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STATEMENT FROM
THE INSTITUTE BOARD
Introduction
The modification and build-up of
research competence and its appli-
cation in new fields in a period with
steadily decreasing state support
briefly describes the challenge
faced by the Institute for Energy
Technology (IFE) in the latter years.
Nuclear power work at Kjeller has
almost ceased, and now merely
comprises certain support functions
for the Haiden project and a few
Scandinavian collaboration assign-
ments. The resources thus released
have been transferred to other ener-
gy research, petroleum technology,
as well as special areas in the field
of process technology.
Within the Haiden project, the
centre of gravity has shifted from
specific nuclear fuel investigations
to computer-assisted man-machine
communication. This is a field of a
general nature with great breadth of
application for national interests in
the offshore and other process
industries.
About 40 % of the kind of work done
today at IFE was not being done five
years ago - a fact which illustrates
the modification process going on.
Mainly on the foundation of the
basic competence and resources
from previous nuclear work, new
fields of activity have been estab-
lished to meet the demands of
industry and the authorities. This
interaction between IFE's traditional
and new activities is a main element
in the strategy for growth and adap-
tion in the new areas.

On the industry side, IFE is increas-
ingly involved with the norwegian
petroleum industry, in addition to an
extensive collaboration with the
norwegian computer and energy
intensive process industries.
In choosing assignments, IFE gives
particular consideration to the autho-
rities needs in the petroleum and
energi fields. This is a matter of
advising, reporting and analysis for
the Ministry of Petroleum and
Energy (OED) and other central
authorities.
In IFE's petroleum related activity,
the increased exploitation of the
potential given by technology
agreements for the exchange of
competence and financing must be
emphasised. In this connection it is
interesting to refer to the compre-
hensive mapping of research
requirements in the petroleum field

carried out by The Norwegian
Council for Scientific and Industrial
Research (NTNF) in the course of
1983 as a foundation for a five-year
plan. It is evident that IFE's particular
fields of activity fall in broad outline
in the group of high priority
research projects.

IFE sees important potential in the
further build-up of collaboration with
the University in Oslo (UiO) within
the petroleum technology field.
Particularly in reservoir technology,
there are problems in geochemistry,
petrophysics, petroleum geology
and flow technology which also
require work at a basic research
level. With the appropriate organisa-
tion and management of collabora-
tion between IFE and the UiO, a
strong working environment in
reservoir technology can be created
in the Oslo area.

IFE's strong international orientation
constitutes an important resource.
International collaboration through
the Haiden project with international
energy organisations such as the
International Atomic Energy Agency
(IAEA), the OECD Nuclear Energy
Agency (NEA), and the International
Energy Agency (EA) and the
Nordic collaboration programme,
give a valuable platform of contact
with advanced technological
environments in leading industrial
countries. Such international orienta-
tion is a precondition for the effec-
tive build-up of competence and
adaption and adjustment of new
technology to norwegian conditions.

The foundation for IFE's further
development and effort is streng-
thened by two comprehensive
reports: the Committee of IFE's
Founders' report on IFE's place
within norwegian research, and The
Norwegian Research Council for
Science and the Humanities (NAVF)
evaluation of basic research in
physics, which were handled by the
authorities and interested parties
during 1983.

The matter of the transfer of finan-
cial responsability for basic
research in physics from the OED to
the Ministry of Culture and Science
is still not clarified. The reports have,
however.created a new clarification of
IFE's role in norwegian research, and
have in addition given strong support
to the modifications IFE is making.

IFE's own earning power in 1933 was
about 60 %. This is a high figure if the
particular infrastructural costs IFE
has to sustain are taken into account
If these particular costs, and the
field of basic research in physics
are left cut of account, the earning
capacity is around 70 96.

Research and Develope-
ment Activities
In 1983, IFE's research activities
were divided between the following
main areas:
- Nuclear power and associated

process control
- Petroleum technology
- Energy conservation/new energy

technology
- Industrial process and material

technology
- Isotope and irradiation services
- Basic research in physics
Nuclear power, isotope technology
and basic research in physics
comprise IFE's nuclear activities
which now represent about 60 % of
the gross turnover, and use about
50% of the state grant. Assignments
in this area meet the authorities
requirements within reactor techno-
logy, health services and basic re-
search. Activities fall mainly within
the nuclear sector, and are operated
according to the guide-lines laid
down by the authorities. This is also
specifically the case for the Haiden
project, which is primarily motivated
by the authorities need to maintain a
reasonable competence in the
nuclear field. At the same time, this
project gives results which are of
great utilitarian value for norwegian
industry in the fields of process
control and data technology.

The three new subject areas -
petroleum technology, new energy
technology/energy conservation
and industrial process and material
technology, are directed towards
industry (the oil industry, energy
intensive industry) and the energy
authorities (the Norwegian Petro-
leum Directorate (NPD), NVE-
Energy Directorate). In the petro-
leum orientated field it has been an
important consideration to have
established a coordination of objec-
tives between IFE and other norwe-
gian research establishments. Parti-
cular mention can be made of new
collaboration agreements between
SINTEF and IFE for the exploitation



of the two-phase experimental loop
at Trondheim, and IFE's initiative in
building up professional and
subject-field collaboration with the
UiO.

NUCLEAR POWER AND
ASSOCIATED PROCESS
CONTROL
The Halden project
IFE's nuclear power work is now
mainly connected with the Halden
reactor, where international collabo-
ration through the Halden project
enables Norway to carry out
advanced research in two central
areas of nuclear power technology.

A large number of organisations
from ten different countries partici-
pate in the present three-year
agreement. The programme is con-
centrated on fuel and safety
research, as well as computer-
based methods for control and
surveillance of reactor installations.

A norwegian state grant provides
about 25 % of the budget for the total
activities. This collaboration is both
technically and economically advan-
tageous for Norway.
The present three-year agreement
runs until the end of 1984, and a new
project programme has been drawn
up for the period 1985-1987. It is
assumed that a continuation of the
Halden project will be agreed upon
for a new three-year period.

The Halden reactor has been opera-
tional for about half of the year, and
about 60 different fuel elements
have been tested. 50 000 tons of
steam were delivered to Saugbrugs-
foreningen. In the course of 1983, the
testing conditions in the reactor
were considerably improved, such
that the reactor core was modified
and its power increased to 20 MW.

The modification resulted in a
doubling of the neutron flux in the
core, and it is now possible to test
prototypes of irradiated and non-
irradiated reactor fuel under various
operational conditions typical for
nuclear power reactors. This impro-
vement of testing conditions has
provided a marked increase in the
volume of assignments.
The project's fuel testing pro-
gramme includes experimental
research and analytical studies of
fuel behaviour under normal opera-

tional conditions as well as in
various accident situations. For such
purposes a special range of instru-
ments has been developed Such
instruments developed at Halden
are used today in a number of other
research establishments and
nuclear reactors.

During 1983, fuel research has been
particularly concerned with the
characterisation of long term effects
with regard to efficiency, operational
safety, and mapping of reliability
and durability in the case of acci-
dents with loss of coolant. This work,
which is carried out in close collabo-
ration with the participating organi-
sations, gives first hand knowledge
of some of the most advanced
computer programmes and fuel
constructions which are under
development in the international
nuclear power industry. A significant
part of the fuel which is tested in the
Halden reactor undergoes further
investigation in IFE's special labora-
tory at Kjeller.

In the field of process control and
surveillance, research work is
directly linked to the use of compu-
ters and colour graphics as tools in
the control room. Even though work
is primarily directed to the nuclear
sector, the "spin-off that has found a
place in other process industries
shows that the problem situations
and solutions are common to
several fields of activity. Work in this
area is to the highest degree inter-
disciplinary. This is important since
the quality of process surveillance
and control is connected both to the
personnel and to the tools available
in the control room.

In 1983 the project obtained a
unique tool, consisting of an experi-
mental control room linked to a light-
water reactor simulator programme.

The programme simulates the
process with a level of detail which
is otherwise only used for the
special training of operators. The
first experiments to be carried out in
this laboratory in the beginning of
1984 will inves'igate the advantage
of analysing alarms before they are
presented to the operator. The
system to be tested will filter out
less critical alarms, and will also
show alarms with the aid of
graphics. A large group of person-
nel are participating in these tests,

including operators from the Halden
reactor.
In 1983, a system was also com-
pleted for the surveillance of the
reactor core and the mapping of
reactor operation. This system is
based on core simulators, the imple-
mentation of which run many times
faster than real time. It is intended to
improve both effectiveness and
secutiry in nuclear work. IFE has
entered into an arrangement with
Statens VattenfaUsverk in Sweden
for the delivery of the system to
Ringhals nuclear power station. It
will be coupled to a pressurized
water reactor and will be implemen-
ted on a Norsk Data computer with
lean full graphic display system, to
the development of which IFE has
contributed.

During 1983 IFE has also collabo-
rated with the norwegian computer
industry on the development of
computer-based surveillance
systems. IFE has participated in
Kongsberg Vapenfabrikk's develop-
ment of the SCADA 80 system
(Supervisory Control and Data
Acquisition), and has been respon-
sible for part of the alarm system.

The collaboration of many years
standing with Norsk Data continues,
and in 1983 was concentrated on the
development and testing of
computer structures for real time
tasks, particularly in connection with
large training simulators and
process surveillance systems. This
work has been connected with the
development of the Halden project's
full scale real time simulation of a
heavy water reactor installation.

On the offshore side, IFE has been
engaged in the specification and
development of a training simulator
for the Gullfaks-A platform. A com-
pany consisting of Norsk Data and
Kongsberg Vapenfabrikk is respon-
sible for the development and
delivery of the simulator, which will
be installed at Statoil's training
centre at Bergen in the spring of
1985. IFE's work is concentrated on
the development of instructor and
communications systems in the
simulator delivery, and is also
involved in the development of the
process model. The simulator is
being built up at IFE's simulation
laboratory at Halden, where it will be
tested before it is installed at
Bergen.



Nuclear power analyses/
nordic safety programme
An important part of the reactor
safety work at IFE is concentrated
on Nordic collaboration projects
under the direction of the Nordic
Coordination Committee for Atomic
Energy (NKA). The projects are
financed by the Nordic Council of
Ministers, and include the develop-
ment of computer programmes for
the simulation of pipe fractures, risk
analyses and analyses of the conse-
quences and measures to be taken
in the event of major accidents. This
competence is also connected to
work with non-radioactive materials
(explosives and poisonous gas) in
collaboration with Det Norske
Veritas.

Radioactive waste
FE carries out the collection, hand-
ling and storage of radioactive
waste, both from its own activities
and from other norwegian users of
radioactive isotopes and materials.

Development work has been con-
centrated on Nordic projects under
the directions of the NKA - inclu-
ding the handling of operational
waste from nuclear power stations.
A catalogue has been drawn up of
Nordic research and development
projects in this field In the course of
the year about 2 m3 mediumactive
waste from earlier research activi-
ties was transported to Eurochemic
in Belgium for treatment.

PETROLEUM
TECHNOLOGY
IFE's petroleum-related R and D
activities are mainly concentrated in
the fields of reservoir technology,
two-phase transport/flow tech-
nology, gas technology, control and
surveillance systems and oil
corrosion.

Reservoir simulation
In the last three years IFE has
worked on the development of a
computer system for reservoir
analysis (DESIRE). The project,
which was carried out in collabora-
tion with Rogalandsforskning as an
assignment from Norsk Data, was
completed in 1983. The project has
made a major contribution to the
fact that today IFE has a well-

developed collection of full field
simulation models and other soft-
ware for the calculation of reservoir
data.
As a part of the DESIRE project, a
programme module has also been
developed for the calculation of
pseudopermeabilities and capillary
functions. In the course of 1983 this
module was added to Statoil's
computational procedures and
installed in the companies
computer.

A major simulation study of the Stat-
fjord field was begun in 1983. This
project, which was earned out for
the NPD, includes further develop-
ment of IFE's simulation models,
development of new software for
processing reservoir data, and data
analysis as well as the reservoir
studies themselves. All software
used in this work will be transferred
to the NPD's ND-SOO installation.

When the project is completed in
1985 the NPD will continue the
studies under its own direction.
During 1983 the development was
started of a so-called basin model.
Such a model makes it possible to
simulate the formation of hydro-
carbons over geological time. In the
course of the year a pre-project was
carried out in which the various
elements in such a model were
analysed, described and compiled.

A special mathematical-numerical
method was also developed for
calculating pressure conditions in
sediments. The work is carried out
as an assignment for Statoil.

A collaboration has also been
initiated with the UiO, which
includes studies of mathematical
methods for the description and
solution of special reservoir
problems. IFE has also run an
advanced course in reservoir
simulation.

Experimental reservoir
analyses
Work in this area includes labora-
tory as well as field research to
improve knowledge of geochemi-
cal, lithological and petrophysical
conditions in reservoirs and petro-
leum source rocks.

In the last couple of years, IFE has
established an important compe-
tence in geology and geochemistry.

Together with its background in
chemistry and special familiarity
with nuclear measurement methods,
tracer technology and isotope
chemistry, this competence has
been applied in the following fields:
- formation and migration of hydro-

carbons in sedimentary basins
- rock properties
- well logging
- the interaction between fluids/

source rocks, flow in porous
media

IFE's laboratory for isotope
analyses is an important resource.
During 1983, the building-up of this
laboratory was supported by Amoco
Norway Oil Company and Texaco
Exploration Norway A/S. Mass-
spectrometric analyses of isotope
ratios in light elements, (C, O, H, etc.)
has been developed to become a
central method for geo-chemical
and geological research. Applica-
tions of the method include migra-
tion of hydrocarbons, maturity
studies, correlation studies, paleo-
temperature studies etc. In 1983 a
number of assignments were
carried out, in particular gas
analyses for norwegian petroleum
companies. An extensive collabora-
tion with other research establish-
ments is relied upon - in particular
the Continental Shelf Institute (IKU)
and UiO.

Tracer technology - the use of
radioactive or other tracer material
to follow the course of physical or
chemical processes, has shown
itself to be a very useful tool in
reservoir technological research.

This is with regard to studies of flow
in porous media as well as chemical
interaction between fluids and
source rock. IFE, in collaboration
with Statoil, has carried out research
into borehole infiltration based on a
tracer method as part of a major
field investigation. Promising results
have also been obtained with the
use of the tracer method for labora-
tory investigation of two-phase flow
in porous media. During 1983 the
building up of a new petrophysical
laboratory was started at IFE.

.



1 IFE's mobile eneigy-conservation
measining service.

2 Pait of the fasl volume weight meter
winch utilizes gamma ray techno-
logy. The devise is being developed
by IFE in cooperation with Texaco
Exploiation Norway A'S and will be
tested on the S1NTEF two-phase flow
loop

3 Pan of the computer installations at
Kjollei

4 Foige Welding of 5" pipewoik.

5 Analyses of Core drillings Measu-
nny resistivity in core samples from
ii leservou in the North Sea.

6 View of the lesearch reactor. JEEP II,
at Kjeller

7 The process-simulation laboratory at
IFE. Halden Used for developing
and testing of communication
.systems - control room layouts and
naming pnnciples for operator
personnel

8 Casting of aluminium bolts at Ardal og
Sunndal Verk A S

9 Industrial products treated m the
IF'E gamma-madiation plant
- Cartons for milk products
- Spices
- Medical equipment
- Conttacting tubes for cabel points

10 Equipment for monitoring redioachvi-
iy in air

11 Scanning microscope Used in parti-
cular foi scanning metal surfaces in
connection with corrosion R and D

12 View of the i eactor hall in Halden.



13. MAGNETIC HOLES
A new promising model system for
basic research studies is being used
at IFE The system consists of mono-
dispersed plastic spheres (a few thou-
sands of a millimeter in diameter) in a
magnetic fluid. Such a fluid is a collo-
idal solution of small one-domain
ferromagnetic particles (typically 100
A in diameter) in a non-magnetic car-
rier fluid like water or paratin
In an external magnetic field the
holes formed by the spheres will
apparently have a magnetic moment
The "magnetic holee" thus formes an
interchanging multi-body system This
is a promising system for studying
various collective phenomenas like
crystallisation and melting. The
system may also be used as modu-
lating monochromators for light
waves, microwaves and possibly
neutrons. The photos taken throucfn
a microscope shows how the spheres
arrange themselves in a thin liquid
film Subjected to an external
magnetic field parallell to the film
plane, the spheres arrange them-
selves in long parallell chains (a) by
mutual attraction. If the field is at right
angel to the plane, the spheres lepel
eachother and form a regular triangu-
lar lattice (b).



Two-phase transport
There are major technical and
economic advantages in a correct
analysis and understanding of
various transport phenomena in
connection with the transport of
untreated oil/gas mixtures over long
distances, with strongly varying sea-
floor topography. IFE has therefore
worked on the development of
systems and components for two-
phase transport of oil and gas, which
are central to the developing of
production and transport systems
for deep sea installations. This is
considered to be an increasingly
important area for collaboration with
the norwegian petroleum industry.
In 1983 IFE completed a major
assignment for Statoil which
involved the development of an
analysis/calculation programme for
oil and gas flow in horizontal, slan-
ting and vertical pipelines.
IFE entered into an agreement with
S1NTEF during 1983 for joint work on
a research programme connected
with the two-phase installation at
Trondheim. IFE's efforts will mainly
include the development of two-
phase computer programmes. The
project will extend over a three year
period 1984-86, and will be financed
by a group of oil companies.
IFE has worked for some time on
the development of instrumentation
for two-phase flow. The first part of a
project for Texaco has as a goal the
development of an instrument which
can monitor conditions of two-phase
flow in offshore pipelines and riser
pipes. The method is based on the
absorption of gamma rays in the
volume of an oil/gas mixture. The
instrument has been tested in the
laboratory under static and dynamic
conditions, and results show that the
volume fraction of gas can be
measured relatively independently
of the flow pattern. In another part of
the project the instrument will be
further developed for application in
the field The concluding experi-
mental investigations under
dynamic conditions will be carried
out at the two-phase flow installation
at Trondheim.

Large scale gas
measurement
Work during 1983 was largely
connected with the development of
more satisfactory methods for
volume measurement of large gas
flows under high pressure, and with
the activities of the International

Standards Organisation (ISO).
Volume determination of natural gas
is based on a series of measure-
ments of which each is of consider-
able significance for the accuracy of
the final results. IFE has selected a
number of areas where a leading
competence has been gained, such
as in the field of calibration techni-
ques, in the measurement of both
gas flows and gas density.
In 1983 IFE assisted Statoil with the
analysis of special features of the
proposed research installation at
Karsto. Here control and testing of
full scale measuring equipment will
be possible.

Surveillance and control
system
These activities aim to develop
surveillance and control systems
with inbuilt "intelligence" which will
become new commercial products.
Development work is carried out in
a close contact with industrial part-
ners and users. The background for
the activity is IFE's long-standing
process control work for norwegian
industry.
During 1983 IFE entered into an
agreement with the american
company CRC Bethany, regarding
certain model work and services in
connection with the delivery of a
real-time surveillance system for the
Statpipe pipeline system. Other
assignments include: a pre-project
for Statoil for the development of a
comprehensive DAK system for
process control, and a new gas puri-
fication system from Norsk Vifte-
fabrikk was analysed with a view to
optimum formulation

Oil corrosion
Research and development work in
this field is focussed on "internal
corrosion" - that is, attack on the
hydrocarbon side, and is particularly
linked to pipes and other compo-
nents which operate at high pres-
sure and high flow rate. These inve-
stigations are done in three high
pressure loops.
A test loop is used for the investiga-
tion of inhibitors, the aim of which is
the development of improved inhibi-
tors, particularly with a view to
chemical stability in well environ-
ments at high pressure and corro-
sion protection effective at high flow
rates. Inhibitor research is carried
out in collaboration with a norwegian
producer. Research during 1983 has

largely been directed to investiga-
tions of the stability of possible new
inhibitors at high pressures and
temperatures.
Oil and gas wells often carry a
carbonic acid'- water phase, which
can be strongly corrosive to steel at
high pressure. The project "Kjeller
Sweet Corrosion", which aims to
map the effect of water-phase
containing CO2 under high pressure,
is carried out for five oil companies.
Material quality, flow conditions, and
CO, partial pressure are the impor-
tant variables. It is known that steel
with small chemical variations can
increase the corrosion rate by a
factor of approximately two. It is
further known that the connection
between increased flow rate and
increased corrosion rate varies with
the steel type.
In the course of 1983 IFE built up
and modernised a laboratory of an
area of 350 mz for petroleum techno-
logy research work. According to
the plan, the laboratory will house
various types of research equip-
ment and installations such as a gas
purification plant for studies of
absorption and desorption of pollu-
tant in natural gas, and a high pres-
sure flow loop for studies of
corrosion under simulated well
conditions.

Gas Technology
In collaboration with Statoil, IFE has
started the construction of a
research loop for gas purification
which will simulate the purification
loop at the Karst0 terminal
With support from the Norwegian
Industrial Association, a Nordic
collaboration project was started in
1983 on high pressure gas extrac-
tion. IFE's efforts are concentrated
on the extraction of hydrocarbons
from solid porous materials with
supercritical CO2. This is of rele-
vance both for reservoir technology
(treatment of reservoir materials,
miscible fluids expulsion) and the
regeneration of sorbents and cata-
lysts in the chemical and petro-
chemical industry.

ENERGY CONSER-
VATION/NEW ENERGY
TECHNOLOGY
IFE's work on the mapping of energy
conditions in various branches of in-
dustry has proven the existence of a
significant potential for reducing

8
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energy consumption through conser-
vation measures.
Industry is chosen as a target for
practical energy conservation
measures because such activities
naturally link with IFE's other market
for services. Against this back-
ground, IFE in 1983 entered into a
collaboration agreement with Kjel-
foremngen. Kjelforeningen will
undertake the consultancy side of
work, while IFE will be responsible
for the research side in the develop-
ment of new energy economy tech-
nology - that is to say, new energy
effective processes and products.
During 1983, with assistance from
the OED, IFE established an energy
technology measuring service for
prototype installations. The following
projects were earned out: measure-
ment and evaluation of an inte-
grated solar heating system with salt
hydrate storage in a service
building for Indre 0stfold Dairy;
analysis of energy economy
measures at Tromsosund Dairy and
at The Namdal Dairy, efficiency mea-
surement of a heat pump installation
at the Stentor plant in Alvdal; and
development of a new energy
effective glass furnace at Magnor
Glassworks. In the case of the
dairies it has been shown that 20-
25 % of the annual energy consump-
tion can be saved by a very reason-
able investment. The annual saving
for the two dairy plants investigated
is in the region of NOK 250 000-
500 000. The new glass furnace at
Magnor is operated with a 33 %
lower energy consumption. At the
end oi the year IFE started building
up a more comprehensive energy
economy project for large and
medium sized plants. This is intended
for the food, timber, foundries and
plastics sectors.
In the course of the year two com-
prehensive mappings were carried
out of energy consumption in norwe-
gian industry: energy economy in
general, and energy economy in the
mechanical industry in particular.
The first investigation was carried
out in collaboration with Kjelfore-
ningen. Results show that energy
consumption per unit produced
(calculated in tonnes) was reduced
by approximately 12 % during the
period 1976-1982.
Another main target for IFE's activi-
ties in the energy economy field is a
contribution to rational and effective
energy planning. IFE applies its

competence in computer techno-
logy and system simulation to deve-
lope suitable planning tools. In 1983
the following projects were carried
out: a heating plan for Troms Kraft-
verk (Tromso town) and for Akers-
hus Energiverk (divided between
Skedsmo, Larenskog and
Raslingen).
In the field of new energy systems/
new energy technology, an impor-
tant goal is to supply the energy
authorities with analyses of new
energy systems which can become
viable in Norway. IFE has entered
into a collaboration agreement with
the NVE-Energy Directorate to
direct activities to common national
goals.
In the wind-energy field IFE's
contribution has been particularly
direct to the localisation of a possible
prototype wind powerplant It has
also assisted the NVE in working out
estimates and evaluating tenders
received for a prototype. A decision
on the possible building of such a
plant in Norway is expected during
1904.
In ihe solar energy field, further
efforts were directed during 1983 to
the measurement of solar energy flux
anc energy technological measure-
ments in connection with solar
healing panels. IFE now has three
fully automated stations in operation
for the measurement and recording
of innolation. These "Sun trolleys" are
located at the airfields at Garder-
moen, Sola and Boda

INDUSTRIAL PROCESS -
AND MATERIAL
TECHNOLOGY
In the field of mathematical process
models IFE is contributing to the
development of mathematical
models for industrial process tech-
nology. ;3uch models are an impor-
tant tool for the development of
better process equipment and more
effective operational arrangements,
among others in the energy inten-
sive industries.
In the field of "industrial mathema-
tics" IFE took the initiative to coordi-
nate the needs of industry for
mathematical models. Individual
long term development program-
mes were started with the participa-
tion of several industrial units.
Among the current model develop
ment assignments in 1983 were: the
development of a three dimensional

model of the electromagnetic and
thermal conditions in Soderberg elec-
trodes for Elkem; the development of
two dimensional elasto-plastic mo-
dels for continuous casting for Elkem,
Norsk Hydro and ASV. A mathemati-
cal model of the thermal conditions
in a stepwise ingot furnace was made
for Mefos in Sweden. A model of the
heating of steel brams in induction
furnaces was delivered to the same
client.

As part of the development work in
"industrial mathematics", IFE colla-
borates with the Institute of Mathe-
matics at the UiO. It is planned among
other things that IFE should hold an
advanced course in Industrial
Mathematics at UiO.
The "mathematical camera" - also
called mathematical tomography -
is a conceptual basis for several
interesting future products. It entails a
generalising of the concept of mea-
surement such that the primary mea-
surements are combined with an
"inverse" model of the process.
Under certain conditions, an
approximately complete picture of
the internal conditions in a process
can be obtained. The method has
already given interesting results for
special applications in the petro-
leum sector (Statoil).
In the process chemistry field, work
continues on the development of
isotope technological methods
within the process industries. Such
methods are applied among others
in research in bulk transport, studies
of mixtures, and detection of
leakages etc. An investigation into
wear and tear on mechanical com-
ponents with the aid of so-called
"thin-film activation" was carried
out for Kongsberg Vapenfabnkk
with very good results. During the
first half of 1983 process develop-
ment for I/S Anortal was completed
and the research installation
dismantled.

On the materials technology side,
efforts have been directed in parti-
cular to problems in connection with
ammonia stress corrosion and the
development of welding and joining
techniques. Ammonia stress corro-
sion causes fracturing in steel
storage and transport tanks for
ammonia. IFE has developed a
special test method which has
shown itself to be suitable for
studies of this type corrosion.



The method has been used in an
assignment over a three-year period
1981-83. At the end of the year IFE
started a further project supported
by chemical industry in Europe and
the USA. The project aims to find out
why water inhibitors work on corro-
sion attack in liquid and steam
under conditions of temperature
change.
Advanced welding and joining tech-
nology has always been a central
area of activity for IFE. It has its foun-
dation in the production of equip-
ment and components in a number
of sophisticated metals, alloys and
materials for IFE's research reactors.
Methods that are particularly
employed aie high-temperature
soldering and electron-beam
welding. In the course of the year
IFE, in collaboration with AMR Engi-
neering A/S, started development
work on a new welding method
called forge welding. This method
is characterised by the fact
that welding is earned out in solid
phase, and the joining itself takes
place by the combined effect of
deformation and diffusion. The
method has great potential for appli-
cation both in the petroleum industry
and in land-based industry. The
method is rapid, it can be auto-
mated, and is especially suited for
example in the laying of pipelines in
deep water. From the Autumn of
1983 Statoil contributed a significant
part of the finance for this develop-
ment work.
IFE's mechanical workshop has an
important supportive function in
many of the development projects. It
also carries out special production
tasks in providing experimental
equipment for the research reactor.
The central workshop also under-
takes special production tasks and
supplying of prototypes for industry.
For instance, during 1983, a core
sample scanner was produced for
Geco.

ISOTOPE AND
ERRADiUTON SERVICES
The isotope laboratories activity
includes the provision of isotopes,
irradation technology assignments
and the development of new
products and application methods in
the field. IFE fulfills trie require-
ments for products and services for
a range of clients within industry,
medicine and research. The annual
turnover of products and services in

1983 was approximately NOK14 m.,
which includes exports so far as
these are practical and economic -
mainly to other Scandinavian coun-
tries. The export quota at present is
around 27 %.
IFE's isotope services include the
supply, control and distribution of
radioactive Pharmaceuticals, chemi-
cals and irradiation sources. The
main part of the supplies of such
radioactive products are for the
nuclear medicine departments at
hospitals and medical-biological
research laboratories in Norway.
Radioactive pharmaceutical prepa-
ration kits for the supply of radio-
active Pharmaceuticals are the
largest product group. Such pharma-
ceuticals are largely used for
diagnoses in organ function studies
and organ visualisation. In close
collaboration with the hospitals, new
radio-pharmaceuticals are deve-
loped as well as existing prepara-
tions improved. In the course of the
year a new product "3-iodinebenzyl-
guanidin-13'-l" which is mainly used
in the investigation of tumours of the
adrenal gland medulla was deve-
loped and put into production.
Further, a new and more stable
preparation kit has been marketed,
which is used in the investigation of
the skeleton. A new model of IFE's
T'''Tc generator has been deve-
loped, and in close contact with
norwegian nuclear medical specia-
lists a development project has
been initiated with the aim of
bringing out a completely new
group of radioactive pharma-
ceuticals.
Irradiation activities include the use
of the research reactor JEEP II and
the irradiation installation. Irradiation
in JEEP II produces radioactive
materials for further production of
radio-pharmaceuticals and radio
chemicals under its own direction, as
well as tracer material and irradiation
sources for use in industry and
research.
A special branch of irradiation tech-
nology is carried out to a conside-
rable extent for industrial producers
of semi-conductor materials. Super-
pure silicon crystals are given, by
neutron activation, an evenly distri-
buted content of phosphorus atoms
which have the effect of optimising
the material's electronic charac-
teristics.
Gamma irradiations are based on
the ionising radiation from a 60Co-

source. Gamma irradiation does not
cause radioactivity in the materials
which are treated The irradiation,
however, has the effect of releasing
electrons from the atoms in the
materials irradiated, and this can be
used to control bacteriological
activity, for total sterilisation or
chemical influence of organic mate-
rials. The dose size is determined
by the effect to be obtained. Client
groups include the packaging indu-
stry, producers of medical equip-
ment, the plastics industry, and, re-
cently the food industry. In 1983
the plant was officially certfied by
the health authorities for the treat-
ment of foodstuffs with ionising
radiation. A current activity is the
irradiation of pepper, and in 1983
about 50 tonnes was treated for deli-
very to the food industry. Products
include pepper, ginger, cloves,
cinnamon, onions, dill, paprika and
other dried vegetable flavouring
agents.
The research reactor JEEP n is the
country's only installation for strong
neutron irradiation. It is thus a
national resource for research,
development and production in
several fields. The reactor is used at
present for the following purposes:
- neutron physics
- irradiation activities
- isotope supply
- neutron activation analyses
- tracer application
- neutron radiography
The reactor was in continuous
operation in 1983 except for planned
stop periods for maintenance work
and holidays. In the course of the
year the fuel strategy for the reactor
was modified. This will improve
the exploitation of the fuel

BASIC RESEARCH IN
PHYSICS
Activities within basic research in
physics are largely based on the
use of neutron beams from the JEEP II
reactor for research into the struc-
ture and dynamics of solid and
liquid materials. Research activity
has a broad contact network with
norwegian and foreign research
groups. Within Norway, IFE collabo-
rates in particular with the Chemistry
and Physics Departments at UiO and
similar departments at NTH.
In a collaboration project with Norsk
Hydro and Rise Fors0gsanlaeg in
Denmark, the use of magnesium as
a suitable medium for storage and
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transport of hydrogen has been
investigated Transport in the form of
magnesium hydride appears to be a
technologically and economically
advantageous method
The combination of two different
technologies, monodisperse
polymer particles with a diameter of
several micrometers (a new norwe-
gian products) and a magnetic
ferro- fluid, have led
to the development of a new
concept The possibilities for the
manipulation of particles with an
external magnetic fields to various
regular structures can, in addition to
their relevance to basic studies, also
have an interesting potential to
technological developments.

SPECIAL INSTITUTE
FUNCTIONS
IFE's Safety committee monitors the
operation of all IFE's installations
and laboratories. The committee
carries out safety clearance of
experiments, alterations concerning
operational staff and procedures,
and rebuilding and operation in the
nuclear and non-nuclear installations
and laboratories. The safety
committee is the advisory organ to
IFE's management in safety matters,
and ensures that the conditions and
terms laid down by the authorities
(Nuclear Energy Safety Authority,
State Institute for Radiation Hygiene,
Labour Inspection etc.) are fulfilled
In the course of the year there were
no operational incidents of signifi-
cance from a safety point of view
either to IFE's personnel or its instal-
lations. Routine checking by the
radiation services shows that the
radiation dose to which staff are
exposed is well below the permis-
sible limits for occupational expo-
sure. The radioactive material
released from IFE's installations is
very small indeed and of no environ-
mental significance. The results of
measurements are submitted to the
authorities.
The laboratory for environmental
monitoring is specially equipped to
detect small amounts of radioactive
contaminants in the environment,
and collaborates with institutions in
Norway and abroad During 1983IFE
continued its countrywide monito-
ring of radioactive fallout which it
began in 1982 as an assignment for
toe Norwegian Defence Research
Establishment The monitoring inclu-
des testing of air, precipation and

milk from four stations. As a part of a
Scandinavian radiological collabora-
tion, IFE carries out research along
the r>oi vvegian coasts and in toe
arctic waters. This work is also
important for the IAEA coordinated
research programme for studies of
radioactivity in the Baltic in which
IFE participates.
All nuclear materials in Norway are
subject to the safety regulations of
the IAEA. Through its accounting
and reporting system, IFE admi-
nisters the IAEA's inspection routine
in Norway. IFE supplies toe authori-
ties with expertise in questions and
situations related to toe safety and
control of nuclear materials. In
accordance with an agreement with
the government IFE is toe national
agency for safety of nuclear mate-
rials in Norway. The routine contact
with toe IAEA's safety control
system and IFE's administration of
safety control in Norway continued
during 1983.
IFE also assists the authorities with
general nuclear energy questions.
This is particularly in connection
with norwagian participation in toe
IAEA and OECD Nuclear Energy
Agency. IFE has assisted in discus-
sions on a new collaboration agree-
ment with the USA in toe nuclear
energy field, which were completed
during 1983, and has participated in
laying down the conditions for
norwegian ratification of a conven-
tion on toe physical protection of
nuclear materials.
IFE's main library, in addition to its
professional functions - is also a
reference library for nuclear techno
logy and research orientated
energy literature. It therefore also
serves an important circle of
external clients. The library main-
tains the central publication files for
IFE. The transfer to an EDB cata-
logue system based on the
POLYDOC programme was begun
in 1983.
Under an agreement between the
norwegian authorities and the US
energy department on toe
exchange of energy documentation,
norwegian literature in the field is
monitored and referred for use in
such publications as Energy
Research Abstracts. The project was
financed by toe NTNF in 1983.
Norwegian energy projects were
fed into toe catalogue of energy
projects of the Nordic Council of
Ministers, which is distributed in

Norway as an assignment for toe
Council. Both toe literature referred
to, and project descriptions are
entered into toe database Nordic
energy index

PERSONNEL
At New Year 1983/84 IFE had a total
staff of 503 - 309 at Kjeller and 194
at Halden. Altogether 24 persons
resigned and 22 joined during the
year. Of toe personnel as a whole,
140 have university or college quali-
fications and about toe same
number engineering qualifications.

ECONOMY
The continuing adaption process at
Kjeller towards more petroleum and
industry related activity was carried
further during 1983, and toe extent of
contract research developed positi-
vely. Accounting results for activity
at Kjeller were satisfactory, and
slightly better than estimated in toe
budget
For toe Halden project, activity has
been approximately as predicted in
toe budget The collaboration
programme shows an approximate
balance, while toe associated
assignment work shows a loss. This
was largely due to expenses
incurred in 1983 on which toe
respective return v.v'l appear in 1984.
Assignment activities employ about
SO persons, and are increasingly orien-
tated towards norwegian petroleum
activities and industry, but with a clo-
se coordination from the subject and
resource point of view with toe inter-
nationally established programme.
Operational income totalled NOK
152 million of which 94 million was
from activities at Kjeller and 58 million
from Halden. IFE's own earning po-
wer for 1983 was about 60 %. This is a
high proportion taking into account the
infrastructural costs particular to IFE
(safety evaluation, radiation protec-
tion, physical security, security and
control of nuclear material, treat-
ment and handling of radioactive
waste). The income situation is toe
same as in previous years. Keeping
basic research in physics and IFE's
particular infrastructural costs aside,
toe earning power was approxi-
mately 70%.

IFE's earning power in toe four year
period 1980-1983 increased by NOK
26,8 million from NOK 64.9 million in
1980 to NOK 91.7 million in 1983.
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