atm, 10 % above
normal operating pressure. This test was done by applying electrical and
nuclear heat in the ordinary way during plant start-up operations.
16?.
The inspections and tests were successfully performed, and the
report from VMI concludes with the statement that the examined parts of
the reactor vessel have no flaws which can influence the continued safe
operation of the reactor, and the Boiler Authority has renewed the certificates.
ACTIVITY RELEASE EROM THE PLANT
168.
Release of gaseous activity from the stack is recorded by an
ionization type gas monitor. Interpretation of the recordings is possible
only when other information is available, such as analysis of the tritium
content of the air and y-spectrometric analyses of the different nuclides
of noble gases. The mixture of these nuclides varies with the mode of
reactor operation, the pattern of fuel failure, etc., but in general
Xe-133 dominates.
159.
Release of 1-131 through the stack is found by Y-spectrometric
analysis of charcoal filters from the monitoring circuits. The release of
particulate activity is determined as overall ß and a collected on filter
paper.
170.
Activity release to the sewage is found by laboratory measurements of samples. Tritium is found by liquid scintillation counting, and
the other activities are determined by ß-counting of the residue after
evaporation.
171.

The main contributors to the release are shown in Tables V and VI.

Table Y
ACTIVITY RELEASE FROM THE STACK
January-December 1976
Hue1ide

I Released Activity
Ci

H-3
Ar-41
Ze + Kr (mainly Xe-133)
Longlived components of overall ß

- 57 -

715
240
1125
x 10-3
x 10-5

Table VI
ACTIVITY RELEASE TO THE SEWAGE
January-December 1976
Released Activity
Ci

ITuclide

62
3 x 10-2

H-3
Non-volatile ß

RADIATION PROTECTION
172.
Table VII gives personne doses during 1976. Totalraanremwas
35.7 including 4,7 manrem from intake of tritium.
Table VII
TOTAL BODY DOSES I976
mrem
Number of persons

IOO-I5OO

I5OO-3OOO

3000-5000

>5ooo

4-4

3

2

0

IODINE AMD URANIUM IN THE MODERATOR
173.
During operation of the reactor, the concentration of 1-131 in
the moderator has been about 10~^ ¡lOi/ml. In shutdown periods, the concentration decreases below the detection limit which is 10~6 pCi/ml.
7
The uranium concentration in the moderator has varied between
1 and 2 i_ig/l during operation and <1 jg/1 at shutdown.
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PART IV

ADMINISTRATION AND FINANCE

CTTRODUCTION
175.
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, 1976. The main provisions of this Agreement are identical
with those of the five former international Agreements which covered the
periods 1958/1964, 1964/1966, 1967/1969, 1970/1972 and 1973/1975, respectively. (For details of these provisions, reference is made on pages 11
to 14 of the Second Annual Report, 1960.)
HALDEN BOARD OF MANAGEMENT
176.
The Halden Board of Management is the governing body of the
Project. The Board met on two occasions during the period under review,
in Paris on 9th June and in Rome on 2nd December, 1976.
177«

Tke Board was composed as follows :

Dr. A. Pedretti (Chairman)
Mr. R. Nilson (Vice-Chairman)
Mr. P.J. Snare
Mr. I. Mäkipentti
Dr. M. Hagen
Mr. H. Murata
Dr. S. Nomura (Prom August 1976)
Prof. J. Pelser
Mr. V.O. Eriksen
Mr. M. Levenson
Mr. E. Saeland
Dr. W. Chernock
Mr. D.H. Imhoff
Dr. W.V. Johnston

Comitato Nazionale per 1'Energia
Nucleare, Italy
Aktiebolaget Atomenergi, Sweden
Danish Energy Agency
Ministry of Trade and Industry,
Finland
Bundesministerium für Forschung und
Technologie, Federal Republic of
Germany
Japan Atomic Energy Research Institute
Japan Atomic Energy Research Institute
Netherlands Energy Research Foundation
Institutt for Atomenergi, Norway
Electric Power Research Institute,
United States
OECD Nuclear Energy Agency
(in an advisory capacity)
Combustion Engineering, )
Inc., United States
)
General Electric Co.,
Associated
United States
Parties
United States Nuclear
Regulatory Commission
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HALDEN PROGRAMME GROUP
178.
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 Sanderstölen, Norway, on 12th March, at Otaniemi, Finland, on 3rd June,
in Halden on 12th October, and in Halden on 14th December, 1976.
17g.
The Sanderstölen meeting included a four day "Enlarged Meeting
on Water Reactor Fuel and Core Performance", attended by 130 representatives from the participating countries and where fifty-five papers were
presented and discussed.
180.

The Group was composed as follows

Ministry of Trade and Industry,
Finland
Electric Power Research Institute,
Dr. E. Zebroski (Vice-Chairman)
United States
Danish Energy Agency
Dr. N, Hansen
Technical Research Centre of Finland
Dr. J. Forsten
Gesellschaft für Kernenergieverwertung
Dr. D. Bünemann
in Schiffbau und Schiffahrt mbH,
Federal Republic of Germany
Kernforschungsanlage Jülich GmbH,
Dr. S. Krawscsynski
Federal Republic of Germany
Dr. A. Pedretti
Comitato Nazionale per I1Energía
Nucleare, Italy
Japan Atomic Energy Research Institute
Dr. J . Miida (Until April 1976)
Mr. A. Morishima (From April 1976) Japan Atomic Energy Research Institute
Netherlands Energy Research Foundation
Mr. R . J . Swaneriburg de Veye
Aktiebolaget Atomenergi, Sweden
Mr. P.E. Blomberg
Aktiebolaget Atomenergi, Sweden
Mr. H. Mogard
Institutt for Atomenergi, Norway
Mr. J.M. Djiderlein
Institutt for Atomenergi, Norway
Mr. S. Aas
Combustion Engineering, )
Mr. R. Duncan
Inc., United States
)
Associated
General Electric Co.,
) Parties
Dr. R.A. Proebstle
United States
United States Nuclear
)
Dr. W.V. Johnston
Regulatory Commission
)
OECD Nuclear Energy Agency
Mr. K. Stadie
Mr. 0 Vapaavuori (Chairman)

RELATIONS WITH THE OECD NUCLEAR ENERGY AGENCY
181.
The Nuclear Energy Agency (NEA) of the Organisation for Economic
Co-operation and Development in Paris is the international organization
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
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close links with, the Project management, advising on questions of general
policy, also on problems 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.
182.
Under the OECD Security Control Convention, the Control Bureau
of NEA is responsible for safeguards against diversion of the nuclear
material used at the Halden Project. All transfers of fissionable material
are reported to the NEA Director of Control, who also receives quarterly
inventory and material balance reports,
RELATIONS WITH THE INSTITUTO FOR ATOMENERGI
183.
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.
184-,
For the sake of economy and to limit staff requirements at
Halden, all accounting 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 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.
SAFEGUARDS
185.
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.
186.
Part of the year the nuclear material at the Project was also
subject to safeguards under the OECD Security Control Convention. However,
at its session on 14th October, the Steering Committee authorized the
Director of Control, until further notice, to suspend the application of
the NEA Security Control Regulations. This decision was made in order to
eliminate wasteful duplication of safeguard efforts.
FINANCE
187The budget funds available for implementing the programme for
the three-year period 1st January 1976 to 31st December 1978 are covered
by contributions as shown in Table VIII.
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Table VIII
FINANCIAL CONTRIBUTIONS-FROM PROJECT PARTICIPANTS
All amounts in Norwegian kroner
Amount

Contributions from Signatories
Tixe Norwegian Institutt for Atomenergi
Aktiebolaget Atomenergi, Sweden
Electric Power Research Institute, Inc., United States
The Italian Comitato Nazionale per l'Energia Nucleare
Japan Atomic Energy Research Institute
Kernforschungsanlage Julien GmbH, Federal Republic of
Germany
Netherlands Energy Research Foundation
The Finnish Ministry of Trade and Industry
The Danish Atomic Energy Commission
The Austrian Studiengesellschaft für Atomenergie GmbH

27,000,000
5,100,000
4,500,000
4,700,000
4,800,000

Total contributions from Signatories
Contributions from Associated Parties, etc.

63,800,000
13,000,000

TOTAL CONTRIBUTIONS

76,800,000

6,700,000
3,400,000
2,800,000
2,800,000
2,000,000

188.
Actual expenditures during 1976 and forecast of expenditures
for the remaining two years of the Project period, are given in Table IX.
Table IX
EXPENDITURES IN MILLION NORWEGIAN KRONER

Budget Item

Actual
Forecast of Expenditures
Expenditures
1978
1976
1977

Budget

Salaries
Operations
Experiments and
Development
Overheads
Reserve

15.4

18.0

18.2

51.6

4.1

3-7

1.9

9-7

3.8
2.0
-

2.9
2.3
0.3

1.5

8.2

2.0

6.5

0.7

1.0

TOTAL

25.3*

27.2

24.3

76.8

* In addition N.Kr. 240,000 of funds remaining from the 1973-75 Agreement
was used during 1976 to cover rounding-off expenditures relating to the
1973-75 programme.
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STAFF
189.
A total staff of 1?2 was employed at the Project as of
31st December, 1976. Of these, 32 were-Norwegian-graduates, while foreign
staff are seconded mostly for periods of between 18 and 30 months through
the national organizations participating in the Halden programme, and are
integrated into the personnel, structure of the Project and of the Norwegian
Institutt for Atomenergi. The organizational structure of the senior staff
is shown in Table X.
PUBLICATIONS
190.
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 has been through Halden Project Reports (HPR),
the distribution of which within member countries is decided by individual
Signatories.
191.
Thirteen Halden Project Reports were issued to the Signatories
during the period under review, in addition five Halden Internal Reports
were circulated.
192.
In addition, thirty papers were presented by Project staff at
a Symposium arranged by the Project at SanderstjzSlen during March on water
reactor fuel and core performance.
193.

The following conference papers were published :
IAEA/NPPCI Specialists ' Meeting, Neuherberp;/München, 11th15th May, 19/6 : "Two Optimal Contro1 Methods for FWR Core
Control1', by B. Blomsnes, J. Karppinen, R. Versluis.
IAEA/NPPCI Specialists' Meeting, Neuherberg/München, 11th13th May, 1976 : "Plant Disturbance Analysis by Process ComputerOn-Line Operation and Operator Communication", by G. Dahll,
R. Grumbach, K. Netland.
IAEA/NPPCI Specialists' Meeting, NeuherberK/Miinchen, 11th13th'May, 1976 : "A Computerized Supervision and Control Concept
for Nuclear Power Plants Based on Experience Obtained from
Operation of the Halden Reactor", by K. Netland, M. jJvreeide.
IAEA International Seminar on Nuclear Fuel Quality Assurance,
Oslo, Norway, 24th-28th May, 1976 : "Performance Assurance
through Experimental Fuel Testing", by A. Hanevik.
CSNI Specialist Meeting on the Behaviour of Water Reactor Fuel
Elements under Accident Conditions, Spätind (Norway), 13th16th ^ September,"1976 : "Experimental and Analytical Characterization of Fuel Hod Thermal Behaviour", by T.J. Bj^rlo,
E. Kolstad.
CSNI Specialist Meeting on the Behaviour of Water Reactor Fuel
•Elements under Accident Conditions, Spatind (Norway), T3th16th September, 1976 1 "In-Pile Measurements of Fuel Rod
Information, and Verification of the Finite Element Model
FEMAXI", by K. Joon, M. Ichikawa, K.D. Knudsen.
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OEGD/IJIEA S p e c i a l i s t s ' Meeting on the Ultrasonic Inspection of
Reactor Components, Risley (.United" Kingdom), H?tn-29th iSiptember,
1976 : " Inservice Inspection of,Halden BWR Pressure Vessel",
"by 0. Fjzirli, T. Heme s .
Nordiskt Seminarium om Transport av Nukleärt Material, 2nd4th. ITovemTjer, 1976 : "Transport-praksis", t y K.D. Knuds"ê"n.

IS,
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T.j. Vik - Project Manager
GENERAL TECHNICAL CONDUCT
/.A. firing- Dpy. Project Managers Chief,
Reactor Ootraiioni
KM. Knudsen • Chiet, Fuel Program» Execution
RESEARCH PLANNING & COOHDINATJON
.1. lianevik - Manager, Fuel Hesearch Planning
U. (¡rumtiach - Manager. Control Mein. Research

OE- D Halden Reactor Project
ProJ'fMwnai Stuff ::intcturr
us per 1st January, /.'//'/.

I
Raactor Operations and Maintenance Division

Computer Applications Division
M. Ovrceide

Fuel and Cors Performance Division
£. Robinson

Fuel Experiments Engineering Division
M.j. Brakas
(Acting Oiv. Head)
I

it. Strand
IDpy. Chief Reacior Operations)

I
- » //. Smidt Olsrn - Senior Scientific A

— B. Aanet - Senior Scientific Advisor
Fuel Parlor man« Evaluations
T.¡. lijaría iDpy. 0¡v. Head)

J. AukrJal
[Instruiront Deveiapmem)
T. Johnsen
O.Lunde
F.H. Pede rsen
T.Stien
Supp. staff: 1

£. Kohtad
D. Franklin
U. G razia ni
T. Hollowed
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(Data Interpreiationl

U.S. Jorgensen

(CompulBr Programmes!

S. Sœther {Ele-tramcs Laboratory)
N. Hagberg
A. Wahlström
Supp, staff: 1

I

1

In-Cor« Instrumentation
M.J. Brakat

en

i I ;

I

F. Vettenen

(Hardware)

J.K, Jemen
H. Julirud
I*. Greniger
Supp, staff: 1

(Laboraioryl

Data Reduction & Presentation SyHernt
K. Xetlitnit
O. Falmyr
T. Siokka
A.B. Andersen
J. Augustin
J.ö. Hol
B.B, Thomaííín
G. Dhra

J.A, Chrtitenien {Senior Metallurgist»
T. Rowland
N. F
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£. Robínsnn
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I.J. Leikkonen
R. Qguroa

System Structure & Dan Management
U.K. Trcngereidi
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L J
•
¡

O. JIattcuatd
A. Jxolnsn
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~~J
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|
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A. Mattucci
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R.Stokke
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A. Haatand
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Some other publications of NEA
ACTIVITY REPORTS

Fifth Activity Report (1976)
89 pages (crown 4to)
Sixth Activity Report (1977)
in preparation

Activity Reports of the OECD
Nuclear Energy Agency (FEA)

Free on request
Annual Reports of the OECD High
Temperature Reactor Project
(DRAGON)

Seventeenth Report (1975-1976)
76 pages (crown 4to)

The Project was terminated on 51st March 1976 and
the 17th Annual Report is the last in this series
Free on request
Annual Reports on the OECD Halden
Reactor Project

Sixteenth Report (1975)
70 pages (crown 4to)
Seventeenth Report (1976)
in preparation

Free on request

SCIENTIFIC AND TECHNICAL CONFERENCE PROCEEDINGS
RADIATION PROTECTION
Personal Dosimetry and Area
Monitoring Suitable for Radon
and Daughter Products

Proceedings of the Elliot Lake
Seminar, 4th-8th October 1976
320 pages (crown 8vo)
£ 6.80, $ 14.00, F 56.00

Iode-129

Proceedings of an NEA Specialist
Meeting, Paris, 1977
117 pages (crown 8vo)
£ 3.40, $ 7.00, F 28.00
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RADIOACTIVE WASTE MANAGEMENT
Marine Radioecology

Proceedings of the Second ENEA
Seminar, Hamburg, 1971
213 pages (crown 8vo)
£ 1.50, £ 4.5O, F 20.00

Disposal of Radioactive Waste

Proceedings of the Information
Meeting, Paris, 12th-14th April I972
290 pages (crown 8vo)
£ 2.60, $ 7-75, F 32.00

The Management of Radioactive
Wastes from Fuel Reprocessing

Proceedings of the Paris Symposium,
27th November-1st December 1972
1266 pages (crown 8vo)
£ 12.00, S 3^.00, F 140.00

The Monitoring of Radioactive
Effluents

Proceedings of the Karlsruhe
Seminar, 14th-1?th May 1974
452 pages (crown 8vo)
£ 4.40, % 11.00, F 44.00

Management of PlutoniumContaminated Solid Wastes

Proceedings of the Marcoule Seminar,
14th-16th October 1974
248 pages (crown 8vo)
£ 3.80, $ 9.5O, F 38.00

Bitmninization of Low and Medium
Level Radioactive Wastes

Proceedings of the Antwerp Seminar,
18th-19th May 1976
251 pages (crown 8vo)
£ 4.70, % 10.00, F 42.00

Treatment, Conditioning and Storage
of Solid Alpha-Bearing Waste and
Cladding Hulls

Proceedings of the NEA/IAEA Technical
Seminar, Paris, 5th-7th December I977
362 pages (crown 8vo)
£ 7.30, $ I5.OO, F 60.00

SCIENTIFIC INFORMATION
Power from Radioisotopes

Proceedings of the Second
International Symposium, Madrid,
29th May-1st June 1972
986 pages (orown 4to)
£ 9.00, $ 24.00, F 110.00

Safety of Nuclear Ships

Proceedings of the Hamburg Symposium,
5th-9th December 1977
in preparation
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SCIENTIFIC AND TECHNICAL REPORTS
NUCLEAR FUEL CYCLE
Uranium — Resources, Production
and Demand

August 1973
140 pages (crown 4to)
£ 1.76, tí 5.00, F 20.00

Uranium - Resources, Production
and Demand, including other Nuclear
Fuel Cycle Data

December 1975
78 pages (crown 4to)
£ 3.10, « 7.OO, F 23.00

Uranium - Resources, Production
and Demand

December 1977
13s pages (crown 4to)
£ 4.40, S 9.00, F 36.00

Reprocessing of Spent Nuclear
Fuels in OECD Countries

January 1977
47 T>ages (crown 4to)
£ 2".50, S 5.00, F 20.00

Nuclear Fuel Cycle Requirements
and supply considerations, through
the long-term

February 1978
84 pages (crown 4to)
£ 4.30, $ 3.75, F 35.00

RADIATION PROTECTION
Radiation Protection Norms

Revised Edition 1968
Free on request

Basic Approach for Safety Analysis
and Control of Products Containing
Radionuclides and Available to the
General Public

1970
31 pages (crown 8vo)
11s., 15 1.50, F 7-00

Radiation Protection Standards for
Gaseous Tritium Light Devices

1973

Radiation Protection Considerations
on the Design and Operation of
Particle Accelerators

23 pages (crown 8vo)
Free on request
1974
80 pages (crown 8vo)
Free on request

Interim Radiation Protection
Standards for the Design,
Construction, Testing and Control
of Radioisotopic Cardiac Pacemakers

1974
54 pages (crown 8vo)
£ 1.00, $ 2.50, F 10.00

Estimated Population Exposure from
Nuclear Power Production and Other
Radiation Sources

1976
48 pages (crown 8vo)
£ 1.60, 35 3.5O, F 14.00

Recommendations for Ionization
Chamber Smoke Detectors in
Implementation of Radiation
Protection Standards

1977
72 pages (crown 8vo)
Free on request

1\

RADIOACTIVE WASTE MANAGEMENT
Radioactive Waste Management
Practices in Western Europe

I972
126 pages (crown 8vo)
£ 1.15, « 3.25, F 15.00

Guidelines for Sea Disposal
Packages of Radioactive Waste

1974
32 pages (crown Svo)
Free on request

Objectives, Concepts and Strategies
for the Management of Radioactive
Waste Arising from Nuclear Power
Programmes

1977
Report by an N£A Group of Experts
174 pages (crown 8vo)
£ 3.50, % 17-50, F 70.00

SCIENTIFIC INFORMATION
Glossary of Terms and Symbols in
Thermionic Conversion

1971
112 pages (crown 4to)
£ 1.75, it 5.00, F 23.00

Generalised Data Management Systems
and Scientific Information

1978
Report of the Specialist Study
35Ô pages (crown 8vo)
Free on request

LEGAL PUBLICATIONS
Convention on Third Party Liability July 1960
in the Field of Nuclear Energy 73 pages (crown 4to)
incorporating provisions of
Free on request
Additional Protocole of January 1964
Nuclear Legislation, Analytical
1969
Study : "Organisation and General
230 pages (crown 8vo)
Regime Governing Nuclear Activities" £ 2.00, $ 6.00, F 24.00
Nuclear Legislation, Analytical
Study : "Regulations Governing
Nuclear Installation and Radiation
Protection"

1972
492 pages (crown 8vo)
£ 3.7O, « 11.00, F 45.OO

Nuclear Legislation, Analytical
Study : "Nuclear Third Party
Liability"

1977 (revised version)
190 pages (crown 8vo)
£ 6.00, it 12.50, F 50.00

Nuclear Law Bulletin

Annual Subscription
Two issues and supplements
£ 4.40, $ 9.00, F 35.00

Index of the first twenty issues
of the Nuclear Law Bulletin

Free on request

Description of Licensing Systems
and Inspection of Nuclear
Installations (Two volumes)

1977
Free on request

OECD SALES AGENTS
DÉPOSITAIRES DES PUBLICATIONS DE L'OCDE
ARGENTINA-ARGENTINE
Carlos Hirsch S.R.L.. Florida 165.
BUENOS-AIRES, «33-1787-2391 Y 30-7122
AUSTRALIA -AUSTRALIE
International B.C.N. Library Suppliers Pty Ltd.,
161 Sturt St.. South MELBOURNE. Vic. 3205. «699-6388
6S8 Pittwater Road, BROOKVALE NSW 2100. * 938 2267
AUSTRIA - AUTRICHE

GeroldandCo..Graben3l,WIEN I. «S2.22.3S
BELGIUM - BELGIQUE
Librairie des Sciences,
Coudenberg 76-78, B lOOO BRUXELLES 1. «51205-60
BRAZIL - BRÉSIL
Mestre Jou S.A.. Rua Guaipá S18,
Caixa Postal 24090, 05089 SAO PAULO 10. « 2 6 1 1 9 2 0
Rua Senador Dantas 19 s/205-6. RIO DE JANEIRO GB.
2 » 2 3 2 0 7 . 32
CANADA
Renouf Publishing Company Limited,
2182 St. Catherine Street West,
MONTREAL. Quebec H3H 1M7 «(514) 937-3519
DENMARK - DANEMARK
Munksgaards Boghandel,
Nerrcgade 6, 1165 KOBENHAVN K. « ( 0 1 ) 12 69 70
FINLAND - FINLANDE
Akateeminen Kirjakauppa
Kcskuskatu I, 00100 HELSINKI 10. «625.901
FRANCE
Bureau des Publications de l'OCDE.
2 rue André-Pascal. 7S77S PARIS CEDEX 16.
«524.81.67
Principal correspondant :
13602 AIXEN-PROVENCE : Librairie de l'Université.
«26,18.08
GERMANY - ALLEMAGNE
Verlag Weltarchiv G.m.b.H.
D 2000 HAMBURG 36, Neuer Jungfernsticg 21.
«O4O-3S-67-50O
GREECE - GRECE
Librairie Kaufmann. 28 rue du Stade,
ATHÈNES 132. «322.21.60
HONGKONG
Government Information Services,
Sales and Publications Office, Beaconsfidd House, 1st (loor.
Queen's Road. Central. «H-233I9I
ICELAND - ISLANDE
Snaebjörn Jonsson and Co., h.f.
Hafnarstraeti 4 and 9. P.O.B. 1131, REYKJAViC.
«13133/14281/11936
INDIA - INDE
Oxford Book and Stationery Co.:
NEW DELHI. Scindia House. «45896
CALCUTTA. 17 Park Street. «240832
IRELAND - IRLANDE
Eason and Son, 40 Lower O'Connell Street,
P.O.B. 42. DUBLIN I. « 7 4 39 35
ISRAËL
Emanuel Brown: 35 Allenby Road, TEL AVIV. «51049/54082
also at:
9. Shlomzion Hamalka Street, JERUSALEM. «234807
48 Nahlath Benjamin Street, TEL AVIV. «53276
ITALY - ITAUE
Librería Commissionaria Sansoni:
Via Lamarmora 45. S012I FIRENZE. «5797SI
Via Bartolini 29, 201SS MILANO. «36S083
Sous-dépositaires :
Editrice e Librería Herder,
Piazza Montecitorio 120. 00 186 ROMA. «674628
Librería Hocpli. Via Hoepli 5, 20121 MILANO. «365446
Librería Lattes. Via Garibaldi 3. 10122 TORINO. «SI9274
La diflusione dcllc edizioni OCDE c inoltre assicurata dalle migliorí

JAPAN - JAPON
OECD Publications Centre,
Akasaka Park Building. 2-3-4 Akasaka, Minato-ku.
TOKYO 107. «586-2016
KOREA - CORÉE
l'an Korea Book Corporation.
P.O.Boxn°10l Kwangwhamun. SÉOUL. «72-7369
LEBANON - LIBAN
Documenta Scicnlifica/Redico,
Edison Building, Bliss Street. P.O.Box 5641, BEIRUT.
«354429-344425
THE NETHERLANDS - PAYS-BAS
Staatsuitgeverij
Chr. Plamijnstraat
'S-GRAVENHAGE
« 070-814511
Voor bestellingen: « 070-62455!
NEW ZEALAND - NOUVELLE-ZÉLANDE
The Publicationt Manager,
Government Printing Office,
WELLINGTON: Mulgrave Street (Private Bag).
World Trade Centre, Cubacade, Cuba Street,
Rutherford House, Lambton Quay, «737-320
AUCKLAND: Rutland Street (P.O.Box S344). «32.919
CHRISTCHURCH: 130 Oxford Tee (Private Bag), «50.331
HAMILTON: Barton Street (P.O.Box 857), «80.103
DUNEDIN: T & G Building, Princes Street (P.O.Box 1104),
«78.294
NORWAY - NORVÈGE
Johan Grundt Tanums Bokhandel.
Karl Johansgate 41/43. OSLO 1. «02-332980
PAKISTAN
Mirza Book Agency, 65 Shahrah Quaid-E-Azam, LAHORE 3.
«66839
PHILIPPINES
R.M. Garcia Publishing House. 903 Quezon Blvd. Ext.,
QUEZON CITY, P.O.Box 1860 - MANILA. «19.98.47
PORTUGAL
Livraria Portugal. Rua do Carmo 70-74. LISBOA 2. «360582/3
SPAIN - ESPAGNE
Mundi-Prcnsa Libros, S.A.
Castillo 37, Apartado 1223. MADRID-I. «27S.46.SS
Librería Bastinos. Pelayo, 52, BARCELONA 1. «222.06.00
SWEDEN - SUÉDE
AB CE FRITZES KUNGL HOVBOKHANDEL,
Box 16 356, S 103 27 STH, Regeringsgatan 12,
DS STOCKHOLM. « 0 8 / 2 3 89 00
SWITZERLAND - SUISSE
Librairie Payot. 6 rue Grenus, 1211 GENÈVE H. «022-31.89.50
TAIWAN - FORMOSE
National Book Company,
84-5 Sing Sung Rd.. Sec. 3, TAIPEI 107. «321.0698
TURKEY - TURQUIE
Librairie Hachette,
•
_
469 Istiklal Caddesi, Bcyoglu. ISTANBUL. «44.94.70
et 14 E Ziya Gökalp Caddesi, ANKARA. «12.10.80
UNITED KINGDOM - ROYAUME-UNI
H.M. Stationery Office. P.O.B. 569,
LONDON SEI 9 NH. «01-928-6977, Ext.410
or
49 High Holborn, LONDON WC IV 6 HB (personal callers)
Branches at: EDINBURGH, BIRMINGHAM. BRISTOL,
MANCHESTER, CARDIFF, BELFAST.
UNITED STATES OF AMERICA
OECD Publications Center, Suite 1207, 1750 Pennsylvania Ave.,
N.W. WASHINGTON, D.C.20006. «(202)298-8755
VENEZUELA
Librería del Este, Avda. F. Miranda 52. Edificio Galipán,
CARACAS 106. « 3 2 23 01/33 26 04/33 24 73
YUGOSLAVIA - YOUGOSLAVIE
Jugoslovcnska Knjiga, Terazije 27, P.O.B. 36, BEOGRAD.
«621-992

Les commandes provenant de pays où l'OCDE n'a pas encore désigné de dépositaire peuvent être adressées à :
OCDE, Bureau d« Publications, 2 rue Andri-Pticil, 75775 PARIS CEDEX 16.
Orders and inquiries from countries where sales agents have not yet been appointed may be sent lo:
OECD, Publications Office, 2 rue André-Pascal, 75775 PARIS CEDEX 16.
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