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STATEMENT FROM THE BOARD 

Through its accomplishments in 1989, Institutt 
for energiteknikk (IFE) has confirmed its 
position as a centre for technological and 
industrial innovation. IFE is the national 
research institute for energy and nuclear tech
nology, and, having close links with the Ministry 
of Petroleum and Energy (MOPE), is attuned to 
the demands of the energy authorities, 
There is an increasing awareness of the envi
ronmental impact of energy production and 
consumption. The environmental benefits of 
new, more energy efficient, technologies are 
thus carrying an increasing amount of weight. 
IFE has become the clear Norwegian market 
leader in this field, playing a central role in the 
government's program for demonstrating energy 
conservation technologies to Norwegian 
industry. 

Research at IFE involves broad-based collabora
tion with the international research community. 
In reactor technology and information technology 
this occurs primarily through the OECD Halden 
Reactor Project, while collaboration with inter
national oil companies and research organiza
tions is important in the field of petroleum tech
nology. Work related to energy efficiency is 
involving a growing collaboration with the Inter
national Energy Agency (IEA). IFE also collabo
rates extensively with other Norwegian research 
establishments. This includes participating in 
national research programs in, for example, 
petroleum technology and information techno
logy. The principal collaborating partners are 
SINTEF (The Foundation for Scientific and Indu
strial Research at the Norwegian Institute of 
Technology), SI (Centre for Industrial Research), 
RK (Rogaland Research Institute) and IKU 
(Continental Shelf Institute). The collaboration 
between the Kjeller research institutes (including 
IFE) and the University of Oslo relating to the 
carrying out of university studies at Kjeller 
(UNIK) is presently being expanded due to its 
success. 

Through the international Halden Project, IFE is 
able to keep track of important advances in the 
safety and operation of modern nuclear power 
stations. In this cost-effective way, IFE is main
taining national competence in atomic energy. 
The Halden Project research program in infor
mation technology has brought 1FE to the inter
nationa] forefront in process monitoring and 
simulator technology. In many cases results from 
this program can be applied directly in various 
other processing and energy-intensive indu
stries. Examples of this in 1989 included the 
expansion of the TOGI simulator and develop
ment of a data-based information system for 
Statkraft. 

Petroleum technology research at the Institute is 
helping to ensure the optimal economical exploi
tation of petroleum resources on the Norwegian 
Shelf. IFE's research strategy, based on the 
application of advanced mathematical methods 
and nuclear measuring techniques in combi
nation with petroleum geology, flow technology 
and materials science, is directed toward the 
development of cost-effective and new technolo
gies. Most activity is in the field of multiphase 
technology, reservoir description and geological 
basin modelling. 

The future development of Norway's offshore 
petroleum resources will depend heavily on 
multiphase technology. The possibility of trans
porting unprocessed or partly processed well 
streams over large distances will make field 
development less expensive. In some cases it 
may be advantageous to use multiphase trans
port to shore, as is now planned for the Troll 
field. In other cases, as with the development of 
smaller marginal fields, multiphase transport to 
an existing infrastructure (pipelines, platforms) 
could significantly reduce costs. /:s a result of 
close long-term collaboration with SINTEF, IFE 
has developed the flow simulator OLGA, which 
is now being used increasingly by oil companies 
in planning multiphase transport systems. This 
work has been funded by a group of Norwegian 
and international oil companies, who will ensure 
continued progress in this research area by 
means of a new three year program (1990-1992). 

IFE is responsible for the reservoir description 
part of the State Program for Enhanced Oil 
Recovery. SPOR. Activities include the develop
ment of exoerimental and theoretical methods 
for describing reservoirs using tracers, and new 
ways of incorporating lithological heterogeneities 
into reservoir models. 

IFE has established itself as the national centre 
for basin modelling, with Statoil and the Petro
leum Directorate as the main sponsors. 1989 has 
seen progress in IFE's extensive program for the 
development of large mathematical simulation 
models for geological basins. 

The transport by pipeline to Europe of large 
amounts of gas from an increasing number of 
fields with complex equity structures places 
greater demands on the reliability and accuracy 
of gas measuring systems. Al 1FE attention is 
being given to the design of gas measuring 
systems, and how this affects measuring accu
racy. Activities have concentrated on the deve
lopment of numerical and physical simulation 
models for predicting measuring errors in gas 
measuring stations under field conditions. 
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In the area of industrial energy technology, there 
was a significant growth in energy conservation-
related activities in 1989. In collaboration with 
the MOPE, IFE has carried out the industrial 
prototype and demonstration program EH, 
started a new energy and environmental program 
EMIL and a technology dissemination program 
for the use of heat pumps. Furthermore. IFE has 
taken part in the design of new research 
programs for NTNF (Royal Norwegian Council 
for Scientific and Industrial Research) on "energy 
efficiency in power-consuming industry" and 
"hydrogen as an energy-carrier". In industrial 
mathematics there has been fruitful collaboration 
with SI on the modelling of aluminium casting 
processes. 

On the materials technology side, a long-term 
international research project on fracturing due 
to ammonia stress corrosion has produced 
results which are important for understanding 
the risks associated with large ammonia storage 
tanks. These results have formed the basis for 
international recommendations for ammonia 
storage. 

IFE represent a centre of expertise in Norway 
with regard to the use of titanium in offshore and 
other industrial applications. This work is being 
funded by the EEC and the Norwegian petroleum 
industry. 
IFE is a national supplier of isotope products and 
irradiation services for medicine, industry and 
research. The production of radiopharma
ceuticals at the Institute represents 60-70% of 
the total consumption in Norway. The develop
ment of new types of radiopharmaceuticals is 
being carried out in close collaboration with the 
pharmaceutical industry a^d hospital nuclear 
medical departments. Neutron doping of silicon 
crystals in order to control their semiconductor 
properties represents the main industrial appli
cation for reactor irradiations. A large number of 
irradiations are carried out annually in the Insti
tute's gamma irradiation facility. Clients include 
the foodstuffs and plastics industries, and manu
facturers of disposable medical equipment and 
packaging. The most important product group is 
now spices and flavourings for the foodstuffs 
industry, of which around 250 tonnes are irra
diated each year. 
Basic research in physics lias a broad interface* 
with other Norwegian and foreign research 
groups. Neutron beams from the JEEP II reactor 
are used for the investigation of static and 

dynamic structural relations at the atomic scale. 
The new spectrometer for low angle diffraction 
(SANS) has made it possible to extend the scale 
of observation to include practical studies of 
porous media, polymers and emulsions. 

Some activities at IFE are a result of national 
projects in the nuclear sector. These primarily 
involve the preparation of assesment studies and 
reports for the authorities, the running of a 
national nuclear technology library, fuel services 
for the Halden Project and the Nordic Program 
for Nuclear Safety. Activities related to radiation 
protection and radioactive waste management 
are to a large extent governed by the Institute's 
own nuclear work program. As IFE is at present 
the country's sole facility for the treatment and 
storage of radioactive waste, the Institute has 
the task of accepting such waste from other 
users of radioactive substances. The Institute 
also has the equipment and expertise to perform 
radiation protection services for external clients. 
This forms an important part of the national 
contingency preparedness against nuclear acci
dent abroad. 

The Institute's nuclear and non-nuclear activities 
demand state funding in varying degrees. A 
particular responsibility rests upon the State to 
support the Institute's special nuclear-related 
activities, which are integral to nordic and inter
national collaborative nuclear research projects. 
Consequently, the Halden Project, the JEEP II 
reactor, basic physics research, isotope product 
development and related supporting functions 
(safety, radiation protection, radioactive waste 
management) are all supported through an 
annual grant from the Ministry of Petroleum and 
Energy. About 70% of the stale support is ear
marked for specific high-priority objectives. The 
remainder, used to seed innovative and creative 
research ideas related to the petroleum and 
onshore industries, is of the same size relativt' lo 
revenue from contract work as for the other 
Norwegian research institutes. 

The Institute's turnover in 1989 was about NOK 
255 million, of which about NOK 168 million 
derived from contract work. For IKE's petroleum 
and industry-related activities the proportion of 
income deriving from contract work was about 
7:i%. IFE's accounts showed a profil of NOK 1.9 
million in 1989, which approximately matches 
the size of the loss recorded in 1988. A total of 
about 500 man years of work were expended in 
1989. 
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The Halden Project 
Through its involvement with the international 
Halden Project, IFE maintains national compe
tence in areas related to nuclear power. For 
example, the project provides the knowledge 
base necessary for the competent evaluation of 
nuclear power plant safety. The Halden Project 
constitutes an important technological resource 
for Norway, shaping planned national response 
in the event of a future nuclear accident. 

For a number of years now, the project has 
enabled broad-based beneficial collaboration with 
foreign industrial and research communities in 
strategic areas of information technology, and 
the results of this collaboration have been 
applied in a number of projects for Norwegian 
industry-

The technical program of the Halden Project 
concentrates on two main areas: 

- Fuel technology and instrumentation 

- Information technology. 

In the current agreement period (1988-1990) 
more than forty organizations are involved in the 
project, representing eight European nations, 
Japan and the USA. Through this model of inter
national collaboration, which is unique in 
Norway, the Halden Project contributes in an 
extremely cost-effective way to national aware
ness in the field of atomic energy and to techno
logy transfer in areas of great value to Norwe
gian industry. 

Fuel technology and instrumentation 
The Halden reactor is internationally recognized 
as a testing ground frir nuclear fuels with highly 
advanced instrumentation. The experimental 
program for 1989 has progressed in a very satis
factory manner, and about 45 different fuel 
element designs have been tested. The reactor 
has been in operation for about seven months of 
the year. During this time it produced about i 

93,000 tonnes of steam, which was supplied to a 
local industrial company. 

The Halden Project enables international collabo
ration with many industrial and research organi
zations in research and development for the 
nuclear power industry. Through cooperative 
agreements, first-hand information is obtained 
on the needs of the industry, and about the new 
lechnological developing]Is thai will lead to 
improved reliability in reactor fuels. 1989 saw a 
number of new contracts related to long-term 
fuel testing services. 

In the fuel program, work is focussing on the 
basic factors (e.g. materials, operating condi
tions) governing fuel reliability and safety, under 
normal running conditions and during opera
tional disturbances and accident situations. This 

The fuel technology program of the 
(lECt) Halden Project is internatio-
natty recognized as a major contri
butor ti> the development of more 
reliable mickar fuel for tight witter 
reactors. The plwto slums the high 
pressure ein nil for corrosion investi-
gallons. 

involves characterization of the mechanical, 
thermal and chemical properties of the fuels. In 
recent years efforts have increasingly been 
directed at corrosion, and materials technology 
in general. The results have been used by the 
project members as the basis for licensing new 
fuel element constructions, and also for the veri
fication of analytical/empirical models for fuel 
reliability. With the forthcoming new program 
period (1991-1993) in mind, a significant propor
tion of the work in 1989 has been directed 
toward improving and expanding the experi
mental apparatus, especially related to corrosion 
and special materials technological investi
gations. 

Much of the fuel tested in the Halden reactor is 
produced in the Kjeller laboratories, and after
wards returned there for post irradiation exami
nation. This is an important part of the extensive 
program of long-term fuel testing being carried 
out in Halden. 

An increasing amount of interest is being shown 
in the unique information technology resources 
of the Halden Project. Some examples of this 
related to nuclear power include the development 
of instruments for measuring fluid level and flow, 
and, in collaboration with other participating 
organizations, the development of detectors for 
studying the behaviour of reactor fuels. Highly 
specialized instrumentation for non-nuclear 
applications is also being developed together 
with Norwegian industry. One example of this is 
the instrument for measuring velocity profiles in 
gas flow that was delivered to Statoil's K-lab at 
Kårstø in 1989. 

Information technology 
The second main area covered by the Halden 
Project is information technology, i.e. computer-
based monitoring and control systems. The acti
vities in this field centre on an advanced experi
mental control room coupled to a full-scale 
simulator of a nuclear power station of the pres
surized water type. This laboratory is used in 
the development of new information systems for 
industrial process control. Experimental systems 
are tested using operating personnel from the 
Halden reactor. The laboratory is a world leader 
in the development and testing of process moni
toring systems. The laboratory was upgraded in 
1989 with the addition of several new full 
graphics workstations and general software for 
the development of real-time expert systems. 

In addition to developing and testing a variety of 
operator support systems, an important task in 
1989 has been to carry out a detailed test 
program for a computer-based operating proce
dure system. Fifteen operators from the Halden 
reactor took part in the tests, in which opera
tions were carried out using either the new 
computer system or conventional written proce
dures in an operating manual. Full interpretation 
of the data has not yet been completed, but 
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preliminary results suggest that the automated 
system provides superior information support to 
the operators in a wide range of situations. The 
results have aroused great interest from the 
project members. In 1989 the system was 
supplied to the Italian energy institute ENEA. 

Further development work has been carried out 
on a monitoring system that identifies faults in a 
nuclear plant before conventional alarm systems 
are triggered. This is possible because the 
system incorporates detailed information about 
the plant in the form of mathematical process 
modules. This system was installed in the 
Finnish Loviisa power station in 1989. Experi
ences so far have been positive, demonstrating 
that such systems can. for example, delect small 
leaks in components much earlier than would 
have been possible with conventional alarm 
systems. In collaboration with General Electric 
Co.. the possibility has been evaluated of incor
porating such methodology into the control and 
monitoring system of a new reactor concept 
being developed in the USA. Preliminary simu
lation studies have been very encouraging. 
During 1989 additional modules have been devel
oped for this system to enable a diagnosis of the 
causes of detected faults, and a prognosis of 
their expected consequences. A first prototype 
of this system is now running in the Halden 
laboratory, where work has begun on the devel
opment of an integrated monitor and manage
ment system in which the various operator 
support systems are incorporated as modules. 
This will be the main information system for the 
operator jnder all aspects of operation, and il 
will provide much improved support over present 
process monitoring systems in terms of fault 
diagnosis, help and advice. The system is 
expected to become the prototype for the next 
generation of computer-based control rooms. 
System specifications have been prepared in 
1989. and a first prototype of the new control 
room should be completed in 1990. 

The increasing use of computers in systems for 
the management, monitoring and emergency 
shutdown of industrial processes places ever 
greater demands on software reliability. Through 
the Halden Project new methods and tools are 
being developed for use in the verification and 
validation of software reliability. This has 
involved collaboration with Gesellschaft fur 
Reaktorsicherheii (GRS) and Technische I'ber-
wachungs Verein (TUV) in Germany. National 
Power and the Safety and Reliability Directorate 
in Great Britain and Statens Tekniska Forsk-
ningscentral (VTT) in Finland. In 1989 investi
gations were started to determine how formal 
methods for software specification and verifi
cation could be used lo improve reliability. 

PICASSO is an integrated software package for 
real-time man-machine communication applica
tions. It has been developed and improved over 
several years as new demands have been made 

on it. The system is UNIX-based, and is compa
tible with high-resolution colour graphics work
stations from a variety of manufacturers. 
PICASSO, created for process control and simu
lation, is installed in the new experimental 
control room in the Halden reactor, and in the 
experimental laboratory. The PICASSO image 
system has attracted great international interest. 

PICASSO is mi integrated siifiuwr 
system fur real-time man-macliinc 
communication applications. The 
photo sinnes Inatl-tloie result hi an 
electric power neheark. 

For example. Nuovo Pignone in Italy have 
started work on the development of a control and 
monitoring system for gas power stations which 
will be based on PICASSO.Two promising new 
project concepts have grown out of the experi
ence and expertise in operation and planning 
simulators for the electrical power industry, 
previously built up through collaboration with 
the national power network. The first of these is 
a computerized operating information system for 
Statkraft. Using PICASSO and new presentation 
techniques, this combines process data with 
procedural information from manuals, something 
that will also be applicable lo other processes. 

From the Vcslcfrikk (raim'iifi simu
lator. IFK has developed the imane 
system for the simulator and 
twi/latr/f//iwlrol nwv svsicw by 
emphyhifi PICASSO workstations. 

The second concept is being developed in 
collaboration with Statkraft. Il concerns a 
system for calculating the cost of incidental 
power. These projects involve skills in ihi- dand
ling of complex data structures and extensive 
data administration. 

In 1989 IFF has carried mil (in collaboration 
with Norcontrol Simulation a.s.) significant 
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expansion of the operator training simulator for 
the Oseberg platform, as well as carrying out an 
extensive maintenance ping-mvt. The expansion 
includes provision for the Troll-Oseberg (las 
Injection (TOti l) Project. Operators will be 
trained in the gas transport process from lhe 
Troll field into lhe Oseberg reservoir, and the 
instructor system will also be extended to 
include TOi i l trainiiig. 

Staloil's training simulator for the Veslefrikk field 
in the North Sea was delivered to their training 
centre al Sandsli, Bergen, in the autumn of 
1989. IFK has developed the image system for 
the simulator and emulated a control room 
system by employing PICASSO workstations. 
Around the PICASSO image generating system, 
modules are being developed that will be incor
porated into a siimtlitittr-nvneratinii too] for 
Norcontrol Simulation a.s. 

A project lias been earned out for Norsk Hydro 
Production a.s.. based on the HALO principle 
(Handling Alarms using I.Ogic). This has 
involved the development of user-friendly alarm 
lexis and hierarchical alarm presentations for the 
Oseberg A pfatfonn. A similar system for alarm 
management, imaging and man-machine 
communication in gas power stations has been 
developed for Simrad Albatross a.s. 

In the Forsmark 1 and 2 nuclear power plants in 
Sweden Ihe control rooms are now employing 
mnni'.tring systems based on technologies 
pre ousfy developed through a collahorntinn 
between IFF and Norsk Dala. 1FK has now 
secured the contract to update the equipment 
used ! ' i present process information, using I'NIX 
high-resolution graphics workstations and 
PICASSO. 

In a collaboration between IFF. Forsmark and 
the Swedish State Nuclear Power Inspectorate 
(SKII. a new alarm analysis system is being 
developed as a means for operator support in the 
event that the safety system has carried out a 
rapid shutdown of the power plant. After having 
been lested in a simulator, ihe system will be 
installed in one of the Fnrstuark power stations 
in W H . The next suijif will he to integrate this 
into ilu- com ml mom svstcm. 

Iwsil l"-Ilrn> mid fpim-f in tnlt 
iiirnluiy nuks sli-nr ulti nitwit in 
tnlmiriiHiIbit-wit ili/rhrr iriln 
nn n i/>mi; U inpi intuit in sidmii n 
t,iiyhlisiii-.IFI-:i),i.<lllnl,-l>ni,i 
in w nu tluil'»/' nn usiir/iifi tin M 
ulli Minni.-. Til. iiiitliiul.mibi••«.so/ 
I'ulli .i> .i tin rnuil mid liydfutrh-ii 
Ui-nrniliiw iiulloitur. Tlir lifiiin 
4uw<- MuhiU jiuiis.<tr.<l>.»<s imm 
ilirti nut h-mprrutim srllniUK. 'Tin 
hh/rlt >/"'/ mi milisp»rr is nlmut 
.'iimi in ilnmnti-rmidrrftrrsruk 
tin snisifirr un-nsiiniw 'fin "I Hir 
piinhmutcr. i 

Petroleum technology 
IFE's research strategy in petroleum technology 
is based on advanced mathematical methods and 
nuclear measuring techniques in combination 
with petroleum geology, flow technology and 
materials technology. Through, this, IFF-is 
contributing to the development of cost-effective 
innovative technology for the production of 
petroleum resources from the Norwegian Conti
nental Shelf. 

Reservoir modelling 
Most mathematical reservoir simulation models 
break the reservoir up into grid blocks, which 
are regarded as being homogeneous, in that, 
within each block, the reservoir properties 
controlling hydrocarbon flow have fixed values. 
As part of the SI'OR-funded project "Homogeni-
zation of Heterogeneous Volumes", procedure?, 
have heen developed at IFF for calculating repre
sentative values for rock parameters, especially 
rel.'ttiYf /«•mieabililir.s, in heterogeneous grid 
blocks. These procedures have been incorpo
rated into the computer program I 'SFl' I iO. 
Results are now being evaluated by comparison 
with data from the North Sea. 

An important aspect of IFE's SPOR-funded 
research is the development of new methods for 
the simulation of tracer movement in reservoirs. 
Calculations based on purely numerical methods 
do not satisfactorily describe the movement of 
tncer pulses in a reservoir. IFF has thus (level-
oped a combined numerical and analytical 
approach, which results in more accurate algo
rithms. The first step has heen lo develop one 
dimensional mathematical models providing 
analytical solutions for simulating the movement 
of tracers distributed between two phases, 
including the effects of tracer absorption in the 
reservoir. In I9S9 a two-dimensional simulation 
program was developed, which calculated 'racer 
concentration Hong a flow path as a function of 
time. The program is now being tested in a field 
Willi a number of injectors and producers, and 
\arious types of between-well heterogeneities. 
The objective is to assess reservoir features Mich 
as heierngeneitic- by measuring time taken for 
tracer pulses to break through al ihe production 
weils, and tracer pulse shape. 

iMuinex (Norge i A S is funding a project on 
polymer flooding applied to North Sea condi
tions. This is a three-year collaborative project 
between Instiltii fur Frdolforscliiing, histitut fur 
Tiefbohnechnik, Frdol und Frdt:asgewiuiiung 
iClauslhal. West (lernianyl. Rogaland Research 
Institute and IFF. IFF has responsibility for the 
simulation work, which includes developing and 
testing the simulators ;md simulation of both 
laboratory experiments and a polymer flood in a 
North Sea reservoir. During 198-1 IFF has deve-
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loped and tested a one-dimensional program for 
simulating the displacement of a bank of oil by a 
water-polymer mixture. This program makes it 
possible to calculate the composition of the 
polymer mixture with the maximum displace
ment properties for specific reservoir characte
ristics. 

Basin modelling 
Over the last 6-7 years, IFE has become a major 
force in the Norwegian basin modelling commu
nity. The research and development work has 
been performed in close collaboration with 
Statoil and the PetnA'um Directorate. The 
GEOSIM program system, which has been 
developed to simulate the processes leading to 
the generation and migration of oil and gas in 
sedimentary basins, has now been installed at 
Statoil and the Petroleum Directorate. GEOSIM 
is being used for regional evaluation of petro
leum potential, and for the planning of explor
ation strategies. 

GEOSIM is still under development. In 1989 its 
constituent programs were made more effective 
by the introduction of improved and more 
flexible mathematical and computational solution 
methods. It is now possible to model a wider 
range of geological processes. Basin thermal 
history is an important control on the chemical 
processes leading to the creation of oil and gas. 
Work is now being carried out to find numerical 
and analytical solutions to the relevant basic 
equations. A program designed specifically for 
modelling the movement of hydrocarbons after 
they have been generated (i.e., migration) has 
now been installed. During the year a two-
dimensional basin model was also developed, in 
which geological processes such as sea floor 
spreading, stretching and thinning of all or parts 
of the basement, and crustal underplating can all 
be modelled. The contributions of heat from 
newly-generated oceanic crust and the cooling 
and consolidation of underplated layers are 
included in the calculation of temperature history 
for the overlying basin in which oil and gas are 
forming. 

IFE's extensive experience in computer techno
logy and mathematics in connection with soft
ware development for "geoscale" problems has 
provided the background for IFE's involvement 
in the NAVF research program "Climate and 
Ozone". In 1989. a pilot project "Large Scale 
Modelling of Climate, Ocean and Environment" 
was carried out. This included preliminary* 
studies of the more mathematical and computer 
technological problems that musl be overcome in 
order to be able to construct large-scale simula
tion models for possible future climatic changes. 

Petroleum geology 
The most important tasks that are being tackled 
in this field are related to basin evaluation and 
reservoir characterization. 1989 activities in 

Streamlines andInnerpntfiles in a 
water injected heterogeneous riser-
mir. The tracer is injected hi injec
tion wet! II and the corresponding 
response are measured in the 
production wells /'. 

basin evaluation have concentrated mainly on 
improving the input parameters for basin model
ling; specifically, developing and improving 
thermal indicators. Additionally, the first version 
of a software package has been developed which 
combines information from all available thermal 
indicators to provide the best possible thermal 
history. Problems related to petroleum migration 
and the significance of source rock for the 
prediction of reservoir porosity and permeability 
have also been important features of the basin-
related research. 

On the reservoir characterization side, a data
base has now been established containing quan
titative geological information. Data on the size, 
shape and orientation of different Iithological 
units, together with their petrophysical proper-
lies, have been compiled from rocks that are 
analogous lo important reservoir rocks on the 
Norwegian Shelf. This has included field 
mapping of sand bodies from the Cretaceous 
Perron Sandstone in Utah, and establishing a 
database for use in stochastic modelling. This 
work has been funded by SPOR. The innovative 
use of laser technology for in situ analysis of 
carbon and oxygen isotopes in geological mate
rials provides another source of quantitative 
information important for reservoir characteriza
tion. 

Analytical services 
Analytical laboratories and procedures have been 
developed and improved in 1989 lo enhance 
IFE's capabilities for analyses related lo petro
leum geology and tracer technology. Analyses 
that are now carried oul routinely include the 
determination of S.Ni and V in oil and conden
sate, and the analysis of -'"'Po. --'•"Ac, -'-"Ra. 
-'-'Ka, tola! alpha/beta emission and total 
uranium in formation vvalers. 

In addition to analyses related lo the petroleum 
industry, «divides have included nuclear measu
rements in conned ton with fuel burn-up tests. 
and process and quality control for rare earth 
element products. 



Tracer technology 
Mosi of this activity is directed toward the oil 
and yas industry. The objective is to develop new 
tracer methods for improved reservoir descrip
tion, and to apply these in l a w scale field 
studies. 

A number of laboratory studies were carried out 
in 19H9 to investigate the behaviour of candi
dates for radioactive and chemical tracers under 
simulated reservoir conditions. Investigations 
have also been carried out on the measurement 
of ultra-trace substances in produced reservoir 
fluids. Tracers of interest include those with 
"ideal" behaviour, and those that show pro
nounced exchange effects with reservoir mate
rials (e.g.. sorption onto the reservoir rock, 
partitioning between fluids). Field tests in the 
North Sea haw been performed in parallel with 
the laboratory studies, including single well and 
weil-lo-well tests. The work has been supported 
by the SPOR program. Statoil, British Petro
leum. Phillips Petroleum Company Norway and 
Elf Aquitaine. 

Nuclear measuring techniques 
A collaborative project with HP Petroleum Deve
lopment (Norway) was completed in 19H9. This 
relaled to the development of a method for 
determining the absorption of thenna! neutrons 
by reservoir rucks, an important factor for inter
preting data from nuclear well logs. To support 
and complement this, preparations were als» 
made to establish equipment for neutron-induced 
sponiaiieiuis gamma emission activation 
analysis. The two inelnods will be used in future 
calibration work for pulsed neutron well logging 

During 19S9 a scries of measurements were 
made »f natural radioactivity in con- samples 
from exploration well*. Tin's has constituted part 
of a larger project for optimizing measuring tech
niques and improving inlercalibralion of nuclear 
data from core measurements and well logs. 

Tlie Institute's laboratory for neutron activation 
analysis has carried out projects fur a number »f 
companies and institutions, mainly for envi
ronment,)] applications. Activation analysis is 
also an iiiip»r''.nl l»»l fur use in unclear geo
physics. 

New lliei.rie- related to lion-linear dynamic 
sysiem- ami the physics of condensed phases 
have been ;ipplied In practical problems such as 
fluid flow in sedimentary rocks. The idea is to 
use i he fractal and niullifraclal distributions of 
pore volume for prediction of permeability and 
conductivity. These iheones have been extended 
in an attempt to find possible spalta! correlations 
in the distribution of log-derived iiomsily and 
permeability data. 

Multiphase flow 
The successful long-term collaboration with 

Fissum tracks in apatite an- used 
as ww indicator lor the thermal 
history ulsediments orer the tempe
rature intern/! apprnx. lilt In Kit ft' 
where nil is usually },'inerntcd. 
The tracks, which arc approx. lii^iiu 
lunt;, are neueraied by fission of the 
uranium isotope H.'if>. and aic short-
cnallfadcs upon mlhumeot 
eli vuled temperature ocer time. 

Slut; 'low, xpemiii ill m a "sonar, " 
oil it at, i ait lo-'pal I!•'!•:. Tin 
pnncs> nt rttlcn intniii processing. 
The uppa pieliin shows tin ditfltutd 
»riniital. The mxl pit tun is 
prat, >M ,/ to muk< tin intltcidunl 
pirns..- mon ri.-iht,. In the bottom 
pnlun onlrtlu nth rune.-an niadi 
etsiM,. 

SINTEF has resulted in the development of a 
dynamic flow simulator, OLGA. This is now an 
in t en i ill iona lly- recognized versatile tool for 
design of multiphase pipelines. It is expected 
that OUIA will become the industry standard fur 
the design, operational planning and simulation 
of multiphase transport systems. 

Within the NTNF research program for multi
phase transport lechm ;ogy (['KOFI'"). IKE has 
the responsibility for technical coordination in 
the iireas of flow technology and choice of male-
rials (erosion, corrosion). An important task has 
been lo establish the basis for physical and 
numerical modelling in a "m-w generation" simu
lator. Such advanced calculation tools will be 
used to enhance OLGA, and will also enable the 
inlroduclion nf multidimensional modules. Il is 
especially important lo improve the basic physical 
description of flow, and verify il experimentally. 
Detailed multidimensional measurements of flow 
structures will be critical for model-testing. 
Kelaled to this, close collaboration has been 
initiated with SINTEF/NTH {Norwegian Institute 
of Technology) and the Department of Mechanics 
at Oslo l rniversily U'iO). 

One ongoing project, involving collaboration with 
I ' i l ) and Institute de Mechaniijiie des Fluides in 
Toulouse, concerns detailed three-dimensional 
measurement of velocity and wave fields in hori
zontally stratified flow. Another area of activity 
is the use of new multiphase flow modelling 
methods, such as m a project for Saga Petroleum 
on the fractal description of slug flow and interp
hase surfaces. 



IFE'a close links with the Norwegian oil industry 
have been taken to new levels through a marke
ting agreement for OLGA, between IFE, SINTEF 
and the consultancy company Scandpower A/S. 
A separate limited company, Multiflow A/S, has 
been established, owned jointly by IFE and 
SINTEF, for managing and administrating 
contracts and agreements related to OLGA. 

Scandpuwer will haw responsibility for t in 1 

worldwide marketing of binary versions of 
OLGA. and fur offering consultancy services 
based on the use of OLGA. 

IFF has been an active participant in the formu
lation of strategies for "kil l ing" Saga's 2/4-1-1 
Ekofisk well. Ruth static ant! dynamic kill proce
dures were muddled using OLGA. OLGA was 
the only available program able to simulate ihe 
flow of different types of oil/drilling mud through 
the well-system, while regarding the relevant 
physical limitations of the injection-process, i.e. 
in pressuiv and available pumping-power. A 
special version of this program (wellkiller), 
which will run on a portable PC or workstation, 
is now under development. 

Gas measuring technology 
Kelnrv being delivered loSiatoil's K-I.ab. a 
-penal insininieni developed at IKE for mea
suring velocity profiles in «as flow was tested in 
IFE's gas flow rig. with excellent results. The 
instrument is constructed such that the mea-
-uring probe can be positioned remotely using 
magnet>. This obviate:- ihe need for openings in 
the pipe wall, thus reducing the risk of gas 
leakage. 

A three year software development project itinu-d 
at simulation of flow in complex pipe geometries 

Tin-photo shows the 'Sicirl Annie 
I'robc" -,(IFl-:-,larlof>r,i specialized 
instrumen! the mciisneinfi eelodiy 
profiles in ii jitisjh'ic - mounted in 
jiiisilioii u!Sl//!oil's K-hib ul Kneslo. 

was completed in 1989. Modelling experiments 
were performed in parallel with software deve
lopment in order to verify the calculations. The 
results have been very encouraging, and it is 
expected that the computational tools developed 
under this project will play an important role in 
the planning of new measuring stations. This 
will mean that pipe configurations that can 
create adverse flow conditions, and result in 
measuring errors, will he predictable and thus 
avoidable. 

Together with industry, IFE is following up the 
work carried out under the international 
standardization initiative for measuring quanti
ties of natural gas flowing in large transport 
pipes. 

Gas technology 
During 1989 a lest ri« for the study of gas 
hydrates was brought into operation. The rig 
uses Freon 12 as a substitute for natural gas, so 
that hydrates can be produced at relatively low 
pressures (ca. :i bar*. This makes it possible to 
study the formation and behaviour of gas 
hydrates under dynamic conditions, combined 
with multiphase flow in pipes. These activities. 
hunh-d by Norsk Hydro, are providing support 
fur the TOGI project. 

A project has been earned out for Saga Petro
leum a.s. on "Consequence Analysis for Realized 
Solid Oxide Fuel Cell Technology". The analysis 
showed that under certain conditio]".' (here could 
be a future market potential for fuel cells in 
Nonvay. especially in connection with decentra
lized healing plants. The use of fuel cells would 
result in environmental benefits compared to 
burning fossil fuels. 

Sehrniutu ;!h-str;ttion <>l tin- icell-
kil'hin (mtceditiv tor Sunn's 211- II 
IX..nisk nr!l. The dynamic ihue 
S'-tii'i.ilorOI.CiA played a nii/jor 
eoli in tin l>!uiniinfi •n'llw proet dun 
by providing crucial dttlit enmeriiinn t , _ ' , i n diverse 
Hie lecU'injnliiiii (truces*. 

Industrial 
energy technology 
The Institute's I'.nrk fit the field of industrial 
energy technology is based on a record o| l.mg-

h collaboration with Norwe
gian energy-intensive industries, combined with 
extensive energy conservation activities aimed at 
snmii and medium sized businesses. The main 
objective is to develop and promote the intro
duction of new met bods, processes and equip
ment which make more efficient use oi energy in 
industry, with consequent financial and environ
mental benefits. 

Energy conservation 
Good results have been obtained in the develop
ment i if a |'C-hased management system for ihe 
gram drying induslry. now installed in two drying 
plants, which funned part of the NTNF project 



"Industrial Drying Technology". A method for 
measuring the moisture content of wood, based 
on nuclear measuring techniques, is also under
going tests in a timberyard. 

As part of the NVE demonstration program for 
wind power. IFK has the task of measuring and 
evaluating wind conditions at possible sites for 
wind power stations. During 1989 measuring 
masts were erected and wind tests carried out at 
4 sites. At one site (Smola) a 300 kW wind 
power generator was installed. By the end of 
1989 there were three operational wind turbines 
in Norway. So far there have been few technical 
problems with these, and they are producing 
electricity for about 95 i. of the time. With stra
tegic positioning of wind turbines along the 
Norwegian coast, production costs are expected 
to be in the region of 0.3-0.5 NOK/kWh. 

For four years, IFF has been running the MOPE 
prototype and demonstration program "Energy 
Iii Industry" (EID. which came to an end in 
19S9. In all 75 businesses have received slate 
grants for investment in energy conservation. 
Their activities have subsequently been moni
tored and the results documented. In total about 
NOK 90 million were invested, and the calcu
lated energy saving is about 90 GWh per annum. 
The average payback time is about three years. 

IFE has further assisted NTNF in establishing 
two research programs: "Development of 
energy-efficient technologies for the power-
consuming industries" and "Hydrogen as an 
energy carrier", These projects will begin in 
1990 in close collaboration with Norwegian 
industry-

The following new programs have been esta
blished for the MOPE in 1989: 

• The EMIL program, designed to follow up the 
Ministry of the Environment's environmental 
package. Through state support (20%) this will 
encourage energi' users to introduce environ
mentally-friendly energy conservation 
measures . The expected energy saving is 
about 20 GWh/year and the expected reduc
tion in annual emissions will be about 30,000 
tonnes of CO.-, 125 tonnes of SOa, and 20 
tonnes of sool. The program will run for three 
years, and will initially concentrate on the 
areas of Romerike, Grenland and Drammen. 

• "Industrial Energy Efficiency Network", esta
blished on a trial basis for three business 
areas: dairies, mechanical engineering and 
wood conversion. The network is based on a 
Canadian model. It will function as an infor
mation transfer arrangement between compa
nies, industries and the authorities. 

• "Energy con s e n a t i on - trades consultancy 
arrangement". This is a program designed to 
enhance the knowledge of energy conservation 
consultants in areas related to energy 
consumption in various production processes. 
Comparisons between actual and "best 

Siniitlfilimt 11/temperature in the 
start-up periwi nf the DC-casting of 
aluminium. The geometry is expan
ding inside the mould and during 
the draw down of the aluminium. 
Until the aluminium billet, the 
starter black and the mould are 
included in this calculation 
performed with the AlJSIM model. 

possible" energy consumption will be used to 
identify .ireas in which improvements can be 
made. The program will last for several years, 
and will aim to develop methodologies as well 
as to carry out practical energy studies for 
Norwegian industry. 

• "Program for the application of heat pumps" 
has the objective of getting Norwegian energy 
consumers to make use of this technology.-and 
to build up a Norwegian manufacturing 
industry for heat pumps. IFE has respons
ibility for the information aspects of the 
program, while SINTEF-Kulde has respons
ibility for the associated documentation work. 
This is a -1-year program. Three seminars have 
been held to influence decision makers in 
industry. The program has also been adver
tised at exhibitions and trade fairs. A video on 
the use of heal pumps has also been produced. 

IFE is the Norwegian operator of the Inter
national Energy Agency (IEA) information 
system for efficient energy technologies 
(CADDET). A "national team" was established 
in 1989, bringing together representatives from 
industry, research and energy producers. 
CADDET produces fact sheets on the best 
demonstrated energy technologies, and IFE is 
distributing these nationally in several ways, 
such as by direct mailing and through courses. 
IFE has also promoted feedback from the most 
promising Norwegian prototype/demonstration 
programs, of which there were 5 in 1989: 
Passive solar heating (Alta kindergarten), glass-
covered buildings (Electrical building, NTH), 
electricity production using waste heat (Fe-Si 
works, Thamshavn), mechanical recompression 
(Ørsta dairy), from gas to electricity in glass 
production (Moss glassworks). 

IFE has been commissioned by the MOPE to 
develop a database (ENIDA) of documented 
energy conservation demonstration projects. 
This database will be a reference work for 
consultants and others working in energy 
conservation. 

Industrial process modelling 
For several years, IFE has been involved in the 
development of simulation models for the alumi
nium industry, in particular for continuous 
aluminium casting (the DC casting process». 
Such casting models improve understanding of 
the relation between casting conditions and 
product quality, hlkem Aluminium and Hydro 
Aluminium are IFE's industrial partners in this. 
A fruilful collaboration with SI has been esta
blished combining IFE's strength in industrial 
mathematics with Si's complementary expertise 
in materials science. Important improvement s 
have been made in aluminium product quality. 
The models ALSPEN and ALSIM are currently 
the most important for this application. ALSI'EN 
describes thernial stresses during DC casting of 
aluminium. A preliminary ALSPEN model has 



been installed for ie«t hij» at Sunndal Verk and 
Kannoy Fabnkki .SIM calculates thermal 
conditions during liie same process. 

A new collaborative project with SI. which 
started in 1989, aims to couple calculations of 
residual stress with calculated temperature path. 
The objective is to be able to predict the hard
ness, ductility and possible distortion of alumi
nium castings. 

The STEELTEMP model for steel casting has 
been extended during the year to handle mate
rials in the furnace with variable dimensions and 
different temperatures. 

Activities in process simulation have centred on 
the modelling of aluminium electrolysis cells and 
training simulators for large plants. The 
SIMCELL project, funded by Hydro Aluminium, 
is attempting to develop a total simulator for the 
electrolysis cell. 

The main objective of the EUREKA project 
PROSIM is to develop a system for constructing 
modular simulators. Most of the effort in 1989 
has concentrated on building up graphical confi
guration tools for simulators. 

A monitoring system for Fe-Si furnaces, devel
oped in collaboration with Elkem through the 
NTNF project "Monitoring of vulnerable produc
tion equipment in the ferrous alloy industry" has 
been further developed and modularized to fa' di
late adaptation to new furnaces. The system has 
been installed at an additional furnace at Salten 
Verk. and in the near future it will also be 
installed at furnaces in smelting works at Sauda 
and Bremanger. The monitoring system has 
made it possible to increase furnace throughput 
and achieve an annual production increase of 
10-20 million kroner for each furnace. 

Work in 1989 related to the monitoring and 
control of aluminium furnaces has been carried 
out in collaboration with Hydro Aluminium. A 
regulator has been developed for controlling 
oxide supply and anode height in furnaces with 
prebaked anodes. Test results for the regulator 
have been encouraging. A demonstration proto
type of an expert system for furnace monitoring 
has been developed, which, for example, can 
determine the causes of recorded temperature 
deviations. 

In the NTNF project "System for optimal econo
mical control" work is being carried out on 
specification and methodology for a new proto
type "economeler" for paper factories, based on 
real-time process data. Two postgraduate 
students are working on this project. 
For another NTNF project "Reg-iiation of 
irocesses that are difficult to represent" the data 
and regulation systems of four aluminium works 
are being studied to gather data for an expert 
system. Two postgraduate students are attached 
to this project. The project objective is to reduce 
the number of "problem furnaces". If the yield 

per unit of electricity can be increased for 1 in 
100 furnaces from 75% in a problem furnace to a 
more normal value of 90%, this would increase 
the total average yield by 0.15%. For Hydro 
Aluminium this would correspond to an increase 
in total annual production of NOK 10-15 million. 

Tlw TOGI-sinmlahr is a mil-time 
expert system for monitoring and 
simulating the two-phase gas trans
port pipeline from the Trull-field to 
the Oseberg-fietd. The system gives 
alarms based on real-time simula
tions and prediciton of future states, 

The development of a real-time expert system 
for monitoring and simulating the two phase gas 
transport pipeline from the Troll field to the 
Oseberg field was completed in 1989. The 
system gives alarms based on real-time simula
tions using on-line measurement data and 
prediction of future situations. The system has 
been expanded to enable interactive testing and 
training by the addition of a simulator which 
produces simulated data in place of real mea
surements. In this way the behaviour of the 
system can be assessed under abnormal running 
conditions. 

The training simulator for the Oseberg field has 
been extended by addition of the TOGI module. 
This includes models for the Troll production 
wells and the pipeline between Troll and 
Oseberg. IFE has also developed a gas network 
model which coordinates pressure and flow 
calculations between individual units in the 
complex. 

Materials technology 
Materials and corrosion 
Over several years IFE has performed a signifi
cant amount of research on fracturing during 
stress corrosion in ammonia storage tanks. Work 
in 1989 has focussed on stress corrosion testing 
of welded joints in carbon steel. Tests have 
shown that susceptibility to stress corrosion 
depends on the type of welding electrode used. 
The project is funded by the chemical industry 
and organizations in Europe and the USA. The 
results have proved to be of great practical value 
in assessing safely problems related to the use of 
large ammonia storage tanks. Results from IFE's 



testing program liave been taken into considera
tion in drawing up international guidelines for 
ammonia storage. The present project will finish 
in 1990. 
In Norway there is increasing interest in the use 
of titanium, with new applications continually 
being found for this metal. IFE has much experi
ence with the use of titanium, and has dissemi
nated a wealth of information mi it through the 
years, hi 1989 a further study has been carried 
nut on the use of titanium in subsea installations 
fur Saga Petroleum. This ha%'. involved the 
evaluation of titanium in tension releasers for 
tension leg platforms and in subsea manifolds. 

IFE is participating in a li-year EEC-funded 
EURAM project also investigating the use of tita
nium in offshore installations. This project 
involves collaboration between industry and 
research institutions in Finland, England and 
Spain. The objective is to study hydrogen uptake 
in titanium coupled to less noble metals which 
are cathodically protected, to reveal the limita
tions of titanium in subsea constructions. Expe
riments have shown that there are large 
differences in the degree of hydrogen uptake for 
different alloy compositions. 

Al the end of 1989. IFE completed a large expe
rimental project concerned with the internal 
corrosion of sleel in oil and gas production 
equipment and transport pipes. The project was 
financed by 5 oil companies. It has provided an 
important contribution to the understanding of 
the factors influencing COa-corrosion of steel. 
Experiments using a test circuit were designed 
so as to produce data suitable for mathematical 
modelling. With the aid of these experiments a 
model was constructed which forms the first 
basis for an advanced predictive model for steel 
corrosion in oil and gas production and transport 
equipment. 

Together with several oil companies, NTNF has 
initiated a large national project on multiphase 
technology. PROFF. The parts of PROFF related 
to nialerials technology are being performed main
ly at IFE, In future offshore projects such as Troll, 
development strategies will be based heavily in 
the transport of unprocessed hydrocarbons over 
large distances. In connection with the PROFF 
program, work began in 1989 on the construction 
of a lwo phase experimental flow circuit. 
The measurement of material loss using neutron 
irradiated sample fragments has over the years 
proved to be a useful method for studying corro
sion. The industry is now showing increasing 
interest in this method, which can be used for 
long-term monitoring of corrosion in processing 
equipment. This technique has, for example, 
been employed for eros ion /corrosion measure
ments in a Norsk Hydro processing plant since 
1988. The advantage of this type of measure
ment is that material loss can be detected with 
great accuracy over long periods without it being 
necessary to intervene or disrupt the process. 

The part of the national multiphase 
technology research program 
PROFF which is related to mate
rials loss, corrosion and erosion, is 
mainly executed at IFF. The picture 
slimes the machinery for a tuv phase 
corrosion testing hop. The circu
lation uf lite gas phase is based on 
the ejector principle. 

Metallurgy and welding technology 
Work in this field includes development projects 
and special production tasks for industry. Fields 
covered by such projects include physical metal
lurgy, heat treatment, high temperature solder
ing and advanced welding, particularly using 
electron beams. 

Several projects were carried out in 1989 related 
to jet engine components, rockets, sensors. 
valves etc. Preparations were also made for the 
production of engine lubes for Penguin missiles 
for Norsk Forsvarsteknologi. 

Nuclearfml 
Production in 1989 has included the manufacture 
of a number of experimental fuel elements for the 
Halden reactor, together with about I'll) standard 
fuel rods to charge the reactor. In the autumn of 
1989 a large fuel investigation program was 
started tor the Japanese company Power Reactor 
and Nuclear Fuel Development Corporation. 

The JEEP II research reactor 
The research reactor JEEP II is a national re
source for research, development ,.nd production 
based on neutron irradiation. The reactor is the 
basic tool for IFE's activities related to neutron 
physics, irradiation, isotope production and 
neutron activation analysis. Excess heat from the 
reactor is used lo heat the surrounding laborato
ries and offices. In 1989 a number of minor modi
fications were made in the operating conditions of 
the reactor. This has resulted in a ca. -!"•• 
increase in output. Many of the fuel elements in 
the reactor core were inspected during 19S9. 
Even though many of these were produced in the 
HHiOsand 1970s, no defects were detected, nor 
any corrosion damage or oilier faclors that could 
limit the lifetime of the fuel. The first elemenl 
from the fifth new charge of fuel was inserted 
into the reactor in 1989. According lo Un
improved refuelling strategy, the new fuel charge 
should improve its lifetime considerably. The next 
refuelling operation -s planned for 1997. 



Isotope and 
irradiation activities 
IFE product's and supplies isotope products ;ind 
irradiation services for medicine, industry and 
research. The Institute also pursues the develop
ment of new products and methods, promoting 
new practical applications of radioisotopes and 
irradiation. 
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Isotope supply 
This work includes the production, control and 
distribution of radioactive medicines, chemicals 
and radiation sources. Most of the products go 
to hospital nuclear medical departments and to 
research laboratories at universities and colleges 
in Norway. Radioactive medicines and the inac
tive ingredients needed in their manufacture 
constitute the major part of (his product group. 
Radiopharmaceuticals are used mainly in diag
nostics, for the visualization of organs and organ 
function studies. 

The development of new radiopharmaceuticals is 
being carried out in close collaboration with 
hospitals and pharmaceutical companies. Work 
has continued in 1989 on the modification of an 
existing technetium preparation for the diagnosis 
of certain types of cancer. A close collaboration 
was also established with a French producer of 
radiopharmaceuticals on the production of a new 
medicine for studying liver function. Much 
emphasis has been placed on increasing interna
tional contacts in the radiopharmaceuticals area, 
and links with Spanish and French collaborators 
have been strengthened during the year. This 
has led to an increased production of radiophar
maceuticals for the EEC market. 

Much of IFE's research on the development of 
new radiopharmaceuticals using raw materials 
produced by advanced biotechnology has been 
carried out in conjunction with Nycomed A/S. 
Through this collaboration IFE is involved in the 

IFETEC is produced by IFE and 
is delivered weekly to 25 norwegian 

IFETEC is a so-called technetium 
generator from where "" Tc can be 
eluted. During production thegene-
rator is loaded with " Mo which is a 
radionuclide creating *** Tcby 
radioactive decays. By this method 
hospitals kave access to •Wm Tc daily 
in spite of the short halftife (6 h) of 
the nuclide. 
The picture shows IFETEC" placed 
in a lead laboratory shield for safe 
Initialing and radiation protection of 
She operator. 

development of a new generation of medicines. 
Such work is demanding in terms of resources 
and expertise. The work has concentrated on 
finding specific "homing" molecules which, after 
being marked with radioactive isotopes, are 
injected into the body and are subsequently acti
vely targeted at, and concentrated in, cancerous 
or other types of unhealthy tissue. IFE's efforts 
have been concentrated on the problems of 
marking the new molecules with appropriate 
radioactive isotopes, development of relevant 
analytical methods and designing biological 
models. 

There is continued interest in the use of radio
active isotopes in the development of conven
tional medicines. Radioactive isotopes can be 
used to study the passage of medicines through 
the body and the way in which the active ingredi
ents are taken up and distributed around the 
body. 
In a project initiated by the Nordic Drug 
Committee, IFE, in collaboration with the State 
Drug Control, has contributed to the drawing up 
of guidelines for the handling and supervision of 
radiopharmaceuticals in hosptals. IFE has also 
been commissioned by the Department of Health 
to prepare a proposal for a national procedure for 
approving radiopharmaceuticals. 

As a result of the increasingly stricter demands 
on radiopharmaceuticals in terms of production 
methods and documentation, both nationally and 
for the export market, laboratory conditions 
must be continuously improved. During 1989 a 
clean room has been built at IFE. Initially this 
will be used for production of the technetium 
preparation kit. 

Strict rvintirenwnts ore set In the 
standard for the premises mid 
manufacturing prwrss in the 
production of radiopharma
ceuticals. The picture slwws u new 
"Clean room. Class-WO". which 
will be used in the protluctimt uf 
technetium kits. 

Quality control of radiopharmaceuticals, radio
chemicals and their raw materials is an ongoing 
activity. Analyses include stability investigations 
and parameter determinations related to the 
development of new prwhicls. JFE has also been 
involved in preparing monographs for new 
radioactive medicines for the European Pharma
copoeia. 



Irradiation services 
IFK's iiT;i(li;iiii>n serv ves fur Norwegian research 
and industry make use of the JKKI* II reactor and 
ihetfitiuna irradiation facility. 

Neutron eradiation in a reactor jjenerates 
radioactive species I hat can then 1)»- used in the 
production nf radiopharmaceuticals, radioehemi-
cals. tracers and radiation sources for use in 
medicine, industry and research. Neutron inu-
diation can also In- used fur the precise regula
tion of the Semiconductor properties of super 
pure siJiiiiri crystals. Thnntith neutron acthati*») 
these can he «iwn an evenly distributed dose of 
phosphorus atoms, thus optimizing their elec
trical properties. 

The yamma irradiation facility employs ionizing 
radiation from a ""Co source, (lamina radiation 
does imi induce radioactivity in the irradiated 
substance, but can cans»1 displacement ol'rlec-
irons (ionization). Depending mi the dusaiu' 
leiven, lianima irradiaiion ean In-used for limiting 
bacterial acti':!/. complete sterilization or 
chemical nv clification of organic substances. 
Markets for this service include ihe foodstuffs 
and plastics industries, and the manufacturers of 
disposable medical equipment and packa^in^. 
The most important product jjroiip is currently 
spices and flavourings fur the foodstuffs industry, 
of which about :>.">() tonnes of material are yiven 
antibacterial lymiina irradiation treatment annu
ally. 

strier A/S. 
Non-linear chaotic and turbulent phenomena. 
such as convection in liquids and paramagnetic 
rotation of niotindisperse particles, are bc-iiiy 
studied by neutron diffraction and optical 
microscopy respectively. 

Basic research in physics 

Neutron beams produced by IheJKKP II reactor 
are used in I he study nf structures in Ihe 10 "'-
HI 111 size rani^e. Substances such as polymers 
and emulsions have been studied in collaboration 
with academic and industrial research groups. 
This subject was treated in depth at an iuterna-
lional research course in (leilo in April HIH9. 
with financial support from the NATO science 
program. 
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Special functions 
A number of activities are a consequence of the 
Institute's national responsibilities in nuclear 
matters. These include advisory projects for the 
authorities, running a nuclear technology library, 
fuel services for the Halden Project, and partici
pation in the Nordic reactor safety program. 
Activities related to radiation protection and 
radioactive waste are determined mainly by IFE's 
own nuclear work and operation of the reactors 
and nuclear laboratories. 

Library and literature services 
IFE's library is not only the scientific library for 
the Institute. It also acts as a reference library 
for nuclear technology and energy research lite
rature. In addition to internal databases, the 
library also accesses a number of international 
databases for retrieving information. In a 
collaborative project organized by the IEA, and 
under an agreement between the energy authori
ties in Scandinavia and the USA on the exchange 
of energy information, Norwegian energy litera
ture is referenced and fed into the Enersy Data 
Base. 

References from publicly funded Norwegian 
energy projects are included in a USA database, 
and used in the production of the Nordic Council 
of Ministers' catalogue of Nordic energy 
projects. This catalogue is distributed in Norway 
under contract from the Council of Ministers. 
Referenced literature and project descriptions 
are entered in the Nordic Energy Index data- j 
base. Norwegian literature on atomic energy and 
related areas in physics and nuclear medicine are 
referenced and entered into the INIS database of 
the International Atomic Energy Agency (IAEA). 

National and international nuclear 
power liaison 
IFE gives technical support to the Norwegian 
authorities in the ongoing program of interna
tional collaboration in atomic energy matters. As 
Norway adheres to the nor. proliferation treaty, 
all nuclear materials in the country are open lo 
inspection by the IAEA. IFE carries out the 
practical measures demanded by the safety 
inspection agreement between IAEA and 
Norway. IFE maintains the national registration 
and management system for nuclear materials as 
sel <iul in the agreement. The ongoing interac
tion with the IAEA safety inspectorate, for 
example through routine reporting of stocking 
levels, means that IAEA are kept well informed 
on the situation in Norway. IFE has provided 
support for the authorities in other international 
matters related to atomic energy, such as 
Norway's participation in the IAEA and OECD 
Nuclear Energy Agency (NEA}. IFE also 

{'mm (lisiiHiiitliiitf aj Hir uranium 
purificationptfatplant. Thepicture 
b> the left slums an opened ucthr ce 
iviih u circular sample chunner unit. 
An important task of thf dismant
ling work is In decontaminate equip
ment and building constructions so 
it can /«• classified as non-radio
active. Otherwise the components 
mid structures must be (rented «nut 
shred us radt'o/ictirr waste. The 
picture to ihe right shows ports of 
the curcular sumplc changer after 
treatment with chemicals and wet-
blasting. 

provides expert support in nuclear safely and 
radiation protection for the Action Committer for 
Nuclear Accidents (AVA). 

Safety and environmental services 
The safety aspects of running lEE's reactors and 
laboratories arr monitored by the Safely 
Committee and ils subcommittees. The Safety 
Committee provides safely clearance for experi
ments, changes in operating staff and procedures 
and modifications to IFE's nuclear facilities and 
reactors. The Safety Committee acts in an advi
sory* capacity to IFE's management in safety 
matters, and ensures that the regulations and 
conditions set out by the State Nuclear Inspecto
rate (SAT), ihe Stale Institute for Radiation 
Hygiene (SIS) and the Labour Inspectorate are 
met. The Institute places much emphasis on 
protection against industrial espionage, and has 
its own committee for computer security. 

The radiation protection service carries out 
routine monitoring of radiation resulting from 
the Institute's activities. During 1989 there were 
no operational safety incidents of significance for 
IFE's personnel or facilities. Monitoring has 
shown that the average radiation dose of the 
appr. 25% of IFE's employees who were exposed 
lo radiation in 1989 lay at about fi".. of the dose 
limit for occupational exposure, and no closes 
exceeded recommended levels. The recorded 
amounts of radioactivity released lo the environ
ment from the Institute have, as in previous 
years, been very small and of no 
environment] significance. 

Several types of services are offered externally in 
collaboration with SIS. Examples include finger 
dosimetry, mainly applicable to the larger hospi
tals in Norway, and calibration of hand-held 
instruments for measuring radioactivity. During 
1989 the radiation prnlection service has been 
involved with checking X-ray <*\w\mien\ used Uir 
a variety of purposes, and evaluating safely in 
work situations involving the use of radiation and 
radioactive materials. 

IEE lias carried out a number of projects for 
local government, housing corporations and 
private individuals on Ihe nieasurenieiil of radon 
gas levels. In collaboration wild ihe Norwegian 
(ieological Survey (N(iU), a complete package 
can now be offered for the evaluation of radon 
hazards in, for example, planned housing 
estates. 
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The laboratory for environmental monitoring, 
which carries out the mandatory monitoring of 
IFE's releases to the environment, is specially 
equipped to be able to measure minute amounts 
of radioactive pollutants. This is one of the few 
laboratories in Norway equipped to measure 
"difficult" radioactive pollutants such as stron
tium and plutonium. The laboratory participates 
continuously in the IAEA quality control program 
for such analyses. The laboratory collaborates 
with institutions in Norway and abroad, and 
participates in Scandinavian collaborative radio-
ecological research, at present particularly focus
sing on Chernobyl fallout. A number of external 
projects were carried out in 1989. including 
nationwide monitoring of radioactive fallout, for 
which IFE took over responsibility from the 
Norwegian Defence Research Establishment in 
1982. Samples of air, precipitation and milk are 
analysed, covering stations at Kjeller, Bergen, 
Stjordal and Tromso. IFE has been given several 
tasks related to the recommendations of the 
Fretheim Committee for a national action plan 
for nuclear accidents, including a project on the 
marine environment in association with the Insti
tute of Marine Research. 

Nordic safety program 
Reactor safety work at IFE has contributed to 
Nordic collaborative projects directed by the 
Nordic Liaison Committee for Atomic Energy 
(NKA). These projects, funded in part by the 
Nordic Council of Ministers, dealt with method 
development and data production for risk 
analysis, analysis of the consequences of a 
nuclear accident and planning remedial action. 
The Chernobyl accident has demonstrated the 
wisdom of maintaining competence in such 
areas, even in countries that do not have their 
own nuclear power industry. For these countries 
external collaboration projects are important for 
maintaining and strengthening national technical 
expertise. The NKA-funded projects finished in 
1989. Similar Nordic collaboration will continue 
with direct funding from the Nordic safety autho
rities. Future work will focus mainly on a con
certed response to possible nuclear accidents. 

Radioactive waste 
In addition to the routine tasks of radioactive 
waste collection, treatment and storage, a signi
ficant amount of work was done in 1989 on the 
disassembly of the uranium purification pilot 
plant. From 1990, this will form a project within 
the new Nordic safely program. 
In Norway's three largest hospitals (Radium
hospitalet, Rikshospitalet, Haukeland Sykehus) 
aging radium irradiation units and ""CO sources 
are now being replaced. Special lead and con
crete waste receptacles have been constructed 
for these strong radiation sources. IFE has 
planned and carried out the transport and 
exchange of the radioactive materials. IFE 

receives a steady stream of obsolete radiation 
sources and radioactive waste from industrial, 
defense and research institutions. 

IFE collaborates with other Nordic countries on 
technology related to the decommissioning of 
nuclear plants, and with oil companies on 
problems related to the handling of low level 
radioactive substances such as scale, (internal 
deposits in pipes and petroleum production 
equipment), which accumulate during cleaning 
operations. 

During 1989 the Ministry of Petroleum and 
Energy commissioned a committee to prepare 
and make suggestions for the disposal of low and 
medium level radioactive waste in Norway. 

Accounts 
The Institute's total income in 1989 was NOK 
254.7 million, of which NOK 159.1 million 
derived from activities at Kjeller, NOK 95.fi 
million from work at Halden. 

The balance sheet showed a surplus of NOK 1.9 
million for 1989, which was carried over as 
operating capital. IFE's income from contract 
research and service work made up about 65'^ of 
the total turnover in 1989. This figure is very 
high, despite the fact that many of IFE's activi
ties are of a basic research nature, and especially 
considering the extraordinarily high infrastruc
ture costs associated with the running of the 
reactors and nuclear laboratories {e.g. safety, 
radiation protection, management of nuclear 
materials, handling and storage of radioactive 
waste). In industrial and petroleum-related areas 
income from contract work represented about 
75% of the total income. 

Personnel 
At the tum of the year 1989/90, IFE had 520 full 
lime employees, the same number as the 
previous year. Of these. 320 were looked at 
Kjeller and 200 in Halden. Staff turnover in 1989 
was 6%. 181 employees had university or college 
degrees and 135 had qualifications from technical 
college. In the course of the year 4 of the Insti
tute's researchers have bee.; involved in postgra
duate studies in Norway or abroad, and 4 have 
been given study leave to pursue other forms of 
higher education. 

http://95.fi
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