
te" j 

^ W 



Contents: 
Statement frem the Board 
Introduction page 2 
The Halden project page 3 
Petroleum technology page 4 
Industrial process and 

materials technology page 7 
Energy systems and 

energy conservation page 8 
Isotope and irradiation services page 8 
Basic research in physics page 9 
Special nuclear IFE functions page 9 
Personnel page 10 
Finance page 11 

Accounts and Balance 
The annual accounts of the Institute with 
Balance sheet and Notes to the Accounts from 
the Auditor General is published in the 
Norwegian version of the Annual Report, 
1986. 

Publications 
A representative list of external work reports 

and publications is included in the Norwegian 
version of the Institute's Annual Report for 1986. 

IFE's Boatd, 1986 
Henrik Ager-Hanssen, Ass. Managing Director, 

Statoil, (Chairman). 
Ingrid Alfheim, Dr.phil., Technology 

International Exchange; Norway. 
Kjell H. Bendiksen, Drsnent., IFE. 
Egil Bergsager, Director, GECO A/S. 
Erling Diesen, Managing Director, 

Buskerud Energy Works. 
Ole H. Lie, Director, Norsk Hydro xs. 
Johan M. Aasgaard, Research Eng., IFE. 

Directors 
Nils-Godtfred Aamodt, Managing Director. 
Jon Olav Berg, Technical Director. 

Depaiternents/Heads of Departements 

CHEMISTRY AND GEOLOGY 
Bjørn Gaudernack. 

ISOTOPE TECHNOLOGY 
Ulf Been. 

MATERIALS TECHNOLOGY 
Knut Lunde. 

PHYSICS 
Tormod Riste. 

RESERVOIR- AND FLUID FLOW 
TECHNOLOGY 
Jan Nitteberg. 

SYSTEMS TECHNOLOGY 
Kjell O. Rolberg. 

ECONOMY 
Rolf Lingjærde. 

THE HALDEN PROJECT: 
Torbjørn J. Vik, Project Manager. 
Amund Hanevik, Dep. Project Manager. 
Kjell D. Knudsen, Ass. Project Manger. 

Computerized Man-Machine: 
COMMUNICATION 
Helge Smidt Olsen. 

PROCESS CONTROL - INDUSTRIAL 
APPLICATIONS 
Magnus Øvreeide. 

REACTOR OPERATIONS AND 
ENGINEERING 
Tor Hemes. 

REACTOR FUEL PERFORMANCE 
Erik Kolstad. 

REACTOR EXPERIMENTS AND 
INSTRUMENTATION 
Carlo Vitanza. 

Henrik Ager-Hanssen, A ssistem Managing Director, 
Statoil 

NilsJjodtfivd Aamodt, Managing Director. 
Olav Berg, Technical Director. 



Statement from 
the Board, 1986 
Introduction 

Each in its own way the fall in oil prices 
and the Chernobyl accident presented new 
challenges fer die staff of die Institute for 
Energy Technology (IFE). As a research 
institute serving industry and the public 
audiorities, with main emphasis on die 
technical aspects of energy and nuclear 
technology we have demonstrated that our 
specialized areas in petroleum research fields are 
topical also when oil prices are low. Similarly, 
our competence in die field of nuclear energy 
proved to be an important and timely resource 
for die Norwegian audiorities in their 
handling d the situation after the nuclear 
power plant accident at Kiev. This competence 
will also play a vital part in the country's 
future state of preparedness tor emergencies, 
particularly in respect of safety technology and 
analysis and assessment of radioactive pollution 
in die environment. 

The Institute has in 1986 adhered to die 
basic strategy of utilizing, further developing 
and adapting nuclear-based specialities to new 
areas of application. This has so far been a 
successful approach which has brought the 
Institute recognition and opened up market 
areas of considerable interest. 

Furthermore die expertise built up in die 
international Halden project has systematically 
been utilized by die Institute for a number of 
assignments related to information technology. 
In this field Halden has developed a nation-
leading research competence in respect of 
computer-based systems for the monitoring 
and control of complex energy plants and 
industrial processes. 

Assimilarion of new knowledge from 
international research circles and development 
of Norwegian competence through inter
national research collaboration have for several 
years been important prerequisites in assuring 
our clients of the high professional quality of 
the products and services we provide. Through 
the Halden project, IFE has established 
important international contacts. Tap qualified 
Norwegian professionals work side by side 
with specialists from leading international 
technological circles. In this way. die Halden 
project, which has demonstrated its ability to 
be in the forefront for nearly 30^years, fulfils 
the most important criteria for fruitful 
international research cooperation. 

In conjunction with the o d w major 
research institutions in die Kjeller ana -
Forsvarets fonkrungsirBUtutt (FH) (the 
Norwegian Defence Research Establishment -
NDREjand Televerkets ibrskningsinsututt 
(the Telecommunications Authority's Research 
Institute) (TF), IFE is in favour of measures 
Uiat can strengthen research and training circles 
acKieUer.b 1986, these three inanitions 
made an agreement with the University of 
Oslo (UrO) on establishment of a separate 
institution for higher technological studies at 
Kjeller (UNIK). These activities will 
commence in the present year, funded by die 
Ministry of Cultural and Scientific Affairs. The 
first course of study diat wiD be provided 
relates to industrial niatrienutics and heit iFE 

has played a major part during the planning 
phase. Cooperation between Oslo University 
and IFE was further strengthened in research 
areas such as flow physics, material technology, 
geology and reservoir techniques, in 1986. 

Measured in gross turnover the resources 
available in 1986 were spread approximately 
equally over die main nuclear areas (reactor 
technology/fuel technology, isotope/irradiation 
services and basic research) and areas that 
include industrial and oil-relassd projects. 
When dividing the government grant for 1986, 
priority was given to the Halden project, 
JEEP-S operations, physics research, isotope 
development and associated nuclear functions 
(safety, waste). The amount allotted to the 
Institute, in fixed value, for building up 
competence and equipment for die industrial 
and petroleum-related sectors, has in recent 
years dwindled in importance. In 1986 it was 
about NOK 18 million, roughly 35% of the 
government grant to Kjeller. 

On die other hand, the revenues from 
these sectors accounted for over 60% of 
Kjeller's income from commissioned work. 
The principles followed by the Ministry of 
fttroleum and Energy widi regard to public 
funding for IFE's nuclear and non-nuclear 
activities have served as the guideline for the 
restructuring and development of the 
Institute's activities in recent years. In 
Proposition No. 1 (1986-87) to the Storting the 
Ministry of IrVtroleum and Energy refers o > 
IFE's high earnings on commissioned 
assignments connected widi its non-nuclear 
activities (approximately 80%), saying thai the 
intentions underlying reorganization of IFE 
have largely been realized. These and other 
earnings total apprtwimately 70% of the total 
activities. 



The Halden project 
The basic premises for ZFE's engagement 

in the Halden project are that the Norwegian 
authorities wish to maintain national 
competence in the field of nuclear energy, 
while at the same time the programmelays the 
foundations for comprehensive development 
work in computer technology that is of great 
value to Norwegian industry. The Halden 
project's technical programme concentrates on 
the following two main areas: 
- Fuel technology, with special emphasis on 

operational reliability and safety. 
- Information technology, concentrated on 
computerized process supervision and control 
systems. 

Foreign signatories to the Halden project 
represent research establishments, govern
mental agencies, power companies and 
industry. This gives Norway broad contacts 
with leading nuclear energy circles, and ensures 
Norway's ability to maintain current insight 
widi regard to safety technology developed by 
other nations and to make competent 
appraisals of international nuclear energy 
developments. As a result of the Chernobyl 
accident there will be greater international 
cooperation on reactor safety in years to come 
Through the international project at Halden, 
Norway has good possibilities of participating 
actively and influencing the new initiative 
which will be launched by the International 
Atomic Energy Agency (IAEA) and OECD's 
Nuclear Energy Agency (NEA). Thus, 
Norway will be able to support international 
progress in safety technology. For Norwegian 
environmental policy, the Halden project 
represents a resource for maintaining and 
further developing Norwegian insight and 
competence in the vital fields of nuclear power 
technology mat will be topical in connection 
with our own national state of preparedness for 
any future nuclear accidents. 

Fuel • and instrumentation 
technology. 

Today the Halden project represents an 
internationally leading research unit in fuel 
technology. The special d-dgn of the Halden 
reactor and highly sophisticated and specialized 
instrumentation technology make it possible 
to perform very advanced fuel experiments. 
Besides serving as the main tool for the 
experimental programme, the plant is run as a 
heat generating reactor. This yields current 
experience in most aspects of the operation of a 
nuclear power plant. 

The reactor was in operation for more 
than seven months of the year. Some fifty 
different fuel designs « r e tested. The reactor 
aeneraed 110,000 tons of steam, which was 
delivered to Saugbrugsforeningen (a paper 
mill). In connection whh die Chernobyl 
accident, die project's health physics 
department assisted governmental authorities 
and private persons with investigations and 
tesane services. 

The paramount object've of fuel research 
at Halden is to produce experimental data dut 
will increase insight into die fundamental 
bctorsaAxtingUKreliabu^ryofthefuelurKler 
various operational conditions, and to obtain 
data for developing and qualifying analytical/ 

empirical calculation models of fuel behaviour. 
In this field die project has for some years been 
making considerable contributions to die 
development of advanced nuclear fuel. 

Joint programme activities are increasingly 
being directed towards defining long-term 
effects that may influence the fuel's operational 
reliability. The reason is that operational 
conditions in nuclear power plants change, 

dy because of a desire for greater operational 
lility (load following), but mainly because 

higher total utilization ofthe fuel may be 
achieved by a longer irradiation period in the 
reactor. To follow up these progress trends, a 
special test loop was installed in the reactor in 
1986 for studying conditions affecting 
corrosion of fuel rods. This test loop is 
expected to become a main tool in the further 
research programme. 

The Hal en project collaborates with a 
number of professional circles and govern
mental/private research establishments whose 
needs and orders of priority vary as regards 
research and development in the nuclear power 
sector. Individual tests and more extensive 
experimental studies are therefore being carried 
out bilaterally, with the aim of meeting needs 
and serving problem areas for the various 
member organizations. These bilateral 
collaboration agreements are a very valuable 
supplement to the joint programme 

Much of die fuel tested in the Halden 
reactor is produced in the Kjeller laboratories, 
and later returned there for subsequent 
examination. This activity is very important 
for effective completion of the extensive long-
term fuel studies taking place at Halden. 

Interest in utilizing the Halden project's 
special competence in instrumentation 
technology is growing rapidly. For instance, in 
the nuclear power context 1FE delivered a level 
gauge based on heated thermoelements to 
KEMA. The method was developed in Japan 
and die contract was the result of cooperadon 
among organizations in dtree countries. 1FE 
also suppled KEMA with detectors for 
examining fuel rods outside the reactor. 

An interesting cooperation project is 
presendy being conducted with the Norwegian 
aluminium industry with regard to measuring 
temperatures in electrolysis cells. An instru
ment has been developed for measuring heat 
flux through the side wall ofthe pot, and the 
first measurements have been taken with 
promising results: Such measurements may 
possibly help to determine the formation and 
extent of hardened electrolyte on the inside of 
die wall, which is vital to the funcuoning of 
the cell. Work is also proceeding on the 
installation of thermoelements in or on one of 
die current leading steel bars at the bottom of a 
cell Model calculations ai Kjeller indicate that 
diis mediod may permit more continuous 
measurement of the temperature in the melt, I 
which would be of gnat importance in actual 
operation ofthe pot. 

To the Norwegian offshore industry IFE 
supplied inductive sensors for indicating die 
positions of valves and hydraulic pistons, 
instruments tha form part of equipment in 
sub-aea facilities. 



Information technology. 

The Halden project research programme 
for supervision and control systems brought 
the Institute into the forefront internationally 
with regard to computerized process super
vision and control. To a large extent design and 
execution of our international research 

Krogramme is determined by the needs of 
forwegian industry in this field. 

Of prime significance in our development 
work is the advanced experimental control 
room which is connected to a full-scale 
simulator of a nuclear power station of die 
pressurized water reactor type. In 1986 this 
simulation laboratory was upgraded with two 
specialized computers for developing what are 
called knowledge based systems (expert 
systems) connected to a supermini computer. 
This makes it possible to develop and test new 
systems for analyzing irregularities in processes. 

In 1986 the experimental control room 
was used for comparative studies of alarm 
systems based on conventional alarm displays 
and systems developed by die Halden Project 
which are based on a colour screen display. 
This system eliminates alarms that are 
irrelevant to the current plant status, so 
reducing die volume of information reaching 
the operator. 

Cooperating with the Central Electricity 
Generating Board in Great Britain, we 
completed a major study of systems based on a 
combination of conventional instrument 
panels and colour screen displays of process 
information. 

In 1986workwasalsodoneonamajor 
computerized system designed to assist 
operators under irregular operating conditions. 
Among other tilings we developed a module 
for early detection of irregularities, an expert 
diagnosis system to find causes, and a module 
whereby the operator is led through the 
procedures that must be followed in order to 
bring the process back to an acceptable state. 

In Nordic cooperation a project has been 
started to specify an information system 
designed for use in emergencies, such as major 
disasters in nuclear power stations, chemical 
plants or offshore petroleum/gas facilities. The 
objective is to provide die necessary 
information for those agencies who are 
involved in tackling the emergency. Such a 
system would also be a very valuable tool in 
connection with training in preparedness for 

The central module for the nuclear super
vision system SCORPIO had previously been 
delivered to all three pressurized water reactors 
at the Ringhab plant. This facilitates better 
planning of plant operation. In 1986 we 
specifiedana programmed a supervision 
module for SCORPIO whereby, the system is 
directly connected to the reactor insuumen-
tation so at to supervise operating conditions 
irt the reactor core mow continuously and 
accurately. The module will be installed at the 
Ringhals \torks in the spring of 1987. During 
1986 we aho concluded an agreement with 
Duke Power Co, USA. to deliver » 
demonstration SCORPIO system for use in 
OIK of their pressurized water reactors. 

Another assignment worth mention in 
1986 was the asastancejpwn to the Italian 
institute of energy, ENEA, in aæssing the 

proposed control room layout for a planned 
boiling water reactor. The work consisted of 
prescribing modes of procedure and the criteria 
for evaluating a control room based on both 
conventionaiinstrumentation panels and 
display-based information systems. 

During the year IFE participated in 
preparing a training programme commissioned 
by Statoil for the Gullfaks "A" platform 
simulator developed by IFE, Norsk Data (ND) 
and Kongsberg Våpenfabrikk (KV). Certain 
changes and updatings were also made on the 
simulator, owing to platform systems being 
altered. 

Norcontrol Simulation, a subsidiary of 
KV, and IFE are developing a training 
simulator for die Oseberg "A" platform. By 
the end of 1986 all simulator sub-modules had 
been developed ready for linkup. After 
integration and testing in IFE's laboratory at 
Halden, the simulator will be delivered to 
Hydro's training centre at Sandsli in the spring 
of 1987. 

The Norwq*ian Research Institute for 
Electricity (EFT) and IFE have prepared 
specifications for an operational planning 
simulator for the Norwegian Power Pool. 
Other assignments for Norwegian industry 
include consultancy services in reorganizing 
the control room of the power grid operations 
centre at Smedstad. A similar project was 
carried out for Hydro's N a 3 fertiliirr plant on 
Herøya, and for Statoil we completed a 
preliminary project connected with 
reorganization of the control room for 
I/S Norpolefin, Bamble. 

Petroleum 

During die development of IFE's 
petroleum activities the main policy has been 
to find new uses for nuclear-based specialized 
competence in important areas of petroleum 
research. This yielded results of great practical 
value to the oil industry and to the authorities. 
Even in the present situation with low oil 
prices, our specialities are highly relevant, since 
they ate related to efficiency and cost-cutting in 
vital areas of the exploratory and the develop
ment/production phases, IFE's work in the 
petroleum sector is concentrated on selected 

sirtechnolof 
- Exploration techi _ 
• Multi-phase technology 
- Gas technology 
• Control and supervision systems. 

Reservoir technology 
IFE'sspecializedareas include experi

mental and theoretical reservoir description 
methods, mathematical simulation models and 
nuckar-based measuring methods for flow 
studies on both laboratory and field scale. 

A considerable part of our work takes 
place within the framework of a long-range 
government programme for enhanced oil 
production and reservoir techniques (SPOR), 
IFE being responsible for reservoir 
desaipriWoptimal utilization of daufSPOR-
OPTJ. In 1986 this work comprised 
mathematical modelling and experimental 
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reservoir description. In the latter field research 
in progress relates to procedures for sampling 
and for laboratory measurement of rest •voir 
material (core samples and fluid samples), 
development and application of new 
measurement techniques for flow studies in 
porous rocks, use of tracer techniques in 
reservoir studies and carbonate cementation in 
sandstone reservoirs. In die ana of 
mathematical modelling, an interactive system 
is being developed to improve total utilization 
of data from well logs, core material and 
geological data in connection with reservoir 
simulation. Use of die various methods for 
stimulated oil production also calls for new 
methods for mathematical simulation of fluid 
flow in porous rocks. Here a new type of 
simulator is being developed which can follow 
sharp fronts between different fluid phases on 
both field and laboratory scale. 

For simulating polymer flooding of 
porous rocks, IFE is cooperating with 
RogaJandsforskning (RF) and widi the 
Norwegian Continental Shelf Institute (IKU) 
on the development of better methods of 
processing fluid samples from oil reservoirs. 
The University of Bergen has assisted by 
supplying results from fluid flow measure
ments in comparatively lor.^ core samples, and 
in cooperation with Oslo University work is 
being done on numerical simulation of fluid 
flow in porous rocks. Among the foreign 
establishments with whom we cooperate we 
can mention Scientific Software Intercomp 
Ltd. (UK) arid the Courant Institute of 
Mathematical Sciences, New York University. 
Here the work comprised adaptation of 
advanced mathematical models to simulate 
multi-phase flows in porous rocks. 

Work for the Norwegian Petroleum 
Directorate (NPD) on development of a 
reporting system for reservoir data has led to a 
first version, which is being tested by NPD. 
The system can retrieve data from NPD's geo
physical and geological files for interactive 
processing, printing, reporting and evaluation 
by means of modern colour graphic printouts. 

In the course of 1986, GRIDGEN, a 
system for digital izing and processing 
geological ana geophysical map data, has been 
generalized and improved. The GRIDGEN 
system is now in use by NPD as an ancillary 
tool for simulating various oilfields. 

Commissioned by Phillips Petroleum Co. 
Norway (PPCoN). a trace element study has 
been started in connection with gas injection 
on Ekofisk. Two different radioativc tracers 
were introduced into four injection wells. 
Inactive (chemical) tracers were also introduced 
into one well. An extensive sampling and 
analyzing programme was established for 
ppoducedgas. Funded by PPCoN, the Institute 
acquired a fluid scintillation counter, which 
represents the most advanced and sensitivt 
measuring equipment for radioactivity to be 
found on die market today. 

Later in die year yet another tracer study 
was commenced on Ekofbk, this time in 
connection with a pilot water injection scheme 
y/k expect both studie» to yield useful infor-
mation concerning the reservoirs for use in 
planning the further production. 

Exploration technology. 
Stork in this ana included experimental 

and theoretical methods for modelling the 
history and present properties of geological 
basins. The objective is to improve and 
rationalize the search for oil and gas by 
increasing insight into die main processes 
leading to the formation and migration of oil 
and gas in a sedimentary basin. IFE has now an 
established nation-leading research competence 
for development of such simulation models. 

IFE has completed a >year project for 
Statoil for developing mathematical models for 
simulating petroleum-geological processes. 
Programmes have been developed which treat 
fluid flow, pressure and temperature in porous 
rocks during the deposition of sediments under 
different conditions. The programmes also 
include geochemical models for calculating die 
conversion of organic material into 
hydrocarbons. 

On the experimental side, work has 
concentrated on studies of crucial parameters 
such as degree of maturity, and temperature 
history. Tools with which to tackle this 
problem have been taken from both organic 
geochemistry and from mineralogy-
petrogeology. A major project diat is 
particularly relevant in this connection, is the 
establishment of a laboratory for fission-track 
analyses of apatite and other minerals. This 
project, which was commenced in 1986, is 
supported by Statoil and Elf. Fission-track 
analysis is a new method for determining 
temperature history, and is complementary to 
what is termed maturity analysis of organic 
material. 

with support and technology from 
Deminex and BGR (Federal Institute for 
geology and raw materials) of West Germany, 
IFE has acquired die necessary equipment and 
competence to perform the actual analyses 
comprised in a program for surface 
prospecting. In this mode of prospecting, 
samples are taken from the earth's surface or 
from upper layers of the seabed, in areas of 
hydrocarbon potential. The hydrocarbon 
content of the sample is isolated and analysed 
by various techniques, such as fluorescence 
measurements and determination of stable 
isotopes. 

Two important tasks connected with 
quantification of geological data for integration 
in reservoir simulation models is the mapping 
of heterogenties formed by special geological 
processes, and the development of methods for 
mapping the structure of the reservoir. 
A considerable pan of this work is being done 
under SPOR. A major project, with support 
and technology from Conoco, for the purpose 
of establishing a laser laboratory, was 
commenced in 1986. Research here will focus 
on increased understanding of strucural factors 
in oil and gas reservoirs. 

Multi-phase flow 
For the future cJeveloprnem ofdeepwater 

technology and held development at sea, it is a 
decisive prerequisite that we master the 
problems connected widi transporting un-
piuujwd muhi-phasehydiocarhon mixtures 
over long distances. In this connection, IFE has 
main «^portability for further development of 
the dynamic flow simulator OLG A, as partof 
IFE's cooperation programme with SINTEF 
on multi-phase flow. In 1986 IFE devoted 

More efficient prospecting/or oil and gas means in 
practice less «dry holes». This is made possible tinaugb an 
increased insight into lix history and formation of 
sedimentary basins and other factors. Nationally IFE lus 
an established leading position -within tlx area of 
developing mathematical models for basins. 

In the lasermicmprobelabomtory -which has heen 
established -with support from Conoco, the isotope 
composition of geologically important components can lv 
stup'ed :n detail. This maka it possible to reveal for 
instance the Instory behind cote samples from the North 
Sea. The aim a to establish mow rtlialile pmspcctmg 
techniques for od and gas. 



Transport of unprocessed oil, 
sea floor. A variety of damai 
ana destroy pipelines fir» 

Orifice meter in the atmospheric air-rig for flow 
experiments at IFE 

considerable attention to developing a pipeline 
network version of OLGA. This multi-
branched simulator has expanded the areas of 
application for OLGA considerably. For 
instance, it can now compute production from 
several ndls passing unprocessed through a 
transport pipeline to a urge platform, or to 
shore. Because of the special numerical solution 
adopted, the network version is just as stable 
ana uses approximately the same length of 
calculation time as the previous versions of the 
programme This makes it practicable to 
simulate very complex pipeline networks on 
comparatively small computers. 

The marketing and commercial 
exploitation of the OLGA programme was 
intensified in 1986, ind the response from 
prospective customers is greatly increasing. The 
dynamic flow simulator OLGA is regarded by 
the petroleum industry as an important tool in 
developing and dimensioning future multi
phase transport systems. 

IFE also developed and patented a nuclear-
based instrument for measuring two-phase 
flow conditions. Development was financed by 
an international oil company, which in 
collaboration with IFE is seeking to market 
instrumentation technology. The instrument 
has been tested by Norwegian and foreign 
research institutions and is attracting growing 
interest in the oil industry. 

In the field of flow technology, fruitful 
cooperation is evolving between IFE and the 
University of Oslo. For instance, in 1986 we 
provided specialized study courses and tuition 
for D-Sc students. 

On behalf of Geco ̂ Xfell Services/Statoil 
two-phase models have been used in devel
oping a production log interpretation system. 
The assignment consisted of interpreting 
measurements from an oil or gas wed for 
diagnosing problems related to the production 
phase. Examples of such problems are water-
producing strata and gas or water penetration 
during injection. 

Gas technology. 
The institute is working in several sectors 

in the field of quantity measurement of large 
gas flows; Statoil's new gas laboratory at 
KSrsua, international standardization work, 
experimental measurement technology and 
numerical simulation of flow conditions. 

In work relating to the K-LAB (the Kårstø 
Laboratory for Measurement and Technology), 
dynamic simulations with die computer 
progamme NORA were made in 1986 to 
determine die liability of the system. 
Sperificttions for the system for collection of 
data were also prepared 

Work for the Internationa) Standards 
Organization (ISO) in 1986 was concentrated 
on die planned revision of the B O 5167 
Standard, and the preparation of a user's 
manual for Ulik 

In die field of measurement techniques, an 
air rig for scale experiments in gas measuring 
technology is practically ready fot commis
sioning. At die same time, work a proceeding 
on die detailed two- and uSrewfimensional 
numerical amulation of gav flow in a 
rneafurementtube 

Under a longterm project for Statoil, the 
Znsritur a engaged on further developing and 

adapting process techniques for the Kårstø 
plant. Studies of gas purification on zeolites 
were carried further in IFE's pilot plant. Special 
attention was given to removing water ana the 
effect of certain additives in this process. An 
extension of the plant widi a larger and more 
efficient testing column was planned and 
commenced. A more systematic study of gas 
absorption on zeolites was made as thesis work 
for a Norwegian University of Technology 
(NHH) degree. 

Work on supercritical gas extraction, an 
assignment for Statoil, was mainly directed 
towards critical-point core sample drying by 
CO2. This is a new method which for certain 
types of core material can be more 
advantageous than die customary cleaning and 
drying procedures. 

Intelligent control systems. 
Advanced computerized systems for 

supervision and control are coming more ind 
more to the fore as regards operation and 
maintenance of production and transport 
faculties on the Norwegian continental sheif. 
Widi the development of die large training 
simulators for die Gullfaks and Oseberg 
platforms, IFE has laid a firm foundation for 
the further employment of its competence. 
Other assignments on which we worked in 
"""S include 

Development of a simulator station for 
two-phase simulation based on OLGA, and 
the development ola monitoring system for 
two-phase pipelines. This work is related to the 
•Poseidon- programme for Statoil/Total. The 
system makes it possible to simulate various 
future operational situations, and also facilitates 
continuous monitoring of the pipeline 
{leakages, etc.}. By die end of 1986 the 
simulator station was all but completed. 
A method study for leakage monitoring was 
also made 

For Kværner Subsea Contracting we 
prepared a concept study in connection with 
underwater control systems. Here we evaluated 
alternative overall solutions for sub-sea well 
completion related to monitoring and control 
functions, energy supply and communication. 

A further concept study of a monitoring 
system for die TrolIOseberg gas injection 
pipeline was made for Norsk Hydro, based on 
the programme system OLGA. 

Oil corrosion. 
IFE's efforts here were focused on the 

problems attendant on producing and 
transporting oil and gas in deep water, and on 
subsca plant and equipment. With normal 
ptadbrm production die water and any sand 
an; removed from die oil and gas, so that 
internal corrosion is easily dealt with. Thus 
little experience has been obtained with regard 
to corrosion in mixtures of gas, oil and water. 
Therefore rø's experimental work has been 
aimed at determining the conditions under 
which ordinary carbon steel will be able to 
provide sufficiently long lifetimes for process 
equipment and pipelines. 

Much of die experimental work in 1986 
w^drnxted at problems relating to an 
aggressive well flow containing sand. Grains of 
sand can destroy ana-corrosive coatings and so 
lead 10 corrosion. 



I Since sand mostly moves along the bottom of 
the pipes, scratches will form there. The sand 

| then starts galvanic action. In such case the 
process can be suppressed by adding small 
quantities of corrosion inhibitors to the flow 
stream. On the whole, our experiments show 
that it is possible to use carbon steel in more 
cases than was previously supposed. 

A new problem is die dewing of water 
vapour on the inside of a gas pipeline on the 
seas bed. If the gas contains water vapour, dew 
forms because the outside of the pipe is cold. If 
the gas also contains CO2, as it usually does, 
these dewdrops cause corrosion. Experiments 
have commenced. 

Commissioned by Norsk Hydro, IFE has 
assessed the choice of materials for gas injection 
facilities for the Oseberg field. The plan is that 
wet unpurifjed gas shalfbe taken from Troll 
and injected into the Oseberg reservoir by 
means of well pressure from Troll. IFE's task 
was to determine how different materials will 
behave with wyingcomposidons of gas. 
However, it is difficult to show that the 
corrosion preventing measures actually work. 
In this area, too, the Institute is working on 
new ideas based on nuclear techniques. 

Industrial process-
and materials 
technology 

Through undertaking commissions for 
many years, IFE has contributed extensively 
towards the development of better processing 
equipment and more efficient operational 
methods for the electromctallurgical processing 
industry, and particularly the field or 
aluminium electrolysis. Research work in 
mathematical process modelling has led to the 
development of a strong competence in applied 
mathematics at IFE This has provided the 
foundation for establishing a separate course of 
study in industrial mathematics {mathematical 
modelling and cybernetics) within the 
framework of technological studies at Kjeller, 
U N K . 

IFE is cooperating with the aluminium 
industry on the design of a long-term research 
strategy for developing a rugh-crnciency 
electrolysis cell. Here there is considerable 
potential for further technological progress. 

Industrial mathematics. 
Long-term projects for industry relating to 

the casting and processing of steel and 
aluminium were continued, leading to a 
3-dimensiona] model for aluminium casting as 
one important result. IFE's 2-dJmensiofial 
casting model (ALSIM2) b still the only 
known model that manages 10 simulate the 
starling phase of dutct casting. In 1986 we 
completed a first testing version of a 
^dimensional eating model (ALSIM3) for the 
sameprocess. 

For aluminium electrolysis, work 
proceeded on various sub-models, and we are 

to gain a good understanding of 
the actual electroryu process, so that the cell 
can be stabilized and energy consumption 

reduced still further. Stabilization of the side 
coating in die cell is today the greatest 
hindrance to full control of the cell. The 
greatest gains seem to lie in reducing specific 
energy consumption and prolonging cell life
time, and these are die aims of our research 
strategy for high-efficiency electrolysis cells. 

On the international market cooperation 
is continuing with MEFOS (Sweden). One 
result of this nas been the sale of the program 
system STEELTEMP to Rautarukkii OY 
(Finland). Contact has also been initiated with 
prospective customers in Canada, Switzerland, 
Taiwan and the USA. 

On the oil side, our efforts were turned to 
die development of process models for a 
training simulator for the Oseberg field. 
Models have been developed for the gas 
network and eas coolers in the simulator. We 
also developed a model of a zeolite-based gas 
purifying process, which is part of a project for 
purifying and separating natural gas. 

Collaborating with Elkem A/S, a project is 
being carried out for monitoring heavily 
exposed production equipment in die ferro
alloys industry. This is pan of the NTNF 
(Norwegian Council for Scientific and 
Industrial Research) programme -Automation 
in the process industry». The purpose of the 
project is to develop a system for monitoring 
electric smelting furnaces. A system was 
developed in 1986 for monitoring the actual 
pots. They are prone to bum through with 
frequently serious consequences from both a 
safety and an economic point of view. In its 
initial version the system is implemented by 
computer and is now operating on-line with 
Pot 3 at Salten works. 

For Hydro Aluminium, Årdal Works, 
work has commenced to develop a method of 
calculating non-measurable conditions in 
electrolysis furnaces as an aid in controlling the 
cells. At first it comprised of the development 
of a reduced dynamic model. Control systems 
based on this estimator will contribute to 
optima] furnace operations. The advantage will 
lie in higher output with lower energy 
consumption, and perhaps also a longer life for 
the furnaces. 

Materials technology 
In 1986 IFE started a new international 

project on stress corrosion in ammonia storage 
and transport tanks. The project is financed by 
international industry, and is a continuation of 
IFE's previous work in the same field 

An important objective of the new project 
is to determine the speed of crack propagation 
in welds under varying errviremmentai and load 

:h data nave conditions. Such d e not been known 
previously. More recendy ii has been realized to 
an increasing degree that small variations in 
load, in the magnitude of 1 - 2%, may abo be 
highly important for stress corrosion. Such 
stress variations frequently occur in practice, 
eg. as a resuk of dairy temperature variations. 

IFE has developed measuring devices 
whereby crack propagation speed o n be 
detemuned whh great accuracy. The results 
will forman important basis for determining 
the necessary inspection intervals. The results 
will abc play an important pan when h comes 
to safety calculations relating to ammonia 
storage and transport tanks. 



An important task is to assist Norweman industry and 
authorities in the evaluation of complex technical-
economical systems. In an energy-system analysis tlx 
interaction of factors like the pnee of raw materials, 
tecJjrioJofQ?costs and markets an-.asessetL 

Energy systemsand 
energy conservation 
Energy systems 

A primary task in this ana is to assist the 
authorities with data and analyses applicable to 
new energy technologies and energy systems. 
Development work concerns computer-assisted 
methods of analysis and synthesis of complex 
technical-economic systems. Phase 4 of the 
Statoil project «Optimization of gas networks-
is now completed. This was a method/concept 
study relating to a number of proposed 
alterations to and extensions of the original 
network mode). 

The first part of the Statoil project «Gas 
market analysis» has now been rompleted. 
This is a data base system for data relating (o 
gas technologies on the consumer side. The 
data base is used to analyze how gas prices and 
technology costs influence the sales potential 
for gas in a given market. 

Energy conservation. 
During the year IFE took a long step in 

the direction of becoming a nationalcentre for 
industrial energy conservation, by establishing 
the four-year programme "Energy 
conservation in industry". The object of this 
programme is to initiate' a self-supporci/ig 
economy drive in industry, by assisting with 
high-risk pioneer projects by way of prototype 
and demonstration equipment. This 
programme las a budget of NOK 24 million, 
which IFE administers on behalf of the 
Ministry of Petroleum and Energy. At year-end 
there were 13 industrial corporations 
participating m the programme. Capital 
expenditure amounts to approximately NOK 
12 million, with expected average repayment 
time of about 3 years. 

The three-year NTNF (Royal Norwegian 
Council for Scientific and Industrial Research) 
programme for energy saving in small and 
medium-sized enterprises was completed at the 
end of the year. However the final tests still 
have to be done tor some of the enterprises the 
project covers. 

Cooperating with the Kjelforeningen • 
Norsk Energi, IFE was the main execuier in 
connection with the Ministry of Petroleum 
and Energy's comprehensive series of energy-
saving courses. Altogether, 14 courses were 
arranged for various tranches of industry 
spread throughout the country. 

In 1986 Norway's first modem wind 
power plant was put into commission. The 
wind power plant "Astrid" is connected to the 
local electricity network on Frøya bland and 
supplies 55 kW. If results are promising, more 
oitnese power plants will be installed on 
isolated Norwegian islands. IFE is responsible 
for following up techniques internationally and 
(or inspecting the Frøya plant for mechanical 
stresses and strains. An important consider
ation was to bring Norwegian industry into 
this programme. As a preliminary to this, IFE 
arranged a wind power seminar for Norwegian 
industry. 

Isotope and 
irradiation services 

IFE meets the needs for isotope products 
and irradiation services for a number of 
applications in the fields of medicine, industry 
and research. Work is also taking place in 
developing new products and methods for 
various areas of use. 

Isotope supply. 
Isotope supply comprises the production, 

control and distribution of radio
pharmaceuticals, chemicals and irradiation 
sources. Most of the deliveries of radioactive 
products go to the nuclear medical depart
ments of hospitals and to research laboratories 
in Norway. The largest product group is radio
pharmaceuticals and sets for producing such 
preparations. Radiopharmaceuticals nie used 
mainly diagnostically for organ visualization 
and studies of organ functions. Radiopharma
ceuticals are usedin the treatment of cer.ain 
diseases. Cooperating closely with hospital 
departments and pharmaceutical industry, 
continuous work is taking place to develop 
new and improve existing pharmaceuticals. 

VCbrk proceeded in 1986 on the further 
development of radiopharmaceuticals based on 
iechnrtiunv99m blood markers. Inflammation 
conditions can be detected by means of 
marken in white blood corpuscles, while 
marked blood cells can be used to reveal blood 
clots and changes in the patient's coagulation 
system. Clinical studies of such preparations 
were made in Norway and Sweden, and work 
has been done on producing analytical data 
and other documentation as a basis for 
approval by health authorities. Work was also 
done on die development of an experiemcntal 
biological model for determining the efficacy 
oftheproducts. 

Trie development of new pharmaceuticals 
has gradually changed character in recent years, 
and now comprises major screening 
investigations of chemically interrelated 
substances and of new raw materials, made 
possible by use of advanced biotechnology. 
One of trie main objectives of this work is to 
discover target-seeking molecules, which can be 
steered towards specific, different types of 
cancer or other disease conditions. i 

Substances marked by radioaaivity a n be i 
used both for diagnosis: and treatment. 
Producing such materials takes a lone time and j 
b very expensive, since it calls for highly 
develop)» expertise in a number of disciplines. 
In order to participate in work on this new I 
generation of radio-pharmaceuticals, IFE is i 
coopejating with Nycomed AS. Radioisotopes J 
are now being used m development work on i 
conventional medicaments. By marking the I 
active substance or ancillary substance in a j 
pharmaceutical formula with a radioactive | 
isotopaitbposBJbletoJbllowthepassageof i 
the medicament through the body by gamma-
scintigraphy and thus obtain a number of data j 
for opurniringihc medicament. IFE has I 

panicipacd in such a scheme in collaboration j 
with Nycomed AS The pharmaceutical j 
industry is expected to snow growing interest i 
in such studies in the future. ! 



Irradiation techniques. 
EFE carries out neutron and gamma 

irradiation of materials for severalcustomers 
and clients at home and abroad. Irradiation 
takes place in the JEEP II experimental reactor 
and in the gamma radiation plant. The most 
important purposes of irradiation are: 
* Production of radioactive substances. 
* Transmutation, i& neutron doping of silicon 

semi-conductors for the electrical and 
electronics industries. 

* Sterilization of medical equipment and 
medicaments. 

* Anti-bacteriaf treatment of foodstuffs and 
packaging in order to ensure longer shelf life 
tor the goods. 

* Production of polymer synthetics or the 
improvement of their properties. 

Radioacuvt materials are produced by 
irradiating various selected substances with 
neutrons in die JEEP II reactor. Among other 
things they are used as raw materials in IFE's 
own production of radiactive pharmaceuticals 
and chemicals. Permanent radiation sources are 
produced for industry, for use as signal 
generators in various industrial processes. 
Another application is for training personnel 
in the use of equipment for gauging radio
activity or for inspecting such instruments. 

By irradiating silicon crystals with 
neutrons in JEEP D, small quantities of 
phosphorus are produced, evenly distributed 
throughout the crystals. This is used to give the 
material well defined electrical properties. 

The gamma irradiation plant nas a 
radiation source consisting of cobalt-60, a 
nuclide with a half-life of 53 years. The source 
can be dimensioned as needed, by adding 
cobalt-60. The demand for gamma irradiation 
in Norway has remained stable for the past 
four yrare. 

Spices and other additives for the food 
industry are irradiated in order to prevent 
bacterial inleaion of balers of foodswfrs. 
More tlian 50 tons of these commodities are 
timed eirry year. Gamma inadiaied packaging 
is used mostly for dairy products for which a 
long shelf life is needed, but some is also for 
medical products. 

Operation of JEEP II reactor. 
The Jeep D experimental reactor was in 

continuous operation during 1986, stopping 
only for three planned down periods, one of 
which was for inspection of the reactor tank. 
This reactor is Norway's only facility for 
inadiauon by strong neutron fluxes. It is a 
national resource for research, development 
wef production in several fields. The reactor is 
based on lowenriched uranium and heavy 
water, and is run at an output of 2 MW on 
weekly programmes. 

By installing a system for utilizing cooling 
water from JEEP D for healing, an uvnouse 
energy supply has been obtained for three of 
IFE's laboratories. 

Basic research 
in physics 

Neutron beams from the JEEP D reactor 
arc used in fundamental resarch in the field of 
condensed-phase physics. In this field neutron 

beams are an indispensable Aid, both for 
structural investigations and for determination 
of dynamic factors. The work is being done in 
close collaboration with research groups at 
Norwegian and foieign universities and 
research establishments. 

A new instrument for low-angle neutron 
scattering presently under construction will 
make it possible to study structural problems 
on a larger scale (micro scale). This has 
important applications in the study of porous 
media, aggregates, colloidal systems and 
biological materials. 

Monodisperse plastic particles (Ugelstad 
spheres) and ferrofluids are now being studied 
in cooperation with Oslo University and die 
Technical University in Trondheim (NTH). 
Practical application of the research results will 
be exploited through a joint venture with 
Dyno Panicles. 

Special nuclear 
IFE functions 
Library and literature services. 

Besides being the Institute's library, IFE's 
library is also a reference library for nuclear 
technology and literature on energy research. 
Thus it also serves a wide circle outside the 
Institute In 1986 the library's data bases v.-ere 
made available for search from researchers' own 
terminals. 

Under an agreement between the energy 
authorities in Scandinavia and the US.A. on 
exchange of energy information, Norwegian 
literature is abstracted and fed into the literature 
data base "Energy Data Base". The project is 
supported financially by the Norwegian 
Ministry of Petroleum and Energy. The 
agreement also covers reporting and projects. 
The same reporting is used to produce the 
Nordic Council of Ministers' catalogue of 
energy projects in Scandinavia. This catalogue 
is distributed in Norway on assignement from 
the Council Both the above literature and t(i? 
project descriptions are included in the Nordic 
Energy Index data base, Norwegian literature 
on nuclear power and asociatea fields of 
physics is abstracted and fed into INIS, the 
Internationa) Atomic Energy Agency's (IAEA) 
database 

Assignmentsfiom authorities. 
Incompliance with ih< Non-proliferation 

Treaty, all nuclear materials in Norway are 
subjected to IAEA's safeguards. Through its 
accounting and reporting system for nuclear 
materials, IFE organizes the control carried out 
by IAEA inspectors in Norway. Under an 
agreement with the Government, IFE also 
handla Norway's international safeguard 
obligations, including routirc contact with 
IAEA's sricguard system. 

IFE also MHed the authorities in 
connection with other international nuclear 
energy issues. This particularly applies in 
connection with nuclear exports control and 
N o r w m n participation in IAEA and 
O E a ? s N u c t a E n i r ø A p n c W N E M r W i 
a rroyear period from autumn 1984, IFE's ' 
managing dinnor had a aett on trie board of ' 
IAEA. In 1986, work connected with the 
iraernatk>nalonjaittZ3KkmswasgnMr/aAxied ' 



by the Chernobyl accident, which entailed 
extra meetings of IAEA's and NEA's execut 
boards and other bodies and resulted in the 
recasting and expansion of safety work in both 
organizations. With the assistance of IAEA, 
two conventions have been established on 
warnings and mutual assistance in die event of 
nuclear disasters. The Institute made 
considerable contributions presenting 
Norwegian viewpoints and proposals. 

ln-house safety and radiation 
protection works. 

Bodies have been appointed to deal with 
in-house safety. The safety committee is an 
advisory body for die Institute and it ensures 
compliance with official rules and regulations 
issued by the Nuclear Energy Safety Authority, 
the National Institute of Radiation Hygiene, 
the Labour Inspectorate, etc The Institute also 
has a special committee for computer security. 

During 1986 die safety committee dealt 
with several important issues. The revised 
safety report for die Jeep II reactor at Kjeller 
was finally approved and sent to the Nuclear 
Energy Safety Authority (SAT). Complying 
with the terms of the licence of3June 1983, 
the Institute sent SAT a plan for closing down 
plants for which licences are required. Such a 
plan shall have been drawn up three years 
before the licence expires, even if an application 
will be filed for extension of the licence. 

No operational incidents affecting the 
safety of Institute staff or plant occurred in the 
course of 1986. 

Routine checks by the radiation protection 
service showed once again that staff radiation 
doses were well below the limit for 
occupational exposure. The measured emission 
of radioactive substances from Institute plant' 
were very small, and negligible from the point 
of view of environmental contamination. The 
resul' of the measurements were reported to 
the authorities. 

In 1986 the radiation protection service 
continued its dosimetric service for major 
hospitals and others in Norway. The 
laboratory calibrates hand instruments for 
measuring radioactivity which are used for 
industriaTand health purposes. Both the» 
services are provided in consultation with the 
National Institute of Radiation Hygiene 

Towards the end of 1986 the radiation 
protection service sent all municipalities an 
offer to provide measurement services relating 
to radon in the ground and bedrock, houses 
and other buildings drinking water and 
building materials. 

Our laboratory for environmental surveil-
lance collaborates with institutions in Norway 
and abroad. The laboratory poaessts 
specialized equipment for determining small 
quantitk» of radioactive paHuaon in the 
environment. The Chernobyl accident resulted 
in an enormous rash of analysis alignments, 
panicularty on behalf of the Directorate of 
Public Health, and prior to 1 September h was 
virtually only the National fasanar of 
Radiation Hygiene and IFE rh* had the 
capacity to analyze a large number of samples. 
Ajtomher, our Institute analyzed appro»-
matejy 6,000 samples. 

fa] addition to ordinary checks performed 
in-hcuse, die laboratory had a number of 

external assignments in 1986, including the 
nation-wide control of radioactive fallout 
undertaken by the Institute in 1986 on 
assignment from the Norwegian Defence 
Research Etablishmem. This control covers air 
samples, precipitation and milk, and comprises 
stations at Kjeller, Bergen, Stjørdal and 
Tromsa The programme yielded vital 
information concerning the radioactive fallout 
immediately after the Chernobyl accident. 

IFE continued its studies or radioactivity 
in marine environment along the Norwegian 
coast, and also proposed and started up several 
radio-ecdogka] research projects connected 
with Chernobyl fallout. 

Nordic safety programme. 
IFE's work on reactor safety is mainly 

concentrated on Nordic collaboration 
programmes under the aegis of the Nordic 
Liaison Committee for Atomic Energy 
(NKA). The projects are financed by the 
Nordic Council of Ministers, and they 
comprise the further development of methods 
and data for risk analyses, and analyses of the 
consequences of and counter-measures against 
reactor accidents. The Institute is the 
coordinator of the Scandinavian cooperation 
projects in this field. 

The reactor accident at Chernobyl has 
shown that it is important to possess high 
competence in this field, also in the case of 
countries where there are no nuclear power 
stations. Nordic cooperation will be assessed in 
the light of the experience gained from the 
Chernobyl accident. [FE also acts as NKA's 
representative in the secretariat of 
HYDROCOIN, an international study of 
ground-water transportation of radioactivity. 

Radioactive waste. 
Operations relating to collection, 

processing and storage of waste with low and 
medium levels of radioactivity continued on a 
normal scale. Work on new plant for 
encapsulating medium-active waste (ion 
exchange resin) from the Halden reactor was 
planned and commenced. 

Towards the end of the year a quantity of 
waste with low radioactivity was received from 
petroleum operations in the North Sea. This is 
a new type of waste, consisting of piping and 
other components on which deposits have 
formed, some of which contains small nlilies of radioactivity. If the activity is 

?a certain limit, it must be treated as 
radioactive waste. The Institute is participating 
in exploratory and planning work to find a 
solution to this waste problem. 

Personnel 
At the turn of the year 1986/87 IFE had 

522 employees, of whom 321 at Kjeller and 201 
at Halden, totalling 3 more than at the end of 
the previous year. In the course of the year 
7.5% of the staff left. Of the personnel, 160 
have university or college degrees, and 133 haw 
other degrees in engineering and science. 



Finance 
Operating revenues for IFE totalled NOK 

228 million, of which NOK 139 million in 
respect of operations at Kjeller and NOK 89 
million at Halden. The year showed a profit of 
over NOK 5 million which has been carried 
forward. Earnings from commissioned work 
accounted for nearly 68% of the total revenues 
in 1986, This percentage is very high, 
considering the special overheads IFE incurs 
for safety precautions, radiation protection, 
physical safety, protection and inspection of 
nuclear materials, processing and storing 
radioactive waste etc If basic physics research 
and the costs of IFE's special infrastructure are 
kept apart, these earnings acount for over 70% 
ofthe revenues. 

IFE's revenues from commissioned assign
ments for the period 1984 -1986, increased by 
NOK 42.5 million, from NOK 114 million in 
1984 to appr. NOK 156.5 million in 1986. 
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