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FOREWORD

The Halden Reactor Project is an i n t e r n a t i o n a l l y funded and
staffed nuclear research and d e v e l o p m e n t o r g a n i z a t i o n h e a d q u a r t e r e d in
H a l d e n , N o r w a y , which is operated under the auspices of the O E C D . The
u n i v e r s i t y g r a d u a t e staff c o m p r i s e s a p p r o x i m a t e l y 65 i n d i v i d u a l s of which
20 are seconded by o r g a n i z a t i o n s in the 11 s u p p o r t i n g c o u n t r i e s . Research
p r o g r a m m e s are c o n c e r n e d with nuclear fuel p e r f o r m a n c e and c o m p u t e r i z e d
p r o c e s s c o n t r o l , and are s t r u c t u r e d to answer the needs of member o r g a n i z a -
tions and the nuclear c o m m u n i t y at large. The d e m o n s t r a t e d strength of the
Halden Project in both fuel research and p r o c e s s control is due in s i g n i f i -
can m e a s u r e to the c h a r a c t e r i s t i c s of the d o m i n a n t Project research tool -
the H a l d e n Boiling Water Reactor ( H B W R ) . With its s p a c i o u s and a c c e s s i b l e
c o r e , the HBWR is an ideal test bed for complex e x p e r i m e n t a l a s s e m b l i e s
r e q u i r i n g large numbers of instrument l e a d s . A v a i l a b i l i t y of in-core
i n s t r u m e n t s and the o p e r a t i o n a l f l e x i b i l i t y afforded by the HBWR have
g r e a t l y aided p r o c e s s control d e v e l o p m e n t as w e l l .

In the t h i r t y years since its i n c e p t i o n , the Halden Reactor has
e v o l v e d from an initial goal of d e m o n s t r a t i n g the heavy water m o d e r a t e d
r e a c t o r concept through a m o d e s t , f i r s t - f e w t h e r m o c o u p l e and flow turbine
tests and thence through a p r o t r a c t e d series of complex a p p a r a t u s and
t e c h n i q u e i n n o v a t i o n s to become one of the most v e r s a t i l e nuclear test
r e a c t o r s in the w o r l d .

Over the c o u r s e of this d e v e l o p m e n t , some 240 in-pile e x p e r i m e n t s
have been p e r f o r m e d . These ranged in c o m p l e x i t y from r u d i m e n t a r y , non-
i n s t r u m e n t e d rod bundles to some of the most integrated and complex in-
reactor tests ever d e s i g n e d .

C o m p u t e r i z e d data handling c a p a b i l i t y , d e v e l o p e d to a c c o m m o d a t e
p r o l i f e r a t i n g fuel test data, served as the n u c l e u s for a second m a j o r
Halden Project r e s e a r c h f u n c t i o n - c o m p u t e r i z e d reactor p r o c e s s control
d e v e l o p m e n t . This area now r e p r e s e n t s r o u g h l y one third of the Halden
r e s e a r c h p r o g r a m m e and is served by a staff of 40 s c i e n t i s t s and e n g i n e e r s
with e x t e n s i v e e x p e r i e n c e in the field of c o m p u t e r - b a s e d control and m o n i -
toring of the o p e r a t i o n a l aspects of nuclear power p l a n t s .

The o r g a n i z a t i o n s p a r t i c i p a t i n g in the Halden P r o j e c t , and which
are a c t i v e l y guiding the P r o j e c t ' s r e s e a r c h p r o g r a m m e s , r e p r e s e n t a c o m p l e t e
cross section of the nuclear i n d u s t r y , including national research o r g a n i z a -
t i o n s , r e a c t o r and fuel v e n d o r s , u t i l i t y c o m p a n i e s , and i n c r e a s i n g l y over
the later y e a r s , licensing and r e g u l a t o r y i n t e r e s t s . In the fuel area,
tests done in the HBWR are r e p r e s e n t a t i v e of actual commercial and test
fuel from major fuel s u p p l i e r s . As a c o n s e q u e n c e , r e s u l t s o b t a i n e d are
u n l i k e l y to r e f l e c t any local i d i o s y n c r a c i e s in fuel p r e p a r a t i o n m e t h o d s .
The p r o c e s s control a c t i v i t i e s benefit from r e g u l a r c o n f r o n t a t i o n s with
real life r e q u i r e m e n t s though their c o n c e n t r a t i o n on p r o t o t y p e system
d e v e l o p m e n t s and practical i m p l e m e n t a t i o n in power plants and p r o c e s s
industry. This c o n t i n u o u s s c r u t i n y levied by all p a r t i c i p a n t s against the



Project's experimental results and conclusions is in particular beneficial
in preventing insularity characteristics which might develop in research
projects.

Accomplishments realized during 1981 by each of the two major
groups which comprise the Project are summarized in this Report. As
stipulated by the Halden Agreement, this Report has been approved by the
Board of Management of the Project, for submission to the Steering Committee
for Nuclear Energy (OECD Nuclear Energy Agency).

I

W. Bi nner
Chairman

Halden Board of Management
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HIGHLIGHTS OF 1981 ACCOMPLISHMENTS

FUEL PERFORMANCE

Reactor safety considerations continue to be the prime motivation
for the Halden fuel programme. A major part of the experimental efforts
deal with effects of loss-of-cool ant accidents (LOCA) on fuel thermal and
dimensional response. Fuel defect mechanisms and probabilities, both during
safety related accident sequences and in response to operational transients,
are also extensively studied. The programme encompasses current fuel designs
as well as design modifications expected to improve performance.

Reactor operations were dictated by test fuel programme needs.
Sixty-three instrumented assemblies including thirteen joint programme test
rigs were irradiated. In addition to extensive operation of existing rigs
and facilities, two new rigs - one for measuring fuel-cladding gap at oower
and the other a fuel rod internal gas flow assembly - were installed and
operated. Reactor availability during 1981 was 48 % and for the three year
period just ended was 44 %. Experimental fuel loading and installation of
experimental systems consumed about 80 % of the reactor downtime.

as follows
Principal achievements in 1981 in the Fuel Performance area were

Twelve PWR loss-of-coolant-accident (LOCA) simulations were
performed yielding dynamic cladding temperature response during
all phases of this design base accident. Results of tests of this
type are needed in assessing the basic safety of current fuel
design.

Internal fuel rod gas flow characteristics were measured during
irradiation. Data from these tests are needed for determining
whether or not local cladding deformation can create severe local
flow blockages in the core during a LOCA.

Test assemblies designed to study various aspects of fuel failure
resulting from pellet-cladding interaction (PCI) were irradiated.
The combined mechanical-chemical effects which are the subject of
these tests are responsible for nearly all fuel failures both
during steady state and in transient events. These tests seek to
define safe operating condition envelopes and to develop designs
which will extend these envelopes as needed.

Fuel cladding gap closure and fuel densification were measured
during irradiation. Results lead to a better understanding of
heat transfer and failure thresholds in irradiated fuels -
information which is needed for accurate modelling of the
consequences of mid- and late-in-life operational power tran-
sients.
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Dynamic in-pile measurements of fission gas release from UO2 fuel
during irradiation were performed. Released gaseous fission prod-
ucts provide the driving pressure for part of the damage expected
during a LOCA. Predictions of the degree and consequences of this
damage require accurate gas release data.

Measurements were made of high burn-up irradiation effects on fuel
heat transfer. All aspects of fuel behaviour are temperature de-
pendent. Knowledge of the fuel heat transfer characteristics
during its entire lifetime are basic to any prediction of failure
probability and accident consequence.

Post-irradiation recalibration of refracting metal thermocouples
was performed. Results allow much needed corrections for fuel
temperatures measured at high burn-ups.

The data was used extensively for support and verification of a
number of participants' fuel performance codes as well as for
further development of the Project's fuel models.

PROCESS COMPUTER APPLICATIONS

The control and supervision of nuclear power plants is based upon
information collected from a large number (i.e., up to several thousands)
of measuring devices and indicators as well as from operational procedures
and reports on the operational and maintenance status of the plant and its
components. During unexpected operational events, operators may have to
collect and logically analyze the information from a large number of sources
knowing that a decision must be made rapidly if plant integrity is in jeop-
ardy. In many cases, this places great stress on the operating crew creating
a situation which is not conducive to rational decision making within the
time allotted. Since the decisions made are likely to have an impact on the
safety, availability and economics of the plant, operators need whatever
aids can be reasonably made available to them.

The Halden Project is expanding its work on process computer
applications with emphasis on operator-process communication and operator
guidance systems. This includes human factors experiments, control room
layout and design, alarm handling systems and core surveillance. The prin-
cipal tool being developed for performing realistic experiments in this
field is the new control room with a full scope training simulator model
of a nuclear power plant.

Principal achievements in 1981 is Process Computer Applications
were as fol lows :

. A detailed concept was developed for alarm handling in nuclear
plants. Novel techniques based on the operators' visual pattern
recognition are used to present alarm status on cathode ray tubes.
A demonstration system using these techniques was implemented on
the STUDS simulator at Halden.

. A computerized version of the safety-related technical regulations
for the Swedish FORSMARK-1 plant was implemented at Forsmark. The
information processing portion of the programme performed well,
and valuable experience was derived from operating the system.



The core s u r v e i l l a n c e system SCORPIO has been further developed
and a first p r o t o t y p e will be implemented at Halden by mid 1 9 8 2 .
The execution times of the core simulator CYGNUS running on the
ND 100/500 computer is reduced c o n s i d e r a b l y so as to make it a
potential simulator for on-line a p p l i c a t i o n s . A large s t o r a g e ,
fast access data base was completed and s u c c e s s f u l l y operated.
The present d i s p l a y s , based on s e m i - g r a p h i c s y s t e m s , will be
c o m p l e m e n t e d by full graphic screens for certain d i s p l a y s .

To arrive at a systematic d e f i n i t i o n of the tasks of the control
room c r e w , a case study was carried out at an o p e r a t i n g nuclear
power p l a n t . M e t h o d s were developed for defining the level of
automation for role c l a s s i f i c a t i o n p u r p o s e s .

E x p e r i m e n t s were carried out in an e x p e r i m e n t a l control room to
test operator ability in c o n t r o l l i n g complex processes and to
e v a l u a t e information d i s p l a y p h i l o s o p h i e s . The results favour
mimic d i a g r a m s and trend curves over other displays (bar g r a p h s ) .

In r e t r o f i t t i n g control r o o m s , s p e c i f i c a l l y at the Swedish
Ringhais power s t a t i o n , an analysis of the required number and
the location of C R T - e q u i p p e d work stations in the central control
room was p e r f o r m e d .

Plans for a new e x p e r i m e n t a l control room were initiated. Cathode
ray tube d i s p l a y s will figure p r o m i n e n t l y in the o p e r a t o r - p r o c e s s
c o m m u n i c a t i o n system.

The STUDS s i m u l a t o r was extended to provide new m o d e l s for testing
of the STAR d i s t u r b a n c e analysis system. C o n c u r r e n t plans for
t r a n s f e r r i n g a broad scale model of a modern nuclear power plant
were p u r s u e d . These e f f o r t s concluded in the signing of an a g r e e -
ment with N O K I A / I V O in Finland to transfer an amended version of
the software for a f u l l - s c o p e training s i m u l a t o r .

Following a survey of fully graphic s y s t e m s , one system was
selected for p r o t o t y p e d e v e l o p m e n t .

An o p e r a t o r c o m m u n i c a t i o n system for K E M A , the N e t h e r l a n d s , was
developed and is to be installed at Dodewaard during 1 9 8 2 .
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Parti

FUEL RELIABILITY AND SAFETY EXPERIMENTS



BACKGROUND

Safety concerns continue to dominate fuel performance studies at the
Halden Project. Programmes are grouped in two areas : 1) fuel failure
caused by mechanical and chemical interactions between the fuel pellet
stack and the cladding, and 2) fuel response to simulated design base
reactor accidents, e.g., loss-of-coolant or related temperature excursions.
The overall programme goals are to develop and test fuel designs which have
potential for reduced failure probabilities during either normal or off-
normal reactor power cycling and to provide assurance that the fuel will
survive the more severe reactor accidents without gross failure.

Although fuel defect rates are very low in today's commercial reactors,
the power industry and licensing authorities are still concerned about the
implications of fuel failures on plant availability and safety. For "normal"
operating conditions a main task is to prevent failure of fuel rods due to
pellet-cladding interaction (PCI), which can be avoided by limiting the
rates of increase in local and core-wide power, resulting in capacity
factor losses, or by introducing design modifications with the potential
of nullifying the PCI problem. In the licensing/safety area it is of im-
portance to maintain an early warning of fuel performance characteristics
that may develop into "safety problems", and at the same time ensure that
a best possible data base is established on fuel performance under the
conditions of postulated adverse transient/severe accident sequences.

The Halden Boiling Water Reactor (HBWR), which is put at the exclusive
disposal of the Halden Project, is well suited for fuel testing for the
following major reasons :

- On basis of nuclear physics more generous space can be made available
for experimental equipment than in a light water reactor. Relationships
between fuel performance in HBWR and LHR's are being established on
basis of analytical assessments and through reference testing in light
water loops simulating LWR pressure and temperature conditions.

- Its special top lid design makes it easy to install, remove or exchange
test equipment.

- A wide range of instruments and devices for in-core on-line operation
has been developed and continuously improved since 1960.

- The test fuel supplied from more than 20 research and industry orga-
nizations in the Project member countries and the active involvement
of experts from these organizations provide an unparalleled experience
background.

The large amount of data produced in the Halden reactor is used to
develop new or improve existing mathematical descriptions, models, of the
fuel rods in operation. The more data and experience obtained, the more
accurately can the fuel behaviour be predicted. The overshadowing questions
are 1) under which conditions will cladding fail and start to release fis-
sion products, and 2) how can a fuel rod be best designed and operated to
avoid failure.

- 13 -



EXPERIMENTAL REACTOR "DERATIONS

MAJOR RESULTS

- An in-core system which measures fuel-cladding gap during irradiation
was installed and operated.

- A second, in-reactor, fuel rod internal gas flow rig was installed.'

- Improvement in water quality in the two in-core LWR loop systems used
for base irradiation under PWR and BWR temperature and pressure condi-
tions was accomplished.

- Repeated testing in the in-pile flow starvation loop and in six rigs
used for continuous measurement of fuel rod diameter during power
ramping was done.

- Extensive interim fuel rod examination in the fuel rod handling system
was performed.

- Accumulation of fuel performance data at high burn-up was continued.
Fourteen assemblies reached burn-ups exceeding 25 MWd/kg UO2 with a
maximum of 43 HWd/kg VO2.

More than sixty instrumented fuel assemblies sponsored by eighteen
organizations in six countries were irradiated in the HBWR in 1981. Mea-
surements made included fuel power, fuel rod diameter and length during
both steady-state and power cycling modes, fuel-cladding gap at power,
fission gas release and transport within the fuel rod, fuel temperature
with various fuel rod fill gas mixtures at varying pressures, and fuel
rod thermal and dimensional response during primary coolant flow starvation.

FUEL FAILURE FROM PELLET-CLADDING INTERACTION

MAJOR RESULTS

- Ten different test assemblies devoted to study of pellet-cladding
interaction (PCI) were irradiated during 1981. Four of these were
base irradiations which generate fuel rods with various irradiation
histories. These rods are then subjected to specific manipulations
and measurements in instrumented rigs. The six instrumented assemblies
included fuel rod diameter measurement rigs, BWR and PWR simulation
rigs, and a newly installed rig which measures fuel-cladding gap at
power.

- Fuel-cladding gap as a function of rod power was measured during
irradiation to a burn-up of 6 HWd/kg £/0,. The change in gap size is
of interest because radial relocation of the fuel results in the
mechanical contact between fuel and cladding which ultimately causes
cladding defects and failure. The in-pile gap monitor functions by
elastically compressing the cladding along the fuel diameter while
measuring both force and displacement. Results showed that 15-20 % of
the initial design gap was eliminated at very low burn-up - essentially
during the first rise to power. At burn-ups to 6 MWd/kg UO2, the slight
additional gap decrease which occurred is consistent with combined
mechanical relocation and fissión-product-enhanced-swelling of the
fuel. Small increases in the hot gap with time observed early in the
irradiation were used to compute kinetics and magnitude of in-pile
fuel densification, see Figure 1.
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Cladding deformation resulting from PCI is studied in-pile using the
fuel diameter rigs developed at Halden. During 1981 data concerning
cladding deformation at intermediate burn-up, cladding-fuel mechanical
relaxation, power ramp rate, and fuel design effects were obtained.

Several tests showed a reduction in fuel relaxation, i.e., an apparent
stiffening of the fuel, as burn-up progressed. At linear heat ratings
to 500 W/cm, essentially no hoop strain relaxation occurred at burn-
ups above 5 UWd/kg U02.

A comparison of solid with hollow pellets showed approximately 25 %
less circumferential cladding strain for the latter. This is consistent
with the lower mean temperature and the resultant reduced thermal ex-
pansion of the hollow fuel, see Figure 2.

Goo

S

FU
EL

 C
LA

D
CO

LD

DECREASE ON RISE TO POWER

' CAUSED BY FUEL FRACTURE

SLOW GAP FILLING CAUSED BY '
FUEL SWELLING AND RELOCATION

A. ZERO POWER

P BURNUP IMWd/kgU02) 6

o-Goh

o

HO
T 

FU
EL

GAP FILLING FROM
t - ^ _ FUEL SWELLING AND

^ " ^ ^ RELOCATION

FUEL SINTERING ^ v ,

B. FULL POWER

12.29r

®
SOLID PELLETS

©
HOLLOW PELLETS

0 8 16 24 32 40 48
ROD LINEAR HEAT RATING ( kW/m I

Fig. 2. Comparison of fuel-cladding mechanical inter-
action during power ramping for solid and hollow pellet
fuel. Note that the hollow pellets cause substantially less
cladding strain than do the solid pellets.0 BURNUP (MW<MkgUO2) 6

Fig. 1. In-pile fuel-cladding gap measurements show (A)
begmnmg-of4ife cold gap closure as fuel fragments move
outward followed by slow closure as swelling occurs.
Hot gap (B) increases initially as fuel sinters, then
decreases because of relocation and fission product
swelling in to fuel.

A series of tests to study early-in-life power ramping effects on later
failure thresholds was performed. Results relate to whether or not
normal excursions either reduce fuel integrity or pose requirements
for fuel replacement. No clearly damaging effects were observed in the
first test series. Final conclusions were deferred, however, pending
results of post-irradiation examination which is in progress.

Two in-pile assemblies containing twelve rods intended for eventual
power ramp testing continued base irradiation to a peak burn-up of
12 MWd/kg U02. Ramp testing of these rods will begin in 1982.

A high pressure, in-pile system for combined pressure and power ramping
was designed and will be built and installed in the HBWR in 1982.
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Fuel rod failures are caused primarily by stress corrosion cracking
(SCC) which results from mechanical interaction between the fuel pellets
and the cladding, operating in concert with the corrosion effects of chemi-
cally reactive fission products - most notably iodine. Other factors which
increase failure probability include irradiation embrittlement of the clad-
ding, fuel swelling, and differential fuel thermal expansion. Stress
corrosion cracking is further exacerbated by core power transients, either
operational or off-normal, and by fuel temperature excursions. Both cause
an increase in fuel-cladding stresses and a larger inventory of available
reactive material. The critical questions which relate to these phenomena
fall into two categories :

1) To what degree can core power cycling, e.g., load following, frequency
cycling, etc., be allowed without causing fuel failure frequency to
exceed clean-up capability or licensing limits ?

2) How are the various off-normal or accident events which are considered
in safety-related licensing matters manifested in terms of fuel failure
probability and its effects on activity release, core geometrical in-
tegrity, and continuing utility of a fuel loading following an event ?

In addition to needs in these two areas, improved designs which mini-
mize fuel-cladding interaction, and its effect on failure probability and
consequence are being developed.

These problems are investigated at Halden using various specialized,
highly-instrumented in-pile rigs. Quantities measured during irradiation
include fuel-cladding gap changes, cladding strain during power and tempera-
ture changes, and cladding and fuel thermal response to power ramps. These
studies are done on both state-of-the-art fuel designs and on a variety of
advanced-design fuels. In-reactor tests are supplemented and guided by ana-
lytical and laboratory studies in an attempt to maximize the relevance of
experimental results.

FISSION PRODUCT BEHAVIOUR

MAJOR RESULTS

- A sizeable effort was expended in measuring dynamic release of fission
product gases from the fuel and correlating the results with predic-
tions of several gas release models.

- Fissicij gas release measurements made using the in-pile gas communica-
tion rigs yielded extensive data. Results showed that, at all tempera-
tures of interest in contemporary fuels, fission gas release is diffu-
sion controlled. This is at variance with other models which evoke
recoil and knock-out mechanisms as dominent release processes at low
temperatures.

- The development and qualification of the bellows-type pressure trans-
ducer as the standard measuring tool for use on fuel rods in the HBWR
continued. These devices provide for continuous monitoring of fuel rod
pressure thereby allowing correlations with dynamic events. Early-in-
life bellows decalibration from thermal creep can be characterized and
compensated for in the calibration functions.

- A fission gas pressure gauge which can be remotely installed on irra-
diated rods with no loss or contamination of internal gases was designed
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and tested out-of-pile. This device will be used initially on selected
rods base-irradiated in the HBWR to burn-ups exceeding 40 MHd/kg U02.

- Fission gas release determined from PIE rod puncturing agreed very well
with results obtained from in-pile pressure measurements.

Release of volatile fission products is of great importance in fuels
design and performance prediction. The rare gas fission products with their
large yields are the source of the high internal pressure and resultant
high stresses characteristic of fuel rods later in life. Fuel rod mechani-
cal design as well as the ability to withstand anticipated accident conse-
q u e n c e s , e.g., cladding ballooning during a LOCA, depend upon an accurate
knowledge of fission gas release. Release of other volatile fission p r o d u c t s ,
e.g., iodine, provides the inventory of reactant required to drive the stress
corrosion cracking process which is responsible for most fuel failures. Heat
transfer from the fuel to the cladding and fuel temperature distribution
are also strongly affected by fission gas contamination of the fuel rod fill
gas and the resultant decrease in fuel-cladding gap co n d u c t a n c e . These basic
effects are monitored in the HBWR through the use of in-pile pressure trans-
d u c e r s , fuel-rod internal gas flow rigs, and in-fuel t h e r m o c o u p l e s . Results
of in-pile studies are verified by post-irradiation e x a m i n a t i o n .

HEAT TRANSPORT IN FUELS

MAJOR RESULTS

- fuel centre temperature measurements in high density, small gap fuel
showed small irradiation effect on fuel thermal conductivity at burn-
ups to 30 MWd/kg UO2, see Figure 3.

- Post-irradiation recalibration of refractory metal thermocouples
yielded consistent, credible data which was used to derive an empiri-
cal function for correcting data from high burn-up experiments, see
Figure 4.

- A major effort was expended on analysis and modelling of fuel rod
thermal behaviour under transient conditions.

- Thermocouple time constants were 'measured for environments of practical
interest using noise analysis techniques.

- Repeated measurements of effects of argon and xenon contamination of
the fuel-cladding gap gas showed large effects which are consistent
with theoretical expectations.

All mechanisms and processes which relate to fuel performance are
temperature dependent. Accurate characterization of heat transfer and tem-
perature distribution in the fuel-cladding system is thus necessary before
any of the other processes which influence fuels safety or reliability can
be quantitatively defined. In-fuel thermocouples provide the bulk of the
Halden data base on fuel heat transfer. Hundreds of these instruments have
been used in the HBWR to investigate a wide variety of fuel design and per-
formance variables. Recent experimental innovations, e.g., the fuel rod
internal gas flow rig, power ramping rigs, flow starvation rigs, etc., have
allowed measurements of on-line dynamic temperature responses and permit a
more integrated comparison of temperature responses to changes in other fuel
system parameters. It is expected that tests in the HBWR will continue to
yield either direct or indirect fuels heat transfer data for the indefinite
future.
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Fig* 3, Measured centre temperatures during start-up and
at 28 MWd/kgUÜ2 in an un-pressurized 75 (tin gap rod
operating at moderate temperatures ('K. 1350°C). Note
negligible change in fuel temperature, i.e. thermal conduc-
tivity even at these high burn-ups and low fuel tempera-
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Fig. 4. Decalibration of refractory metal thermocouples
during irradiation as determined from post-irradiation
re calibration. All data are from thermocouples which
showed normal behaviour throughout life.

SIMULATION OF LWR CONDITIONS

MAJOR RESULTS

- Testing done to date in three pressurized HBWR loops shows good corre-
lation between results obtained under LWR pressure and temperature
conditions and those gathered under normal HBWR conditions.

- A reassessment of HBWR core physics showed the likelihood that by
changing drive core configuration and increasing core power by approxi-
mately onB-third, prototypic power can be obtained in fuel rods with
typical LWR designs and enrichments. Practical implementation of these
observations will greatly increase the utility of the HBWR as a test
reactor in that actual commercial fuels - both fresh and irradiated -
can be tested at design power levels.

Coolant pressure and temperatures in the HBWR are lower than those
typical of commercial LWR's. To compensate these differences, three inde-
pendent, selfcontained, pressurized loops were installed in the HBWR core.
Conditions in these loops can be adjusted to closely approximate design
conditions in current LWR cores.
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LOSS-OF-COOLANT (LOCA) EFFECTS ON FUEL INTEGRITY

MAJOR RESULTS

- Hydraulic characteristics of the fuel rod interior with respect to
axial gas flow were established using two in-pile gas flow rigs. This
information is needed to establish LOCA effects on cladding strain.
During a LOCA, the rate at which the cladding can expand at the
hottest region of a fuel bundle may be limited by the rate at which
the gas in the fuel rods flows to this region. The experiments showed
that, at the beginning of life, the internal flow path is equivalent
to the annulus defined by the design dimensions of the fuel and clad-
ding. The first rise to power throttled the flow by about 15 %. Addi-
tional early-in-life flow area reduction occurred until the at-power
flow path becomes effectively plugged, see Figure 5.

- Twelve experiments were performed in the in-pile, nuclear-driven LOCA
simulation rig. These tests measured fuel cladding temperature response
to each of the phases of a LOCA, i.e., blow-down, during which the
coolant is expelled from the heated fuel zone ; heat-up of the fuel
following blow-down ; and reflood of the heated fuel region by emer-
gency cooling water. The results define the temperature response of the
cladding to these events and provide a basis for estimating whether or
not electric simulators are representative of nuclear rods in LOCA
transients.

- One fuel rod was pressurized and tested to failure in the LOCA simula-
tion rig. Negligible plastic strain was observed in the failure zone
perhaps because of the mechanical perturbation effects of thermocouples
embedded in the cladding, see Figure 6.

- Feasibility studies for in-pile tests designed to simulate ultimate
cladding deformation during a LOCA were done. The results showed such
tests to be feasible in the HBWR, and a series of such tests is planned.

5 10 15 20 25
LINEAR HEAT RATING! kW/m)

Fig. 5. Typical change in fuel rod internal flow path
characteristics during first power cycle. Prior to start-
up, the cross section for gas flow is accurately represented
by design dimensions of fuel and cladding.

Fig. 6. LOCA simulation pressun'-temperature history.
This rod was a PWR design and ruptured 265 seconds
after initiation of the transient
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The loss-of-coolant accident (LOCA) haying potential to severely
damage LWR fuels, has been extensively studied, primarily by means of out-
of-pile tests making use of electric simulators. During a LOCA, the fuel
may heat sufficiently to allow plastic expansion of the cladding in response
to the pressurized gas within the rods. The extent of this expansion and
its effect on core hydraulics during quenching by emergency core coolant
is central to the most basic concerns over reactor safety. These questions
are addressed in the HBWR using in-pile loops which simulate the sequence
of events which would occur during a LOCA while measuring temperature
changes in the cladding. The primary objective is to compare the thermal
response of nuclear rods and electric simulators. The rigs contain seven
rods in a hexagonal-centre-pin array. Dimensions are representative of a
PWR, and the active heated length is 1500 mm. Each rig contains 28 clad-
ding thermocouples, 24 of which (0 = .25 mm) are positionad in grooves in
the cladding inner surface. The remaining four thermocouples ( 0 = 1 mm)
were welded to the cladding outer surface.

Through 1981, 36 test sequences were performed. Variables in these
tests were linear power, reflood time, and reflood rate :

Average linear heat rate (ALHR) : 10-30 W/cm (axial peaking

factor : 1.27),

Time to Reflood : 44-113 sec,

Reflood Rate : 2-11 cm/sec,

Peak cladding temperature ranged up to 830°C.

Tests can be performed using either nuclear heated rods or electrical
heaters of the type used for large-scale, electrically driven LOCA simu-
lations at other sites, e.g., SEMI-SCALE and REBEKA heaters. The electrical-
ly heated rods are included in the HBWR test matrix in order to correlate
their performance with nuclear heated rods under identical conditions. Good
results have been obtained this far in nuclear heated tests. Electrical
heaters failed, prematurely and delays in obtaining replacements caused
postponement of experiments which require their use.

FUEL PERFORMANCE EVALUATION AND MODELLING

MAJOR RESULTS

- The Fuel Data Management System (FDMS) was implemented and several
data sets were transferred to member organizations.

- Temperature distribution data from twelve rods in the thermocouple
decalibration rig and assorted data from twelve power-ramped rods
were produced in standard format, i.e., design specification, in-pile
data, and PIE data, and placed in the FDMS.

- Co-operation continued with Signatory organizations in various areas
of fuel performance code development and verification. FEMAXI code
development was supported by HBWR data, and verification of a transient
version of the code will be done using flow starvation data from Halden
tests. A best estimate version of the GAPCON-TSERHAL-2 code was devel-
oped and verified against HBWR data, and verification of GAPCON-
THERMAL-3 is in progress.

- The FRAP-T and CANSWELL codes were used for test planning and scoping,
and the SIROD code was used for evaluating fission gas release data in
co-operation with participating organizations.
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- A Round Robin exercise in which six member organizations used their
codes to compute results from four experimental test cases involving
fourteen rods was performed. This proved to be a useful exercise, and
a similar one will be performed in 1982.

Fuel rod modelling represents the final analysis of experimental data
presenting them in a form which allows their convenient and proper use for
design and performance prediction.

Fuel rod performance prediction and design requires that individual
aspects of fuels behaviour, as studied in specialized experiments and in-
pile rigs, be integrated into generalized analytical models. These are, in
turn, linked to overall core models and core surveillance studies to provide
the tools needed to understand and improve fuel reliability on spatial and
statistical bases throughout the core.
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Part II

PROCESS COMPUTER APPLICATIONS IN REACTOR SURVEILLANCE
AND CONTROL



BACKGROUND

The most important lessons learned from the Three Mile Island accident
(ref. NUREG-0585) fall in the area of operational safety. Insufficient
attention had been paid by all responsible levels to the operator and his
fundamental role in both the prevention of accidents and the response to
accidents. This has emphasized that enhancement of operator performance
deserves the utmost attention in the years to come.

One 1ine in the .development of control rooms has been to add more
information into the control room through an increase of annunciators,
instruments and panels, and through an extension of operational procedures.
This has made it increasingly difficult for the operator to perform his
task of merging and interpreting the information available from these
sources.

The general objective of the Halden Project's programme is to exploit
the capabilities of modern process computer technology through supplementing
today's control rooms with computer-based operator aids so as to improve
the operator's performance and in particular his ability to respond to
emergency situations.

The design of control room systems for nuclear power reactors requires
co-ordination of a broad spectrum of technical tasks in addition to the
overriding human engineering aspects to achieve an optimal interplay between
the operator and the technical systems. It is further important to bear in
mind that the operator has the formidable task of merging the information
available from sensors and instruments with those from sources like admin-
istrative procedures, operational manuals, and reports on current plant
maintenance status.

Hence, since all information sectors have to be properly interfaced to
the operator, it is necessary to pay due attention to all sectors of the
total information complex in the development of the specific surveillance,
diagnostic, and guidance systems. Competence and experience in a wide
spectrum of disciplines, ranging from computer hardware and software, man-
process interfaces, and information presentation on one side, and human
factors on the other, is a prerequisite for achieving this.

The programme on process computer applications at the Halden Project
has as its major basis :

. The practical engineering experience obtained from the experimental
operation of the Halden Reactor, including continuous activities in
design, production and operation of data supervision and acquisition
systems. This experience covers most of the operational aspects which
are involved in the development and practical application of process
computer-based systems.

. The know-how accumulated within the Project staff since the research
efforts in this area started at the Project in 1967 and which have
included the development of a number of process computer based systems
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fox operator-process communication and plant surveillance, and in
recent years human factors research as well.

. The extensive experimental facilities in the Project's computer
laboratories which include advanced operator communication equipment
as well as plant and core simulators in addition to the process com-
puter systems.

. And, as possibly the most important asset, the close technical co-
operation established through the 15 years of internationally sponsored
development work, with licensing and research organizations, and util-
ities and vendors in the 11 countries participating in the Project.

Substantial improvements in operator performance can be obtained
through a multitude of control room improvements, ranging from the intro-
duction of computer assisted decision aids which rationalize and improve
the quality of the information flow to the operator, to changes in control
room staff organization and operators'task responsibilities.

On this background and accounting for the specific needs of the Project
participants, the research efforts at the Project are concentrated in two
fields : 1) the development and validation of computer-based operator aids
for diagnosis of core and plant status, including alarm handling, distur-
bance analysis, and core surveillance systems, and 2) general human factors
experiments in the Project's Man-Machine Systems Laboratory, followed-up
by field studies at nuclear power plants, on the basis of which guidelines
and recommendations for control room layout and design of operator-process
interfaces enhancing the operator's performance, are formulated.

ALARM HANDLING

MAJOR RESULTS

- A detailed concept was developed for a computerized alarm handling
system for nuclear power plant applications.

- A novel technique was developed to present process operating states
as well as the alarm status on a single cathode ray tube (CRT) display.
The method provides a means for effective utilization of the operator's
pattern recognition capabilities.

- Two application projects were carried out - one at the experimental
facility in Halden and one at the Finnish BPfR plant TVO-1. In certain
situations, HALO - the Halden method for Handling of Alarms using
Logic - could reduce the number of irrelevant alarms by a factor 10.

- A small scale demonstration system was developed and connected to the
simulator in the experimental facility in Halden.

- Some important functions of tne off-line system (HALOGEN), e.g., the
alarm expression compiler, were developed and implemented.

The first candidate approach for a computer-based alarm handling system
was sent to cognizant Signatory organizations for comments at the end of
1980. This proposed that combinations of several process signals be used to
form each alarm. In this way, the alarms could be related to the state of
the entire process and the number of irrelevant alarms would be reduced.
The system also included a proposal for an overview presentation on a single
CRT display.
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Based on comments received from 17 organizations in 6 countries, a
report describing the essential features of the system was prepared and
sent in advance to the participants of a HPG workshop on alarm handling in
February. Twenty-six organizations in 10 countries were represented at this
meeting. Based on the recommendation of the workshop for continued work on
alarm handling, further study was undertaken on the relationship between
the alarm handling system and other systems in the control room and on
developing software systems to facilitate the implementation and mainte-
nance of an alarm handling system (off-line tools). Application oriented
research was performed on a BWR power plant in Finland and on the PWR
simulator in Halden. These studies showed that the proposed method for
Handling of Alarms using Logic (HALO) could reduce irrelevant alarms sub-
stantially. Also a demonstration system for the display principles was
developed in the Halden laboratories.

The alarm handling system was greeted with interest by the Halden
Programme Group in June, and a special committee was established to recom-
mend further work. The committee had a meeting in September and encouraged
further research effort in this area.

During 1981 a software specification for the HALO system was prepared
and the generally applicable theoretical principles as well as a hardware
solutions are being documented.

COMPUTER-BASED OPERATION MANUALS

MAJOR RESULTS

- A computerized system reflecting the safety-related technical regula-
tions of the FOBSMARK-1 plant was implemented as a pilot installation
at Forsmark.

- The information processing part of the system has proved to be very
satisfactory and valuable operational experience was obtained.

- Needed improvements in the procedures for input to the system were
identified.

Computer-based operation manuals offer the possibility of guiding the
operator in the selection of procedures which apply to the current plant
situation, and for aiding him in his analysis. The potential of such sys-
tems was investigated with special emphasis on manuals concerning technical
safety regulations. The function of the system is to interpret.the technical
safety regulations on the basis of the operability status of the components
of the safety system and to inform the operator concerning operation re-
strictions and test requirements. The installation project was developed
as a joint effort by the Halden Project, ÖFZS, Austria, and Studsvik
Energiteknik AB and ASEA-ATOM, Sweden.

CORE SURVEILLANCE AND CONTROL (SCORPIO)

MAJOR RESULTS

- The data base, which features a large storage capacity and fast access,
finished and operated satisfactorily.
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- The PUR core simulator CYGNUS was developed and tested as a stand-
alone code. Automatic generation of time step lengths during xenon
transients is a useful feature in this code - especially for on-line
application.

- SCORPIO, including the simulator, was transferred to the ND 100/500.
This computer is typical of minicomputers used in core surveillance
systems.

- Use of array computers as alternatives to mini-computers for the
largest computational tasks was investigated.

- Attempts to increase the speed of the core simulator on ND 100/500
were successful. A typical computation time is 7 sec/time step with
1280 nodes.

- Fast picture display is a requirement for the system in the control
room. Both the communication system and the data base responded with
adequate speed to operator requests.

- Fully graphic displays as alternatives to the present, semigraphic
system were found to be necessary for display of specific picture
types, especially trend curves. A graphic system will be installed
in 1982.

- Delivery of SCORPIO, as developed to December 1981, was made to GRS,
Germany.

- Modularity of SCORPIO was demonstrated. Transient data from three
different simulators were transferred to the data base and displayed.

- The Multilevel Core Control System, MCCS, developed by GRS in Germany
was modified and implemented on NORD computers.

The core surveillance system, SCORPIO, was further developed during
1981, with the goal of demonstrating a first prototype at the Halden com-
puter laboratory by mid-1982. This activity is motivated by the need by
power utilities for better scrutiny of the reactor core, especially with
respect to detailed, three dimensional power distributions and related
operational and safety margins. The benefits of an improved core surveil-
lance system are twofold : 1) safety is improved through a more accurate
knowledge of the core state and 2) more flexible and economical operation
of the plant may be attained. The hierarchical structure of the MCCS makes
it well suited for on-line applications.

THE ROLE OF THE OPERATING CREW

MAJOR RESULTS

- A case study was carried out on a representative commercial nuclear
power plant to define the control room crew's tasks. The study forms
a basis for analysing technical and organizational aspects of the
operating crew's role.

- A methodology was developed for defining the level of automation in
a process to establish a scale for classification purposes. This is
crucial in evaluating the impact of automation on the operating crew's
role in the process.
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Nuclear power production involves a human element as a part of the
overall control system. The role of the operating crew is expected to
change significantly as increased automation of the control system is in-
troduced. To successfully implement new automatic controls and advanced
process information and control systems, the current role of the operating
crew must be understood.

System safety, availability, and economics are dependent upon the
competence and motivation of the operating crew. The operator's role will
evolve from active intervention in the process to monitoring and planning
the implicit requirement that, in off-normal situations, the operator may
be relied upon to actively intervene. Intelligent and successful implemen-
tation of automatic and advanced systems requires that the role of the
operators be well defined and that a suitable mix of passive (monitoring)
and active (intervening) responsibilities be maintained.

OPERATOR PERFORMANCE

MAJOR RESULTS

- Experiments were performed in an experimental control room to study
operator performance in control and supervision of complex processes.

- Both field studies and laboratory experiments showed that use of
computer-based displays for man-process communication can be readily
mastered and accepted by operators.

- The individual operator's capability to successfully control a proces*
seems to be primarily dependent on his ability to form an adequate
mental model of the process. This ability seems only partly dependent
on the level of formal education.

- Several man-process display presentation formats have been studied
and the application of the formats evaluated. Trend plots and. mimic
diagrams with alphanumeric information were preferred over bar charts.

The ultimate safety barrier in a complex process is the operating
crew. Their combined and individual action (or inaction) can significantly
affect the process operation, particularly in emergency situations. Ques-
tions which arise include : When must an operator make a decision ? How
does he make a decision ? What information does be use/need ? Where and
how does he get the information ? In essence, how does the human part of
the process perform ? Understanding of the operator's performance will
enable development of methods, equipment, and procedures for improving it.
Experience in the last few years has shown that improving the operator's
ability to perform positively will result in significantly safer and more
efficient process operation.

VALIDATION OF OPERATOR AIDS

MAJOR RESULTS

- A general approach for defining measurable objectives and developing
experiment designs for experimental validation of operator aid systems
was developed.
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- A design for experimental validation of a specific operator aid system
was formulated.

Improvement in operator performance is the objective of the various
systems being developed to aid process control operators. Unfortunately,
few criteria exist for establishing the value of a system designed to meet
such an objective. During the design and implementation phases of a system,
a continuing evaluation process is active to assure that the system will
improve the operator performance. The final step in this evaluation process
is the validation of the system. Validation determines whether or not the
system, as implemented, results in the intended outcome, i.e., is the
operator's performance improved ? The only way to unequivocally answer this
question is to measure real operators' performance in the actual process
control room situation. Since this is generally not possible, real life
must be simulated as accurately as possible and the system validated in an
experimental environment, hence the term "experimental validation".

Experimental validation of operator aids is relatively new ; there are
no standard or proven experimental methods or designs which can be applied.
Simulated environments characteristic of nuclear systems are uncommon and
expensive. A generalized approach to performing experimental validation
studies is needed. This approach should conbine the statistical rigor
common to experiments on machines or materials with the more subjective and
uncontrollable aspects introduced when human subjects are involved.

The development of a general approach for defining exact and measurable
objectives for operator aid systems and the criteria with which to measure
these objectives has been initiated. Concurrently, a design for experimental
validation of a specific commercial operator aid was developed. This paral-
lelism provided a feedback system in which the general approach to experi-
ment design was applied to the specific system and the questions raised by
specific application fed back for refinement of the general approach. The
result is expected to be a well designed specific experimental validation
and a proven experimental approach which can be applied to experimental
validation in general.

RETROFITTING

MAJOR RESULTS

- In connection with retrofitting of the Ringhals nuclear power plant
control room with a computer-based information display system, an
analysis was performed of the location of colour graphic displays in
the central control room, with smphasis on human factors aspects.

- A study was performed of the number and location of colour graphic
displays in the central control room with emphasis on human factors
aspects of the installation.

Significant advances are being made in control room design, information
display, automated control, and disturbance analysis systems. Retrofitting
is an option for existing nuclear power plants to exploit these advances.
Retrofitting a conventional control room with a computer-based system
involves considerations of information structuring, picture layout, system
reliability, redundancy, operator training, space, lighting and maintenance,
all of which must be evaluated on a plant-by-plant basis. Such evaluations
can be streamlined and accuracy assured if general guidelines covering the
various considerations exist. The development of such guidelines derives
from detailed consideration of problems involved and accumulated practical
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experience. These are being actively combined to form a basis for guide-
lines which can be generally applied to retrofitting.

PROCESS SIMULATORS

MAJOR RESULTS

- The STUDS-24 compact PWR simulator was extended with an auxiliary
feedwater system and improved in its model description to allow a
wider range of operation.

- A malfunction sequencer programme was developed and added to the
simulator to obtain better control of experimental conditions.

- A survey of broad scale simulators used in the nuclear power industry
was conducted.

- An agreement on transfer of a full scope training simulator software
package to the Project was reached with Nokia/IVO in Finland.

- The UNISYSTEM, a software development tool, has been implemented on
NORD computers.

The original STUDS compact PWR simulator was extended and improved,
making it a useful tool for human factors experiments and demonstration
purposes. The malfunction sequencer programmes added to the simulator can
insert malfunctions according to any preset sequence. This enables the
experimenter to reproduce the same experimental conditions and gives him
more time to observe the operators.

The need for a more representative and versatile model of a nuclear
plant control room occasioned a search for a larger simulator. A survey of
simulators used in the nuclear power industry was carried out. The goal
was to find a broad scale simulator of recent make which could serve as a
basis for the future extended control room test facility at Halden. An
agreement was reached with Nokia/IVO in Finland to transfer an amended
version of their nuclear power plant simulator. The software for this simu-
lator was made with the aid of UNISYSTEM which will simplify the transfer
and also provide Halden with the means for easy exchange of modules. The
simulator software to be implemented at Halden will reproduce the features
of a PWR plant. Since the original software provides the background for a
full scope training simulator, the simulator named NORS will be capable of
imitating a real plant in great detail.

Complete documentation and strict adherence to programming procedures
are necessary to keep the programme reliable and flexible. The use of soft-
ware tools which make it easier to maintain and develop large software
structures is becoming increasingly important. The Project has secured the
right to use UNISYSTEM, a software development package specially designed
to aid in constructing large-scale, engineering application programmes.

COMPUTER STRUCTURES

MAJOR RESULTS

- Data communication strategies were extensively investigated and process
interface configurations proposed.
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- Fully graphic colour display controllers were specified and evaluated,
and a system to be used in prototype development was selected.

- A micro-processor-based system for use of touch sensitive screens in
operator-process interfaces was specified.

- An operator communication system for KEMA, the Netherlands, based upon
HP's own development was developed and will be installed during 1982
at the Dodewaard reactor.

The work on computer structures was centered around the development
and use of a modular, integrated computer network which will satisfy com-
putational requirements of the new simulator-based control room experimental
test facility. This network will handle data communication, data storage
and retrieval, and man-machine communication. Operator stations are being
defined as an intelligent node in the network with fully graphic display
capabilities and operator keyboards are based on dynamic plant status dis-
plays.

In co-operation with KEMA, an operator communication system was devel-
oped and installed in Arnhem for use in plant simulator development and
operator training. In 1982, this system will be connected to the Dodewaard
plant process computer to allow for supervision of real plant data.

SOFTWARE RELIABILITY

MAJOR RESULTS

- A formal specification language, the X-language, was defined.

- A conversational programme, SPEX, for assistance in the specification
process was developed.

- X-SPEX were applied to test examples to study the applicability of x
and SPEX and to determine the semantics of the X-language.

The work on software reliability concentrated on the specification
language, X, which is being developed in co-operation with VTT in Finland.
This language is an entity relationship language for stimulus-response type
specifications. A preliminary version of the X-language was defined in 1979,
and during 1980 it was applied to various test cases. The experience gained
by this work showed a need for a substantial modification of the language,
and such a modification was performed.

To support the use of the X-language, a computer programme, SPEX, is
being developed. It is a conversational programme which is used for inter-
action input of the various elements of the specification. The SPEX pro-
gramme performs various kinds of analyses on the specification and also
produces a specification document. The work concentrated on improving the
interaction capabilities of SPEX and on developing a syntax analyzer.

The application of X-SPEX on test examples, including a majority
voting system, a valve driver, and an alarm analysis system, was continued.
The goal of this effort was to investigate the applicability of X and SPEX
and to determine the semantics of the X-language.
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Part III

ADMINISTRATION AND FINANCE



INTRODUCTION

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

HALDEN BOARD OF MANAGEMENT

The Halden Board of Management is the governing body of the Project.
The Board met on two occasions during the period under review, in Vienna
on 26th June and in Paris on 10th December, 1981.

The Board was composed of the following representatives :

Forschungszentrum Seibersdorf Gem.m.b.H.,
Austria

Central Electricity Generating Board,
United Kingdom

Danish Ministry of Energy

Ministry of Trade and Industry, Finland

Bundesministerium fiir Forschung und
Technologie, Federal Republic of Germany

Comitato Nazionale per l'Energia Nucleare,
Italy

Japan Atomic Energy Research Institute

Netherlands Energy Research Foundation

Institutt for Energiteknikk, Norway

Studsvik Energiteknik AB, Sweden

United States Nuclear Regulatory
Commission

OECD Nuclear Energy Agency (in an advisory
capacity)

Combustion Engineering, Inc.)
USA )

) Associated
] Parties

Electric Power Research )
Institute, USA )

Mr.
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Mr.
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Mr.

Dr.

Dr.
Mr.
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. Binner (Chairman)

.C. Masters (Vice-Chairn

. Möller-Madsen

. Makipentti _

. Lummerzheim

. Pedretti

. Ichikawa

,A. Goedkoop

.0. Eriksen

. Nilson

.E. Murley

.G.K. Williams

. Chernock-;

.S. Armijo

. Levenson/Dr. J. Taylor

General Electric Co., USA
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HALDEN PROGRAMME GROUP

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, in Bethesda, USA
on 17th March, in Hankö, Norway on 17th June, in Halden, Norway on 22nd-
23rd October, and in Copenhagen on 8th December, 1981.

In connection with the Hankö meeting, Enlarged Meetings on Process
Computer Applications and Water Reactor Fuel Performance were respectively
convened at Fredrikstad and Hankö with participation of about 160 represen-
tatives from the Project's member organizations.
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The Programme Group was composed of the following representatives :

W.V. Johnston (Chairman)

Mr. H. Roggenbauer (Vice-Chairman)
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Mr. H. Mogard
Mr. P.E. Blomberg
Dr. J.S. Waddington

Mr. S. Aas
Mr. K.O. Solberg
Mr. R. Duncan

Dr. J.S. Armijo
Dr. J.T.A. Roberts

Dr. M. Stephens/Mr. D. Bessette
(Secretaries)

United States Nuclear Regulatory
Commission

Forschungszentrum Seibersdorf Ges.m.b.H.
Austria
Risö National Laboratory, Denmark
Technical Research Centre of Finland

Kernforschungsanlage Jiilich, GmbH,
Federal Republic of Germany
Gesellschaft für Kernenergieverwertung
in Schiffbau und Schiffahrt, mbH,
Federal Republic of Germany

Comitato Nazionale per 1'Energia
Nucleare, Italy
Japan Atomic Energy Research Institute
Netherlands Energy Research Foundation

Studsvik Energiteknik AB, Sweden
Studsvik Energiteknik AB, Sweden
Central Electricity Generating Board,
United Kingdom

Institutt for Energiteknikk,
Institutt for Energiteknikk,
Combustion Engineering, Inc.
USA

General Electric Co., USA
Electric Power Research
Institute, USA
OECD Nuclear Energy Agency

Norway
Norway
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RELATIONS WITH THE OECD NUCLEAR ENERGY AGENCY

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

RELATIONS WITH THE INSTITUTT FOR ENERGITEKNIKK

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 Ehergiteknikk has been made responsible for carrying out all
legal acts on behalf of the Signatories.

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

SAFEGUARDS

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

FINANCE

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

Actual expenditures during 1981 are given in Table IV.2.
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Table IV.1

FINANCIAL CONTRIBUTIONS FOR THE PERIOD 1979-1981
All amounts in N.kr.

Contributions from Signatories

The Norwegian Institutt for Energiteknikk
The Austrian Studiengesellschaft fiir Atomenergie Ges.m.b.H.
The Danish Ministry of Energy
The Finnish Ministry of Trade and Industry
Kernforschungsanlage Jlilich GmbH, Federal Republic of Germany
The Italian Comitato Nazionale per l'Energia Nucleare
The Japan Atomic Energy Research Institute
The Netherlands Energy Research Foundation
Studsvik Energiteknik AB, Sweden
The Central Electricity Generating Board, United Kingdom
The United States Nuclear Regulatory Commission

Total Contributions from Signatories
Contributions from Associated Parties

TOTAL CONTRIBUTIONS

Amounts

38,900,000
3,800,000
3,800,000
3,800,000
9,600,000
6,400,000
6,900,000
3,800,000
6,900,000
3,800,000
9,200,000

96,900,000
9,600,000

106,500,000

Table IV.2

EXPENDITURES FOR 1981 IN 1000 N.kr.

Budget Item

SALARIES

Reactor Staff
Research and Development Staff
Overhead Staff

REACTOR OPERATIONS COSTS
General Operating Costs
Atomic Insurance
Experimental Programme Costs

RESEARCH AND EXPERIMENTAL EQUIPMENT

Fuel Exp. Design & Fabrication
Modelling and Computer Applications

OVERHEADS
Office Renting & Keeping
Communication, Transport, Reporting, etc.

RESERVES

TOTAL

Budget

27,300

11,000
12,900
3,400

5,300

4,300
700
300

3,900
2,300
1,600

3,643
1,843
1,800

200

40,343

Actual Expenditures

26,146

10,461
12,661
3,024

5,553
4,722

634
197

4,806

3,333
1,473

3,609
1,800
1,809

40,114
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STAFF

A total staff of 184 were employed at the Project as of 31st December,
1981. The university graduate staff totalled 50, of whom 11 were non-
Norwegian. Most of the Project participating organizations had staff at-
tached to the Project during the year. Foreign staff are seconded mostly
for periods of 18-30 months through the organizations participating in the
Halden Programme, and are integrated into the personnel structure of the
Project.

PUBLICATIONS

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

During the year sixty technical reports were issued. Four of these were
reports containing papers from the two enlarged HPG meetings on Water
Reactor Fuel Performance, and Process Computers Applications. Three papers
were presented at different conferences and seminars, and subsequently
published in the open literature :

- Transactions of the American Nuclear Society, Miami Beach, Florida,
June 6-11, 1981 :
"Overpower Transient Calculations with the GAPCON-THERMAL-3 Fuel
Performance Code", by E.K. Seppa, L. Mattila, K.O. Vilpponen.

- Topical Meeting on Reactor Safety Aspects of Fuel Behavior, Sun Valley,
Idaho, August 2-6, 1981 i
"Analysis of Fast O v e r p o w e r T r a n s i e n t s and Related Fuel Rod Failures
with G A P C O N - T H E R M A L - 3 C o d e " , by E.K. Sepp a , L. M a t t i l a , K .O. V i l p p o n e n .

- nuclear Engineering and Design 67 (1981), pp. 297-3O4 :
"Implementation of an Automated Status Analysis System in an Operating
Nuclear Power Plant", by J. Christenson, T. Graae, H. Roggenbauer.
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SOME NEW PUBLICATIONS OF NEA

QUELQUES NOUVELLES PUBLICATIONS DE L'AEN
ACTIVITY
REPORTS

RAPPORTS
D'ACTIVITÉ

Activity Reports of the OECD Nuclear
Energy Agency (NEA)
- 9th Activity Report (1980)
- 10th Activity Report (1981)

Rapports d'activité de l'Agence de I'OCDE
pour l'Énergie Nucléaire (AEN)
- 9s Rapport d'Activité (1980)
- 10° Rapport d'Activité (1981)

Free on request - Gratuits sur demande

Annual Reports of the OECO HALDEN Rapports annuels du Projet OCDE de réac-
Reactor Project teur de HALDEN
- 21th Annual Report (1980) - 21» Rapport annuel (1980)
- 22nd Annual Report (1981) - 22e Rapport annuel (1981)

Free on request - Gratuits sur demande

INFORMATION BROCHURES BROCHURES CONFORMATION

OECD Nuclear Energy Agency:
Functions and Main Activities

NEA at a Glance
International Co-operation for Safe
Nuclear Power
The NEA Data Bank

I'OCDE pour l'Énergie
Röle et principales

— Agence de
Nucléaire :
activités

— Coup d'oeil sur I'AEN
— Une cooperation internationale pour

une energie nucléaire sure
— La Banque de Données de I'AEN

Free on request - Gratuits sur demande

NUCLEAR ENERGY PROSPECTS

Nuclear Energy Prospects to 2000
(A joint Report by NEA/IEA)

£7.00

PERSPECTIVES DE L'ÉNERGIE
NUCLÉAIRE

Perspectives de l'Énergie Nucléaire jusqu'en
2000
(Rapport conjoint AEN/AIE)

US$14.00 F70,00



SCIENTIFIC AND PUBLICATIONS
TECHNICAL SCIENTIFIQUES
PUBLICATIONS ET TECHNIQUES

NUCLEAR FUEL CYCLE LE CYCLE DU COMBUSTIBLE
NUCLÉAIRE

World Uranium Potential - Potentiel mondial en uranium -
An International Evaluation (1978) Une evaluation internationale (1978)

£7.80 US$16.00 F64.00

Uranium - Ressources, Production and Uranium — ressources, production et
Demand (1982) demande (1982)

£9.90 US$22.00 F99.00

Nuclear Energy and Its Fuel Cycle: L'énergie nucléaire et son cycle de combus-
Prospects to 2025 tible : perspectives jusqu'en 2025

£11.00 US$24.00 F 110,00

Dry Storage of Spent Fuel Elements Stockage a sec des elements combustibles
(Proceedings of an NEA Specialist Work- irradiés
shop, Madrid, 1982) (Compte rendu d'une reunion de specia-

listes de I'AEN, Madrid, 1982).

£ 8.50 US$ 17.00 F85,00

Uranium Explorat ion Methods — Les methodes de prospection de l'ura-
Review of the NEA/IAEA R & D Pro- nium - Examen du programme AEN/AIEA
gramme de R & D
(Proceedings of the Paris Symposium, (Compte rendu du symposium de Paris,
1982) 1982)

£ 2 4 . 0 0 U S $ 4 8 . 0 0 F 2 4 0 , 0 0

SCIENTIFIC INFORMATION INFORMATION SCIENTIFIQUE

Calculation of 3-Dimensional Rating Distri- Calcul des distributions tridimensionnelles
butions in Operating Reactors de densité de puissance dans les reacteurs
(Proceedings of the Paris Specialists' Meet- en cours d'exploitation (Compte rendu de la
ing, 1979) Reunion de specialistes de Paris, 1979)

£9.60 US$21.50 F86.00

Nuclear Data and Benchmarks for Reactor Données nucléaires et experiences repères
Shielding en matière de protection des reacteurs
(Proceedings of a Specialists' Meeting, (Compte rendu d'une reunion de spécialis-
Pans, 1980) tes. Paris, 1980)

£9.60 US$24.00 F96.00



RADIATION PROTECTION RADIOPROTECTION

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

£3.40 US$7.00 F28.00

Recommendations for lonization Chamber Recommandations relatives aux dé tec-
Smoke Detectors in Implementation of teurs de fumée è chambre d'ionisation en
Radiation Protection Standards (1977) application des normes de radioprotec-

tion(1977)

Free on request - Gratuit sur demande

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

C8.00 US$16.50 F66.00

Management, Stabilisation and Environ- Gestion, stabilisation et incidence sur l'en-
mental Impact of Uranium Mill Tailings vironnement des résidus de traitement de
(Proceedings of the Albuquerque Seminar, I'uranium
United States, 1978) (Compte rendu du Séminaire d'Albuquer-

que, Etats-Unis, 1978)

£9.80 US$20.00 F80.00

Exposure to Radiation from the Natural Exposition aux rayonnements due è la ra-
Radioactivity in Building Materials dioactivité naturelle des matériaux de
(Report by an NEA Group of Experts, construction
1979) (Rapport établi par un Groupe d'experts

del'AEN, 1979)
Free on request — Gratuit sur demande

Marine Radioecology Radioécologie marine
(Proceedings of the Tokyo Seminar, (Compte rendu du Colloque de Tokyo,
1979) 1979)

£9.60 US$21.50 F86.00

Radiological Significance and Importance radiologique et gestion des
Management of Tritium, Carbon-14, radionucléides : tritium, carbone-14,
Krypton-85 and lodine-129 arising krypton-85 et iode-129, produits au cours
from the Nuclear Fuel Cycle du cycle du combustible nucléaire
(Report by an NEA Group of Experts, (Rapport établi par un Groupe d'experts
1980) del'AEN, 1980)

£8.40 US$19.00 F76.OO

The Environmental and Biological Behaviour Le comportement mésologique et biologi-
of Plutonium and Some Other Transuranium que du plutonium et de certains autres
Elements (Report by an NEA Group of elements transuraniens (Rapport établi par
Experts, 1981) un Groupe d'experts de I'AEN, 1981)

£4.60 US$10.00 F46.00

Uranium Mill Tailings Management La gestion des résidus de traitement de
(Proceedings of two Workshops) I'uranium
(in preparation) (Compte rendu de deux reunions de

travail) (en preparation)

£7.20 US$16.00 F72.00



I

RADIOACTIVE WASTE MANAGEMENT GESTION DES DÉCHETS RADIOACTIFS

Objectives, Concepts and Strategies for Objectifs, concepts et strategies en ma-
the Management of Radioactive Waste tière de gestion des déchets radioactifs ré-
Arising from Nuclear Power Programmes sultant des programmes nucléaires de
(Report by an NEA Group of Experts, puissance
1977) (Rapport établi par un Groupe d'experts

del'AEN, 1977)

£8.50 US$17.50 F 70,00

Treatment, Conditioning and Storage of Traitement, conditionnement et stockage
Solid Alpha-Bearing Waste and Cladding des déchets solides alpha et des coques
Hulls dedégainage
(Proceedings of the N E A/IAEA Technical (Compte rendu du Séminaire technique
Seminar, Paris, 1977) AEN/AIEA, Paris, 1977)

£7.30 US$15.00 F60.00

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

£7.30 US$15.00 F60.00

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

£8.00 US$16.50 F66.00

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

£8.30 US$17.00 F68.00

Low-Flow, Low-Permeability Measure- Mesures des faibles écoulements et des
merits in Largely Impermeable Rocks faibles perméabilités dans des roches re-
(Proceedings of the Paris Workshop, lativement imperméables
1979) (Compte rendu de la reunion de travail de

Paris. 1979)

£7.80 US$16.00 F64.00

On-Site Management of Power Reactor Gestion des déchets en provenance des
Wastes réacteurs de puissance sur Ie site de la
(Proceedings of the Zurich Symposium, centrale
1979) (Compte rendu du Colloque de Zurich, 1979)

£11.00 US$22.50 F90.00

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

Free on request — Gratuit sur demande

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

Free on request — Gratuit sur demande



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

£7.60 US$17.00 F68.00

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

Free on request - Gratuit sur demande

Decommissioning Requirements in the Déclassement des installations
Design of Nuclear Facilities nucleates : exigences è prendre en
(Proceedings of the NEA Specialist compte au stade de la conception
Meeting, Paris, 1980) (Compta rendu d'une reunion de specia-

listes de I'AEN. Paris, 1980)

£7.80 US$17.50 F70.00

Borehole and Shaft Plugging Colmatage des forages et des puits
(Proceedings of the Columbus Workshop, (Compte rendu de la reunion de travail de
United States, 1980) Columbus, États-Unis, 1980)

£12.00 US$30.00 F 120,00

Radionucleide Release Scenarios for Geo- Scenarios de liberation des radionucléides a
logic Repositories partir de depots situés dans les formations
(Proceedings of the Paris Workshop, géologiques
1980) (Compte rendu de la reunion de travail de

Paris, 1980)
£6.00 US$15.00 F60.00

Research and Environmental Surveillance Programme de recherches et de
Programme Related to Sea Disposal of surveillance du milieu lie a I'immersion de
Radioactive Waste (1981) déchets radioactifs en mer (1981)

Free on request — Gratuit sur demande

Cutting Techniques as related to Decom- Techniques de découpe utilisées au cours
missioning of Nuclear Facilities du déclassement d' installations nucléaires
(Report by an NEA Group of Experts, 1981) (Rapport établi par un Groupe d'experts de

I'AEN, 1981)

£3.00 US$7.50 F30.00

Decontamination Methods as related to Methodes de decontamination relatives au
Decommissioning of Nuclear Facilities déclassement des installations nucléaires
(Report by an NEA Group of Experts, 1981) (Rapport établi par un Groupe d'experts de

I'AEN, 1981)

£2.80 US$7.00 F28.00



Siting of Radioactive Waste Repositories in Choix des sites des depots de déchets
Geological Formations radioactifs dans les formations géologi-
(Proceedings of the Paris Workshop, ques
1981) (Compte rendu d'une reunion de travail de

Paris. 1981)
£6.80 USS 15.00 F68.00

Near-Field Phenomena in Geologic Phénomènes en champ proche des depots
Repositories for Radioactive Waste de déchets radioactifs en formations
(Proceedings of the Seattle Workshop, géologiques
United States. 1981) (Compte rendu de la reunion de travail de

Seattle, Etats-Unis, 1981)
£11.00 $24.50 F110,00

Disposal of Radioactive Waste — An Over- Evacuation des déchets radioactifs - un
view of the Principles Involved, 1982 aperpu des principes en vigueur, 1982

Free on request - Gratuit sur demande

Geological Disposal of Radioactive Waste — Evacuation des déchets radioactifs dans les
Research in the OECD Area (1982) formations géologiques— Recherches ef-

fectuées dans les pays de I'OCDE (1982).

Free on request - Gratuit sur demande



SAFETY SORETÉ

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

£17.00 US$35.00 F 140,00

Nuclear Aerosols in Reactor Safety Les aerosols nucléaires dans la sQreté
(A State-of-the-Art Report by a Group of des röacteurs
Experts, 1979) (Rapport sur l'état des connaissances

établi par un Groupe d'Experts, 1979)
£8.30 US$18.75 F 7 5.00

Plate Inspection Programme Programme d'inspection des töles
(Report from the Plate Inspection (Rapport du Comité de Direction sur
Steering Committee — PISC — on the ('inspection des töïes — PISC — sur l'examen
Ultrasonic Examination of Three par ultrasons de trois töles d'essai au moyen
Test Plates), 1980 de la procédure «PISC» basée sur Ie code

ASMEXI), 1980

£3.30 US$7.50 F30.00

Reference Seismic Ground Motions Les mouvements sismiques de reference
in Nuclear Safety Assessments du sol dans revaluation de la sQreté
(A State-of-the-Art Report by a des installations nucléaires
Group of Experts, 1980) (Rapport sur l'état des connaissances

établi par un Groupe d'experts, 1980)

£7.00 US$16.00 F64.00

Nuclear Safety Research in the OECD Area. Les recherches en matière de süreté
The Response to the Three Mile Island nucléaire dans les pays de I'OCDE. L'adap-
Accident (1980) tation des programmes a la suite de I'acci-

dent de Three Mile Island (1980)
£3.20 US$8.00 F32.00

Safety Aspects of Fuel Behaviour in Off- Considerations de sureté relatives au corn-
Normal and Accident Conditions portement du combustible dans des condi-
(Proceedings of the Specialist Meeting, tions anormales et accidentelies
Espoo, Finland, 1980) (Compte rendu de la reunion de specialistes,

Espoo, Finlande, 1980)

£12.60 $28.00 F126,00

Safety of the Nuclear Fuel Cycle (A State- SQreté du Cycle du Combustible Nucléaire
of-the-Art Report by a Group of Experts, (Rapport sur l'état des connaissances établi
1981) par un Groupe d' Experts, 1981)

£6.60 $16.50 F66.00

Critical Flow Modelling in Nuclear Safety La modélisation du debit critique et la süreté
(A State-of-the-Art Report by a Group of nucléaire
Experts, 1982) (Rapport sur l'état des connaissances établi

par un Groupe d' Experts, 1982)

£6.60 US$13.00 F66.00



LEGAL PUBLICATIONS PUBLICATIONS JURIDIQUES

Convention on Third Party Liability in the Convention sur la responsabilité civile
Field of Nuclear Energy - incorporating dans Ie domaine de l'énergie nucléaire -
the provisions of Additional Protocol Texte incluant les dispositions du Proto-
of January 1964 cole additionnel de janvier 1964

Free on request — Gratuit sur demande

Nuclear Legislation, Analytical Study : Legislations nucléaires, étude analytique:
"Nuclear Third Party Liability" (revised "Responsabilité civile nucléaire" (version
version. 1976) revises, 1976)

£6.00 US$12.50 F50.00

Nuclear Legislation, Analytical Study: Legislations nucléaires, étude analytique:
"Regulations governing the Transport of 'Régiementation relative au transport des
Radioactive Materials* (1980) matières radioactives" (1980)

£8.40 US$21.00 F84.O0

Nuclear Law Bulletin Bulletin de Droit Nucléaire
(Annual Subscription — two issues and (Abonnement annuel — deux numéros et
supplements) supplements)

£6.00 $13.00 F60.00

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

Index des vingt-cinq premiers numéros
du Bulletin de Droit Nucléaire

Description of Licensing Systems and
Inspection of Nuclear Installation (1980)

£7.60

Description du régime d'autorisation et
d'inspection des installations nucléaires
(1980)

US$19.00 F76.O0

NEA Statute Statutsdel'AEN

Free on request — Gratuit sur demande
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Libreria Scientifica, Dolt. Lucio de Biasio "Aeiou"
Via Meravigli 16. 20123 MILANO Tel. 807679
Libreria Zanichclli
Piazza Galvani I/A, 40124 Bologna Tel. 237389
Libreria Lattes, Via Garibaldi 3, 10)22 TORINO. Tel. 519274
La diffusion! delle edizioni OCSE t inoltre assicurala dalle migliori
librerie nelle cilta piu unportanti.
JAPAN-JAPON
OECD Publications and Information Center,
Landic Akasaka Bldg., 2-3-4 Akasaka,
Minato-ku, TOKYO 107 Tel. 586.2016
KOREA-CORÊE
Pan Korea Book Corporation,
P.O. Box n" 101 Kwangwhamun, SEOUL. Tel. 72.7369

LEBANON - I.IBAN
Documcnta Scienlirica/Redico,
Edison Building. Bliss Street. P.O. Box 5641, BEIRUT
Tel. 354429 - 344425
MALAYSIA - MALAISIE
and/et SINGAPORE • SINGAPOUR
University of Malaya Co-operative Bookshop Ltd.
P.O.Box ll27.JalanPanlaiBaru
KUALA LUMPUR. Tel SI425. 54058. 54361
THE NETHERLANDS - PAYS-BAS
Staatsuitgeverij
Verzendboekhandel Chr. Plantijnsiraal 1
Postbus 200I4
2500 EA S-GRAVENHAGE. Tel. nr. 070.789911
Voor bestellingen: Tel. 070.789208
NEW ZEALAND- NOUVELLE-ZÉLANDE
Publications Section,
Government Printing Office Bookshops:
AUCKLAND: Retail Bookshop: 25 Ri Hand Street,
Mail Orders: 85 Beach Road. Private Bag C.P.O.
HAMILTON: Retail Ward Street,
Mail Orders. P.O Box 857
WELLINGTON: Retail: Mulgrave Street (Head Office).
Cubacade World Trade Centre
Mail Orders: Private Bag
CHRISTCHURCH: Retail: 159 Hereford Street,
Mail Orders: Private Bag
DUNEDIN: Retail: Princes Street
Mail Order: P.O. Box 1104
NORWAY - NORVÈGE
J.G. TANUM A/S Karl Johansgate 43
P.O. Box 1177 Scntrum OSLO I. Tel. (02) 80.12.60
PAKISTAN
Mirza Book Agency. 65 Shahrah Quaid-E-Azam, LAHORE 3.
Tel. 66839
PHILIPPINES
National Book Store, Inc.
Library Services Division, P.O. Box 1934, MANILA.
Tel. Nos. 49 43 06 to 09, 40.53.45. 49.45.12
PORTUGAL
Livraria Portugal, Rua do Carmo 70-74,
1117 LISBOA CODEX. Tel. 360582/3
SPAIN - ESPAGNE
Mundi-Prensa Libras, S.A.
Castello 37, Apartado 1223, MADRID-1. Tel. 275.46.55
Libreria Bosch. Ronda Universidad 11. BARCELONA 7
Tel. 317.53.08. 317.53.58
SWEDEN - SUEDE
AB CE Fritzes Kungl Hovbokliandel,
Box 16 356, S 103 27 STH, Rcgeringsgatan 12,
DS STOCKHOLM. Tel. 08/23.89 00
SWITZERLAND - SUISSE
OECD Publications and Information Center
4 Simrockstrasse 5300 BONN. Tel. (0228) 21.60.45
Local Agents/Agents locaux
Librairic Payót. 6 rue Grenus, 1211 GENEVE 11. Tel. 022.31.89.50
TAIWAN - FORMOSE
Good Faith Worldwide Int'I Co.. Ltd.
9th floor. No. 118, Sec. 2
Chung Hsiao E. Road
TAIPEI. Tel. 391.7396/391.7397
THAILAND - THAILANDE
Suksit Siam Co.. Ltd.. 1715 Rama IV Rd.
Samyan. BANGKOK 3. Tel. 2511630
TURKEY-TURQUIE
KUltur Yayinlari Is-Turk Ltd. Sti.
AtatUrk Bulvari No : 77/B
K1ZILAY/ANKARA. Tel. 17 02 66
Dolmabahcc Cad. No : 29
BESIKTAS/ISTANBUL. Tel. 60 71 88
UNITED KINGDOM - ROYAUME-UN1
H.M. Stationery Office, P.O.B. 569,
LONDON SE1 9NH. Tel. 01.928.6977, Ext. 410 or
49 High Holborn, LONDON WCIV 6 HB (personal callers)
Branches at: EDINBURGH, BIRMINGHAM. BRISTOL.
MANCHESTER, BELFAST.
UNITED STATES OF AMERICA - ÉTATS-UNIS
OECD Publications and Information Center, Suite 1207,
1750 Pennsylvania Ave.. N.W. WASHINGTON, D.C.20006 - 4582
Tel. (202)724.1837
VENEZUELA
Libreria del Esle, Avda. F. Miranda 52, Edificio Galipan,
CARACAS 106. Tel. 32.23.01/33.26.04/33.24.73
YUGOSLAVIA - YOUGOSLAVIE
Jugoslovcnska Knjiga, Terazije 27, P.O.B. 36, BEOGRAD.
Tel. 621.992

Les commandes provenant de pays oil l'OCDE n'a pas encore designë de dépositaire peuvent être adressées a :
OCDE, Bureau des Publications, 2, rue Andre-Pascal. 75775 PARIS CEDEX 16.

Orders and inquiries from countries where sales agents have not yet been appointed may be sent to:
OECD. Publications Office, 2 rue Andre-Pascal, 75773 PARIS CEDEX 16.


