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Statement from the Institute Board U
Introduction

By concentrating resources on
the international Halden project
and on high priority assignments
in the petroleum technology and
energy intensive process indu-
stries, IFE has established a clear
professional profile within the
scientific and technological re-
search environment in Norway.
The emphasis in these particular
technological fields is also in accor-
dance with IFE's role as the natio-
nal research institute for energy
and nuclear technology. Through
the operation of the JEEP-II reac-
tor, the Institute maintains its esta-
blished national function in the
provision of isotopes and in basic
research in physics. Where the
Halden project is concerned, re-
search and development priorities
have changed in recent years
towards process control and colla-
boration with norwegian compu-
ter and process industry.

An important element in IFE's
long term strategy is to coordinate
its own research efforts with those
of other norwegian research estab-
lishments in areas of current inte-
rest. A series of collaboration
agreements and joint projects with
organizations inTrondheim, Oslo
and Bergen are now established.
These include an agreement en-
tered into during 1984 with the
University of Oslo in which the
two institutions aim at an increas-
ing long term cooperation in fields
of central significance for petro-
leum extraction and industrial
process technology. Collabora-
tion will be centered round both
the Institute's participation in
teaching in technically orientated
tudies and implementation of

pint research and development
projects.

IFE actively exploits the poten-
tial in international research colla-
boration, both through the conti-
nuing Halden project, participa-

tion in joint Nordic projects within
the OECD's nuclear energy agen-
cy (NEA) and the International
Energy Agency (IEA). In the pet-
roleum field collaboration with oil
companies and research institutes
abroad is given high priority.

As far as radio-pharmaceuti-
cals are concerned the Institute has
participated in the development of
important new products. These
wiU be marketed by the Institute in
collaboration with a norwegian
pharmaceutical company.

IFE is now making strong and
steady progress, especially in new
areas in the energy and petroleum
sectors. In the course of a few years
important results have been
achieved in selected fields such as
computer-based process control,
as well as two-phase- and reservoir
technology. This development in-
dicates that even a small country
can generate a research environ-
ment which, within certain areas
of technology, can be in the inter-
national front rank.

Nuclear power
and associated
process control

THE HALDEN PROTECT
International collaboration

through the Halden project
enables Norway to operate ad-
vanced research in fields central to
nuclear power technology. The
programme emphasises fuel and
safety research as well as comput-
er based methods for the control
and surveillance of reactor instal-
lations. Participants from abroad
at Halden include representatives
of the nuclear industry, as well as
power companies and authorities.
This combination of an advanced
research programme and a broad
circle of participants provides very
effective information channels to
the international nuclear power
scene. In diis way the Halden pro-
ject gives Norway the possibility
of maintaining broad and effective

relations with the nuclear power
community at no great cost. The
research programme also gives re-
sults of great importance for non-
nuclear applications in the petro-
leum and process industries.

In 1984, the Institute, with the
support of the respective authori-
ties, entered into an agreement
widi the present foreign signa-
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tories (comprising more than 40
organisations from the 10 partici-
pating countries) for the continu-
ation of the Halden Project for the
three year period 1985-1987. IFE's
share of the total budget is appro-
ximately 25"/o. From both a tech-
nological and economic point of
view this collaboration is profit-
able for Norway.

Through the operation of the
Halden reactor IFE gain experien-
ce in physical safety measures
which up til now have been used in
commercial nuclear power sta-
tions. Furthermore IFE's installa-
tions are subject to the control car-
ried out by the IAEA (Internati-
onal Atomic Energy Agency) in
connection with the non-prolifera-
tion treaty. The Halden reactor
has been used by the IAEA for
trials on new control methods and
procedures.

The reactor has been in ope-
ration for half of the year, and
about 50 different fuel elements
have been tested. 80.000 tons of
steam was delivered to Saugbrugs-
foreningen. Improvements of test-
ing conditions in the reactor which
were carried out in 1983, have
lived up to expectations. The first
experiments with the improved
conditions (increased neutron
flux) have been earned out during
1984. The modification of the re-
actor core has led to a marked in-
crease in the volume of assign-
ments.

FUEL TECHNOLOGY

The project's fuel test programme
includes experimental investiga-
tions and analytical studies of fuel
behaviour under normal operatio-
nal conditions as well as various
types of accident situations. For
such purposes a series of highly
ipecialized instruments have been

developed, instruments which are
used today in a number of other

research establishments. Further-
more in 1984 instruments and as-
sociated electronics were supplied
for mounting in 120 fuel elements
destined for irradiation in nuclear
power stations in the U.S.A.

PROCESS CONTROL
AND SURVEILLANCE
During 1984 die Halden projects
new experimental laboratory was
put into operations. This labora-
tory is equipped with a screen-

v
assemblies.
(Photo: Studio U)

In 1984 the fuel investigations
have particularly emphasised the
characterisation of long term ef-
fects with regard to efficiency and
operational safety, and the deter-
mination of reliability and dura-
bility in the case of accident with
loss of cooling water. This work,
which is carried out in close colla-
boration with the participating
organisations, gives first hand
knowledge of some of the most
advanced calculation codes and
fuel constructions which are
under development in the inter-
national nuclear power industry.
A significant part of this fuel tested
in the Halden reactor undergoes
post irradiation examination at
Kjeller.

based reactor control room con-
nected to a detailed simulator of a
pressurized water reactor (PWR)
It is intended for experiments in
the field of man-machine commu-
nication, such as studies in infor-
mation presentation, testing of
specific systems and training of
operators. A large-scale experi-
ment was earned out during 1984
to test a system for the improved
arrangement and presentation of
alarms.

The testing of alarm systems
shows that the filtering of alarms is
an effective means to ensure that
the operator concentrates on the
most relevant information during
disruptions in the plant opera-
tions, and that the use of mimic
diagrams facilitates the identifi-
cation of alarm situations.

The first delivery phase of the
IFE developed nuclear surveillan-
ce system (SCORPIO) to the
Ringhals nuclear power station in
Sweden was completed in 1984.
The part of the system delivered is
intended for the deployment of
operational staff for the most effec-
tive operation of the plant. This is
achieved by trying out different
operational strategies on a simula-
tor before implementation on the
real process. The surveillance sys-
tem is based on a Norsk Data
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JFE's petroleum activities.
(Design: >rn >£«»''"/

computer coupled to a full graphic
display system from lean. In
1985 work will continue with
Ringhals on the installation of the
total system.

Activities in connection with
the petroleum industry have been
concentrated on the training simu-
lator for the GULLFAKS-A plat-
form. In cooperation with Norsk
Data and Kongsberg Vâpen-
fabrikk, IFE is in charge of the
construction of this simulator,
which will be used for the training
of operators for production plat-
forms. The complete integration
of the simulator with the construc-
tion of the control room equip-
ment is carried out in Halden.
The simulator and the equipment
will be transferred to Sandsli near
Bergen in the summer of 1985,
after a period of integrational and
functional testing.

The GULLFAKS simulator
software has also been transferred
to IFE's own computer system for
studies and development of com-
petence. In the long term IFE will
establish its own operator-process
communication system in a smal-
ler control room which will pro-
vide the basis for further in-
volvment with the petroleum in-
dustry.

Petroleum
technology

The Institute's activity in the
petroleum field is concentrated in
selected areas within:

• recovery and exploration tech-
nology

• two-phase transport systems
• gas technology
• control and surveillance

systems
• corrosion - erosion

RESERVOIR
TECHNOLOGY

Field investigations are at pre-
sent being carried out on the use of
radioactive tracers in connection
with drilling and completion.
Other examples of applications of
tracer techniques offshore have
been in cementing, identification
of leakages in pipework, and in the
placing of tightening plugs in large
gas pipelines.

The Institute has particularly
worked with developing methods
for management and investigation
of unconsolidated cores. A series

of systematic investigations of co-
res have also been carried out with
the aid of X-ray tomography.

In 1984 a large part of the efforts
in the reservoir simulation field
were connected with a simulation
study of the Brent reservoir in the
Statfjord field - an assignment
which was begun in 1983. Activity
has been concentrated on the
adaption of the geological and pet-
rophysical data-base for the simu-
lation study. An important tool in
this connection has been the
GRIDGEN system, which is used
to adapt data represented in geolo-
;ical and geophysical maps.
iRTJDGEN has in this connection

been significantly functionally
improved, with routines for effec-
tive digitalisation of drawn maps.
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The Institute's simulation model
BETA 3 A and the GRIDGEN sys-
tem is transferred to the Petroleum
Directorate's computer installa-
tion.

One of the most important pro-
blems within reservoir modelling
is connected with the description
and calculation of migration of lar-
ge concentration or saturation gra-
dients throughout the reservoir.
The Institute regards these as im-
portant and professionally chal-
lenging assignments, and there-
fore, in 1984, carried out part of an
introductory study in this field.
In this connection a good profes-
sional collaboration has been esta-
blished with the University of
Oslo, and contact is also estab-
lished with leading international
research institutions.

In collaboration with Scientific
Software - Intercomp, the Institu-
te arranged an international semi-
nar on reservoir technology dur-
ing the summer of 1984.

EXPLORATION
TECHNOLOGY
Within the field of organic geoche-
mistry the identification of stable
isotopes is of central importance.
With support from Texaco Explo-
ration Norway A/S a liquid chro-
matograph was acquired for the
fractionation of petroleum. In col-

laboration with Deminex (Nor-
way) A7S equipment and expertise
is being gathered to carry out ana-
lyses in connection with surface
prospecting. To further support
its work in organic geochemistry.
IFE has acquired a very advanced
microscope for use, among other
things, in maturity studies.

Within the fields of mineralogy
and diagenesis a number of studies
and projects were carried out,
including one with the support of
Conoco Norway Inc., for dating
of sedimentary source rocks with
the help of radioactive isotopes.

IFE has entered into an agree-
ment with Statoil on the develop-
ment of a mathematical model for
the simulation of the processes
which lead to the development
and migration of oil and gas in a
geological basin. The work is
cross-disciplinary in character,
and includes assignments in geo-

ry, geochemistry, mathematical
modelling, numerical solution
techniques and data processing.
During the year a programme was
developed which solves basic
equations for fluid flow, pressure,
compaction and temperature as
functions of time in a vertical cross
section of a basin, and calculates
the integrated effect of processes
on maturity levels of source rocks.

As a further assignment from
Statoil the Institute has devel-
oped the first version of the com-
puter programme SOURCE-
VAL. This programme gives a
simplified simulation of the deve-
lopment and migration of hydro-
carbons under given conditions of
source rocks, maturity, pressure
and temperature. The program-
me is developed on the basis of
Statoil's model formulation, while
IFE has been responsible for the
system design, and the program-
me construction and implementa-
tion. The programme is installed
in all Statoil's local offices.

carbons-
(Photo: Statoil)

During 1984 a substantial indu
striai interest for well logging
has been registered in Norway
Against this background IFE car
see interesting perspectives anc
possibilities for the developmen
of new and improved nuclea:
based techniques for well logging

's background in radiation
physics and nuclear measuremen
methods is an excellent basis foi
equipment development in cor
nection with well logging. Durin
1984 the norwegian compair
Geco established Geco Well Servi
ces, for whom a pre-project hai
been started for the developmen
of nuclear logging tools.

TWO-PHASE
TRANSPORT
Poseidon is a collaboration pro
ject between Statoil and tw
french companies - Total, and
l'Institut Français de Pétrole
(IFF). The aim is the developmen
of technology for the design and
operation of sub sea two-phase
transport systems.

IFE is working for Statoil on
number of assignments within this
project, which will include the de
velopment of a real time model for
pipeline flow of oil and gas. This
work, which started during 1984
and is expected to continue for
three years, is based on an earlier
project for Statoil in connection
with the development of a dyna
mic pipeline flow model.

In 1984 IFE entered into an
agreement with SINTEF on a
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joint research programme connec-
ted with the two-phase installa-
tion at Trondheim - The SDM-
TEF-IFE Two-phase Flow Pro-
ject 84-85. The programme is
financed by a group of eight petro •
leum companies, and will provi-
sionally run for a three years
period. SINTEF is responsible for
the operation of the two-phase
installation itself, and IFE for
the further development of the
computer programme OLGA, a
dynamic, one-dimensional two-
phase flow model for hydrocar-
bon transport in pipelines.

OLGA is subjected to continu-
ous testing against experimental
data from the two-phase flow in-
stallation, and there is a particular
improvement in the physical two-
phase description in accordance
with the expansion of the data ba-
se. In the course of the project, a
multi-pipeline two-phase model
for hydrocarbon transport will
also be developed.

In collaboration with Texaco
Exploration Norway IFE has de-
veloped a new measuring instru-
ment for surveillance/control of
flow conditions of two-phase flow
transport in offshore pipelines and
riser pipes. The measuring princi-
ple is based on gamma irradiation
technology. The method gives the
volume fraction of gas in the upper

loop in fmdhevn.
and lower halves of the pipeline
cross section, as well as the velo-
city of fluid plugs (slugs) in the
pipeline itself.

The development phase itself is
now complete, and an extensive

testing programme has already
demonstrated the instrument's
excellent qualities from the poini
of view of accuracy, stability and
versatility.
GAS TECHNOLOGY
In the field of quantity measure
ment of large gas flows the Institu
te has particularly concentrated
on measurement methods which
will be important for the projected
gas measurement laboratory at
Karsto.

There is a clear need for cali-
bration tests on existing gas den-
sity measuring equipment, and
in 1984 the Institute evaluated
various methods for calibrating
density measurements where the
use of relatively large theoretical
corrections are avoided.

Sonic Venturis show themsel-
ves to be very good as reference
measurements and standards for
transfer, and IFE has obtained and
documented a computer pro-
gramme which will be of particu-
lar use in experimental work for
the calculation of natural gas flows
in Venturis.

In 1984 IFE participated in the
work of the International Standar-
disation Organisation (ISO), in
relation to one of the ISO commit-
tees which deals with flow measu-
rement in closed pipelines.

In order to complete IFE's
background in research and deve-
lopment in gas measuring techni-
ques, an introductory project has
been prepared for the building of a
small scale calibrating plant with
air as a flow medium.

A "mini pilot plant" for gas
purification based on zeolites is
now completed. Testing with ni-
trogen was started at the end of
1984.

With support from the Nordic
Industrial Association, IFE opera-
tes a Nordic collaboration project
within high pressure gas extrac-
tion. The project has concentrated
on studies and methods for the
separation of fatty acids.

SURVEILLANCE AND
CONTROL SYSTEMS

An important assignment in 1984
was the development of a system
for real time simulation of two-
phase flow. This included the ex-
tensive development of software
for a Norsk Data 570 computer for
control of an interactive dialogue
with the user, the presentation of
results on a high speed colour gra-
phic terminal, as well as the co-
ordination of technical calcula-
tions in a two-phase model. The
first version of the simulator will
be complete in the beginning of
1985. The assignment is part of the
Statoil Poseidon programme.

IFE has also assisted an ameri-
can company with the implemen-
tation of software for model calcu-
lation and process surveillance in
the SCADA system for the Stat-
pipe pipeline network. The system

of the system develohedjor

will undergo final acceptance tests
in the summer of 1985.

A project has been completed
for Statoil to develop effective nu-
merical methods to simulate com-
plex processing plants for oil and
gas and their regulating systems.
An assignment has also been star-
ted on the surveillance and control
of special critical process condi-
tions in the flow of oil and gas in
the same pipeline.

, CORROSTON
The project Kjeller Sweet Corro-
sion which aims at the mapping of
effects connected with a CO2-rela-
ted fluid phase under high pressu •
re, has now been running for three
years. Investigations have provi-
ded a very satisfactory data base
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for CCX corrosion in the tempera-
ture range 60°-90°C. Important
connections have been shown be-
tween velocity and corrosion ra-

Inlmuil COi-corrosiim in petroleum
pipe work. (Photo: Statoil)

tes. It is also clear that small diffe-
rences in the metallurgical
composition of steel types can give
relatively large differences - up to
a factor of four - in corrosion rates,
under conditions which are other-
wise similar.

In collaboration with Veritas
Research A/S, a pre-project was
carried out during 1984 for the
mapping of corrosion-erosion
problems related to production
equipment and flow lines for oil
and gas. This work is a part of
the research within the Poseidon
collaboration.

Industrial process
and materials technology

INDUSTRIAL
MATHEMATICS
IFE's main contribution to deve-
lopment in industrial process tech-
nology is in the field of mathemati-
cal modelling. The value to users
lies primarily in an enhanced un-
derstanding of processes and criti-
cal limits, and in that new process
procedures can be investigated
quickly, cheaply and unconditio-
nally, without risk or danger.

The kind of calculation model
of interest in this area (partial diffe-
rential equations) will often be
extremely large, involving several
thousand unknowns, and the de-
velopment of effective solution
methods is vital to obtain accu-
rate results sufficiently quickly.
There is strong emphasis on ex-
tending research collaboration
with the University of Oslo, a
collaboration which aims at both
teaching and a joint research pro-
gramme in the field. During 1984
IFE designed and ran a course in
industrial luathemathics at the
Mathematical Institute, the Uni-
versity of Oslo.

Industrial assignments include
programme development in the
following areas: Steel manufactu-
re, aluminium manufacture, alu-
minium-electrolytic processes,
and the processing of petroleum.

In the aluminium casting field
IFE developed a casting simulator

Forging of Steel, Korshjemverk.

for Elkem, Norsk Hydro and Àr-
dal and Sunndal Verk (ÂSV), and
this will be further developed into
a training simulator for foundry
operators. IFE also supplied a
model for the calculation of elas-
toplastic casting stresses, and on

the electrolytic side, a model was
completed for thermal and electri-
cal conditions in an electrolytic
cell. The reasons for instability in
the operation of electrolytic cells
are also being investigated. Fhe
client here is ASV.

In the field of steel casting a
mathematical model for the ther-
mal conditions in a' steel furna

was delivered to Mefos in Sweden,
and a sales agreement entered
into betweenJernkontoret, Mefos
and IFE for die international mar-
keting of the programme system
STEELTEMP.

A pre-project was carried out
for Elkem on the modelling of
stresses in carbon materials on a
micro level.

Other assignments include the
development and assistance du-
ring installation and testing of an
adaptive regulator for ASV's elec-
trolysis process.

A new field in 1984 was hydro-
carbon processing. IFE has started
work for Statoil on the develop-
ment of mathematical models for
simulation of gas purification
loops at die Kârsto terminal.

MATERIALS
TECHNOLOGY

Work has been mainly directed to-
wards the development of advan-
ced joining techniques, and pro-
blems in connection with ammo-
nia stress corrosion. By using die
electron beam welding process,
high pressure containers are pro-
duced for the sampling of hydro-
carbons (PROSERV)., aircraft
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components for F-16 (Kongsberg
Vâpenfabrikk) and instrument
containers for titanium for use in
seismic research (Mandai Maski-
nering/AME).

In collaboration with AMR En-
gineering A/S a new welding me-
thod has been developed - forge
welding. Work during 1984 has
been on the welding of pipes with
different metallurgical qualities
and composition, with diameters
in the area of 4-8". Parallel to these
welding experiments, a mathema-
tical model has been developed for
the simulation of the forge welding
process itself. This model is used
among other things for estab-
lishing in advance the correct geo-
metry for joints.

A multinational project on
stress corrosion in storage and
transport containers for ammonia
was completed in 1984. Stress cor-
rosion or fracturing has usually
been caused by the presence of
small quantities of oxygen in am-
monia, while water has been used
to prevent damage. A new test
method developed at the Institute
has made it possible to carry out
the necessary mapping of how the
oxygen/water conditions cause
stress corrosion in the storage
containers water phase at even
temperatures. The project has also
shown how exterior temperature
changes can cause fracturing in the
gas phase.

IFE's mechanical workshop
has an important support function

in many development projects.
The workshop undertakes special
assignments in supplying experi-
mental equipment for the Insti-
tute's research reactors. The
workshop also undertakes special
production assignments and the
supply of prototypes for industry.
In 1984 these included the supply
of the last of four well scanners
(gamma loggers) to Geco A/S, to

be installed in their new laborato-
ry injakarta. It has also supplied a
number of pycnometers for densi-
ty measurements of natural gas.
The material here is a special tita-
nium alloy. A welding method
was also designed as well as a
procedure for repair welding of
aircraft components cast in
aluminium for Braathens SAFE.

Energy conservation
and energy systems

ENERGY
CONSERVATION
IFE's methodological work com-
plements the practical assign-
ments undertaken by consulting
companies. This involves the
Institute's special energy measu
ring service, which is built up with
a view to IFE carrying out the
necessary trials on energy condi-
tions in energy conservation pro
totype plants partly financed by
the Ministry of Petroleum and
Energy.

In 1984 IFE extended its energy
measurement services. More mea-
suring equipment has been acqui-
red, and several software pack-
ages worked out for the analysis of
measurement resuIts.Measuring
services are now expected to inclu-
de development of measuring
equipment and methods for veri-
fying the Institute's calculation
models used by the country's alu-
minium producers. In addition
there is considerable emphasis
on the development of nuclear
measuring instruments, which
include a recorder for controlling
the quantity of magnetite in the
waste flow from the separation
works at Sydvaranger A/S.

In collaboration with the Nor-
wegian Wood Technology Insti-

tute an instrument has been deve-
loped for measuring the moisture
content in timber during drying.

During 1984 IFE completed
measurement and analyses of
three active solar heating systems
for water heating in various types
of buildings. Measurements show
that their capacity is low, and the
plants are not economic. The Insti-
tute also carried out measurement
and evaluation of an integrated
solar heating system with salt hy-
drate storage in a service building
in a daiiy. Results from this project
will be available in 1985.

During 1984 an extensive three
year energy conservation project
was started for small and medi-
um sized industrial plants. The
project aims at demonstrating
how energy use can be reduced in
a profitable manner. Interest in the
project is considerable, and today
14 companies from the following
sectors participate: the plastics in-
dustry, the wood industry, the
timber industry and a number of
foundries. Within each company
the project is carried out in three
phases - mapping of energy condi-
tions, effecting conservation mea-
sures, and verification of results.
The project is supported by the
NTNF and certain county power
companies, as well as the compa-
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nies running the pilot operations
and who make their own practical
contribution.

An updating of costing and
technical data for district heating
has been carried out in collabora-
tion with Kjelforeningen as an
assignment from NVE. The tech-
nical and economic potential for
district heating in Norway is esti-
mated to around 6 TWh.
TECHNICAL-ECONOMIC
SYSTEM ANALYSES
Since new technology based on
solar and wind energy is of little
practical interest in the near futu-
re, the Institute's work on renew-
able energy sources (wind power,
solar energy) has been reduced.
IFE meanwhile sees its central task
as supplying the authorities with
data and analyses related to new
energy technologies and energy
systems.

In the field of new energy
systems IFE has, in collaboration
with AMR Engineering A/S, Sel-
mer A/S and Kvaerner Brug A/S,
designed a 5.6 MWe OTEC
(Ocean Thermal Energy Conver-
sion) power station based on an
idea from AMR Engineering A/S.
Results so far are encouraging,
and it is planned to continue the
project in 1985.

The final report for the natio-
nal research programme on wind
energy was completed in April
1984. The decision to build a pilot
plant in Norway was postponed
until 1986. Until then there is an
interim programme, in which IFE
has been assigned to follow up
international developments in
wind power technology.

During 1984 IFE continued the

measurement of solar energy flux
at its measuring stations at the air-
ports of Bode, Gardermoen and
Sola. A large volume of data on the
solar flux variations over time has
been collected. Measurements are
taken in different directions and in
different areas of the spectrum.
From 1985 these measurements
have been taken over by the
Meteorological Institute.

In accordance with the priori-
ties outlined above, considerable
emphasis is now laid on improved
systems analyses. There is an
increasing need in the market for

such analyses as a basis for choice
between alternative technological
solutions. In 1984 IFE carried out
the main phases in the develop-
ment of an optimization model
for pipeline systems for gas tran-
sport. The core of the programme
is a technical simulation and opti-
mization for the calculation of the
maximum possible delivery over
a given number of years. There is a
further system which establishes
the optimal investment strategy,
based on income from sales, in-
vestment costs, operational costs
etc.

Isotope- and
irradiation serviœs

ISOTOPE SUPPLY

In close collaboration with a num-
ber of hospitals, IFE works on the
development of new radio-phar-
maceuticals, as well as improving
existing compounds. In the course
of the year the newly developed
99m Tc-generator was marketed,
and work continued to find a still
better compound for the investi-
gation of the skeleton, which to-

f
jFEs isotope laboratories.
(Photo: Studio 13)

day is an important sector within
nuclear medicine.

The main emphasis in research
work has been on the develop-
ment of two completely new ra-
dioactive pharmaceuticals, with
the aid of which a blood sample
can be marked with a radioactive
tracer and then reintroduced into
the patient. With one compound
the patient's white blood cor-
puscles can be marked, and the
method can be used to locate ab-
cesses and states of inflammation
which it would be difficult to find
by other means. The other pro-
duct is used to mark blood plate-
lets. With the help of this it is
possible to study blood clots in the
body. Both these pharmaceuticals
will be supplied in a form of prepa-
ration sets, to be used together
with the Tc-generator. Sets will
contain the necessary equipment
for separating the various blood
components, as well as for the
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marking process. The products
are now in the clinical trial stage
in Scandinavia, and a collabora-
tion agreement for their sales has
been made with A/S Apotheker-
nes Laboratorium for Specialprae-
parater in Oslo.

IRRADIATION
TECHNOLOGY
Irradiation activity comprises die
use of the research reactor Jeep II
and the gamma irradiation plant.

Neutron doping of semi-con-
ductor materials for use in the elec-
trical and electronics industries is a
new work area. Silicon in super-
pure form is given an accurately
calculated neutron dose from

which traces of phosphorus are
formed - evenly distributed
throughout the material. This
improves the conductivity of the
semi-conductor material.

During 1984 the gamma irra-
diation plant was mainly used for

die sterilisation of norwegian-pro-
duced dressing materials and
other medical articles as well as the
radiation treatment of packaging
for milk products and of pepper
for industrially produced food-
stuffs. Activity in this field has
been increasing, with about 30%
more assignments compared with
the preceding year.

Trial irradiation of various
foodstuffs and additives for food-
stuffs is carried out on behalf of
industrial companies and research
institutes. Development work in
the field has been concentrated on
the optimization of reactor irradia-

tions, transport conditions for
radiation materials and a dosime-
ter system for ionising irradiation.

OPERATION OF THE
JEEP II REACTOR
Throughout 1984 the Jeep II re-
search reactor has been in conti-
nuous operation 24 hours a day
according to schedule, with the
exception of three planned stop
periods for maintenance work and
for holidays. In addition to the
isotope technology irradiation,
the reactor was used for research
in neutron physics, activation ana-
lyses and neutron radiographie re-
search.

Basic research in Physics

Research in physics has been
mainly based on the use of neu-
tron irradiations from die Jeep II
reactor for the investigation of die
structure and dynamics of solid
state and fluid materials. With this
technique, phenomena can be stu-
died on the atomic scale 10""-
10"!'m. This research involves ex-
tensive contact with other norwe-
gian as well as foreign research
groups. For example during 1984
3iis included research of a metal
hydride carried out in collabora-
tion with Allied Chemicals, Mor-
ristown USA. In the last couple of
years there has been a need to be
able to study atomic phenomena
on a larger length scale (ASLP)
right up to 10~5m. This is the case
for a colloidal system which con-
sists of mono-disperse polystyrene
spheres in a magnetic fluid, a
system which both in structure
and dynamics has a striking simi-
larity to a genuine atomic system.

To obtain the length scale the
Institute has taken into use light-

microscopy and light scattering.
Colloidal research is carried out in
collaboration with groups at the
NTH and IBM's research labora-
tory at Yorktown Heights. USA.
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Special
institute functions

LIBRARY AND
LITERATURE SERVICES
In addition to being the Institute's
subject library, the IFE library is
also a reference library for nuclear
technology and research orienta-
ted energy literature. It therefore
also serves an important circle of
clients. Besides functioning as a
deposit for publications from
IAEA, it handles publications
from ICRP, IEA and OECD/
NEA. The programme package
POLYDOC is used for registra-
tion and search for literature.

In accordance with an agree-
ment among the Nordic countries
and the USA on the exchange of
energy information, norwegian
energy literature is referred for use
in the US Energy Department's
"Energy Date Base". The Nordic
countries receive in return magne-
tic tapes as well as access to the
data base. The project is finan-
cially supported by the Ministry of
Petroleum and Energy. The agree-
ment was extended in 1984 to
include the same reporting on pro-
jects as is used for the Nordic
Council of Ministers' catalogue of
energy projects in the Nordic
countries. This catalogue is distri-
buted by IFE in Norway as an
assignment from the Council.
Both the literature mentioned and
project descriptions are entered
into the database "Nordic Energy
Index". Norwegian literature in
nuclear energy and related fields
in physics are referred to and fed
into the IAEA's database INK.

ASSIGNMENTS FROM
VARIOUS AUTHORITIES
In accordance with the non-proli-
feration treaty, all nuclear material
in Norway comes under the
IAEA's safety control., and
through its accounting and repor-
ting system for nuclear materials
IFE aids the control which IAEA's
inspectors are responsible for in
Norway. In accordance with an
agreement with the government,
IFE is responsible forNorway's in-
ternational obligations in the safe-
ty control field, including routine
contacts with IAEA's safety con-
trol system.

During 1984 IFE has given
considerable assistance to the
norwegian authorities in connec-
tion with nuclear export control,
preparations for the ratification of
a convention on physical protec-
tion of nuclear materials, the new
norwegian-american nuclear-col-
laboration agreement which came
into power during 1984, and pre-
paration for the non-proliferation
treaty's inquiry meeting in 1985.

HEALTH AND SAFETY
ACTIVITIES
In the course of the year there
have been no safety related occur-
rences either to IFE's personnel or
its installations.

Routine checks on the Institute
staff show that the radiation dose
to which they are exposed is well
below the permissible limits for
occupational exposure. Radioacti-
vity released from IFE's installa-
tions was not of significance for
the environment. The results of
measurements were submittet to
the relevant authorities.

In 1984 the Institute prepared
to offer a fingerdosimeter service
to the hospitals in the country,
and also calibrating services for
hand instruments for radioactivi-
ty measurements used in industry
and health services. These servi-
ces are offered in consultation with
the State Institute for Radiation
Hygiene.

IFE has continued its country-
wide monitoring of radioactive
fallout which was taken over in
1982 as an assignment from the
Norwegian Defence Research
Establishment. Monitoring inclu-
des testing of air, precipitation
and milk from four stations. As a
part of a Scandinavian radiologi-
cal collaboration, IFE also carries
out measurements along the nor-
wegian coasts and in the arctic
waters. IFE has also participated
in die IAEA co-ordinated research
programme for studies of radio-
activity in the Baltic, which was
completed during 1984.

REACTOR FUELS
Most of the experimental fuel
which undergoes irradi ation in the

Post irradiation exa
tkHalden reador.
(Photo: Studio U)
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Halden reactor is produced at
Kjeller. After irradiation and expe-
riments in the Halden reactor the
fuel is returned to Kjeller for post-
irradiation examination. This acti-
vity is important for the effective-
ness of many important long term
fuel experiments at Halden.

NORDIC SAFETY
PROGRAMME

isReactor safety work at IFE
mainly concentrated on a Nordic
collaboration project. The project
is financed by the Nordic Council
of Ministers, and includes deve-
lopment of methods and data for
risk analysis, and the analysis of
consequences and measures to be
taken in the case of hypothetical
large reactor accidents. The work
include.) a range of different as-
signments, from data processing
to experimental research on envi-
ronmental data. In 1984 the Insti-
tute haj also been involved with
the design of a work programme
which comprises an extension of
the Nordic project for die years
1985-1989.

RADIOACTIVE WASTE
The combustion plant for low acti-
ve waste is now in full operation.
Experience up to now has shown
that plant operation has not crea-
ted release of measurable quanti-
ties of radioactive material to the

environment. The Institute conti-
nues to participate in the Nordic
collaboration in the waste field,

and a research and development
project has been carried out for the
Nordic nuclear power industry.

Personnel

At the end of 1984 IFE had a total
staff of 509-309 at Kjeller and
200 at Halden. Altogether 29 per-
sons resigned during the year. Of
the personnel as a whole, 141 have
university or eqvivalent qualifica-
tions, and about the same number
are qualified in engineering.

Economy

The continuing adaption process
at Kjeller towards more petroleum
and industry related activity was
carried further during 1984, and
the volume of contract research is
still increasing.

Accounting results for activi-
ties during 1984 were in balance.
Petroleum related activity con-
tinues to increase, and now com-
prises about 1/3 of the work at
Kjeller, compared to 10% two
years ago.

For the Halden project, activity
has been approximately as predic-
ted in the budget. The internatio-
nal programme runs for a diree
year period. 1984 was the last year
of such a period, and accounting
results were in accordance with
budget estimates.

Operational income totalled
NOK 177 million, of which 115
million was from activities at Kjel-
ler, and 62 from Halden IFE's
earned income in 1984 was around

64°/» of the total. This is a high
proportion taking into account the
infrastructural costs which are
perticular to IFE (safety evalua-
tion, radiation protection, physi-
cal security, safety and control of
nuclear materials, handling and
storage of radioactive waste). Lea-
ving basic research in physics and
IFE's infrastructural costs aside,
earning power was over 7O°/o.

IFE's own income has in the
five year period, 1980-1984, in-
creased by NOK 49 million from
about 65 million in 1980 to about
114 million in 1984.

Publications

External work reports and publi-
cations from IFE numbered seve-
ral hundred in 1984.

A list of some of these publica-
tions is included in the norwegian
version of the IFE 1984 Annual
Report.
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