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STATEMENT 
FROM THE 
BOARD 
During 1990, Institutt for energi
teknikk (IFE) has strengthened its 
position in the Norwegian techni
cal and research community as the 
national research institute for ener
gy and nuclear technology. This 
has involved working closely with 
national and international energy 
authorities and administrative 
bodies. 

IFE performs a wide range of tasks 
and functions for the authorities, 
including maintaining national 
competence in nuclear power, pro
duction of radioactive medicines, 
treatment and storage of radioacti
ve waste, and energy efficiency. 
Through active collaboration with 
the energy authorities, oil compa
nies, power generating companies 
and large industrial energy consu
mers. IFE carries out a compre
hensive list of specialised research 
projects related to the development 
of new technologies and to increa
sing the efficiency of industrial 
processes and the use of energy 
and resources. Collaboration on an 
international scale is important in 
order to widen the scope of the 
research and as an effective means 
of technology and knowledge 
transfer. 

In reactor technology and informa
tion technology, international col
laboration occurs primarily 
through the Halden Project while 
petroleum-related research invol
ves collaboration with internatio
nal oil companies and foreign rese
arch institutions. The Institute is 
working increasingly closely with 
the International Energy Agency 

(IEA) on energy-efficient technolo
gy and energy and environmental 
systems analysis. 

THE HALDEN PROJECT 
The international Halden Project has 
enabled IFE to enhance national com
petence in reactor technology and to 
make a contribution to Norway's radi
ation protection preparedness. The 
Halden Project also enables IFE to 
keep its finger on the pulse of impor
tant new international developments 
in areas such as reactor operation and 
safety. This, in turn, provides a basis 
for the independent evaluation of 
reactor technologj' and reaclor safety 
issues, and the support IFE provides 
for the Norwegian authorities in inter
national matters related to nuclear 
energy, such as Norway's participa
tion in the International Atomic 
Energy Agency (IAEAI and the 
OECD - Nuclear Energy Agencv 
(OECD/NEA). 

Collaboration with foreign research 
and industrial communities in infor
mation technology has generated 
results which are being applied in a 
wide range of projects for the 
Norwegian energy and process indus
tries, as well as in development work 
for Norwegian systems n^nufactu-
rers. An important part of this work is 
the development of computer-based 
systems to give safe, reliable and 
effective operator support in complex 
industrial processes, under both routi
ne and non-routine running conditi
ons Such collaboration is an effective 
means of gaining access to internatio
nal frontier technologies, which can 
then be applied to development work 
for Norwegian industry. A major task 
in 1990 has been the development of 
the TOGI (Troll-Oseberg Gas 
Injection) training simulator, as an 
expansion of the previously delivered 
Oseberg training simulator. For the 
Norwegian Power Pool a pricing sys
tem for spot-market exchange power 

has been developed, and for the Slate 
Power Boards' regional centre for eas
tern Norway, a computer based opera
tion and information system was 
installed. 

Those who have taken part in the 
1988-1990 phase of the Halden 
Project comprise over 40 organizati
ons from 8 European countries, japan 
and the USA. In the autumn of 1990 
approval was granted by the authoriti
es for a new international agreement 
for the period 1991-1993. In this new 
phase, the list of project members will 
be expanded to include two new 
OECD countries. Spain and 
Switzerland. The Halden Project has 
also served to demonstrate the bene
fits of effective international marketing 
for Norwegian research services. 

PETROLEUM 
TECHNOLOGY 
The main research thrusts in this area 
are directed towards the development 
of cost-effective technologies for the 
exploration and production of oil and 
gas. 

IFE has carried out research projects 
for the petroleum industry and for the 
authorities in a number of exploration 
and production technology areas: 

• Basin modelling and basin evaluati
on, contributing to more efficient and 
accurate exploration, and improving 
the basis for resource appraisal. 

• Reservoir description, with empha
sis on the treatment of geological hete
rogeneities, provides the basis for opti
mizing production strategi' and impro
ving recovery. 

• Reservoir simulation, i.e. simulating 
the movement of liquids and gases in 
the reservoir under various production 
scenarios, improves resource exploita
tion by enabling optimal control of the 
production process. 
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• Tracer technology and nuclear mea
suring techniques provide more preci
se information about flow conditions 
at the basin and reservoir scale. 

Most of the research on field develop
ment and operation strategies has 
centred on multiphase technology. 
Developments based on multiphase 
technology are being increasingly 
used on the Norwegian shelf, one of 
the main advantages being the ability 
to develop satellite fields using exis
ting infrastructures. The Troll deve
lopment is based on bringing well 
streams to shore partly in an untrea
ted condition. The success of the Troll 
project will probably stimulate the use 
of similar concepts in future field 
developments. During 1990. the 
Institute has carried out development 
work on the OLGA llow simulator 
and its industrial applications. 
Additionally, a number of projects for 
industry have been carried out invol
ving experimental studies of multip
hase flow. The marketing of OLGA 
through Scandpower A S started in 
1990. This represents a successful 
cooperation between industry, consul
tants and research. Continued close 
contact with industry is viewed as 
essential in order to ensuie that future 
development of the model is fit-for-
purpose. The aim is for OLGA to 
become the industry standard for 
design of multiphase pipelines. 

INDUSTRIAL ENERGY 
TECHNOLOGY 
IFE's activities in this field are based 
on long term and extensive research 
collaboration with Norwegian energy-
intensive industries Particularly satis
fying results have been obtained in 
1990. 

Process simulation work at IFF con
tributes to optimizing the design and 
operation of processes through the 
development of mathematical models 

for the physico-chemical changes 
which take place in industrial manu
facturing processes. Much of the work 
in 1990 has related to the modelling 
of solid oxide fuel cells (SOFCl and 
the development of simulators for 
industrial processes. IFE's process 
control work is aimed at the develop
ment of new methods and applicati
ons for advaneed control and monito
ring systems, process optimization, 
technical and economical operation 
support systems and systems analy
sis. 

The scope of collaborative (with 
MEFOS. SI and SINTEF) materials 
modelling projects has widened 
during 1990. This is largely a result of 
IFE's special capabilities in using 
mathematical modelling as a tool for 
integrating materials, processes and 
energy technology. Customers include 
Hydro Aluminium. Elkem 
Aluminium. Vereinigte Aluminium-
Werke (Bonn) and the Norwegian ste
el industry. 

Priority work on new energy techno
logies has included the harnessing of 
wind power. Some work has also 
been carried out on assessing the fea
sibility of solar power and the use of 
hydrogen. The main wind-related acti
vities have been running wind measu
ring stations, analysing wind data and 
evaluating the suitability of proposed 
sites for wind turbines. 

ENERGY EFFICIENCY 
IFE cooperates in this area with 
authorities, suppliers of energy and 
technology, manufacturers and energy 
consumers imainlv industry! 
Important sponsors include the 
Ministry of Petroleum and Energy 
lOEDl and the Royal Norwegian 
Council for Scientific and Industrial 
Research (NTNFl 

By providing industry with prototype 

and demonstration programs. IFE has 
come to occupy a central role in 
inventing and demonstrating new-
techniques for the efficient and ecolo
gical exploitation of energy resources. 
A key factor in this is business-speci
fic knowledge of energy technology 
and energy consumption by industry. 
Such knowledge is being utilised in a 
business network program for energy 
conservation analyses. Around 20(1 
businesses are now participating in 
this network. 

IFE has gained valuable experience in 
directing and administrating econo
mic incentives programs. This has 
come about through involvement with 
the energy and environment program 
EMIL. and through the Institute's role 
in providing technical support for 
Industribanken s subsidy scheme for 
energy conservation. Field studies 
have also contributed to an under
standing of the effects of various mar
ket stimulation measures. This know
ledge base is an important resource 
for the authorities responsible for 
planning future energy conservation 
strategies. 

For a three year period. 1FE has assu
med responsibility for a program cal
led Information Initiative lor Energy 
Conservation, which through educati
on and information seeks to affect 
altitudes towards energy conservation, 
leading to the more efficient and envi
ronmentally sound use of energy 
Information on energy conservation is 
being disseminated to the relevant 
environmental groups through exhibi
tions and courses 

MATERIALS 
TECHNOLOGY 
In this area, much of IFE's w ork is 
directed at internal erosion corrosion 
in oil and gas pipes and processing 
equipment This includes a long-term 
mulliclient project which was started 
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in 1990 to investigate CO.. corrosion 
of carbon steel. 

One area which is receiving special 
attention, in collaboration with the 
Norwegian and international oil 
industry, is formation and dissolution 
of corrosion films on carbon steel in a 
CO..-rich environment. This project 
has generated a fundamental under
standing of the (actors controlling ste
el corrosion. 

Dew corrosion is a problem in 
gas'condensale pipes, where gas coo
ling can result in the condensation of 
corrosive water. This problem is being 
investigated in connection with the 
Troll field development. 
IFE represents a centre of expertise in 
Norway on the uses of titanium. For 
example. IFE is participating in an 
EC-funded "EURAM" project on 
applications of titanium in the offsho
re industry. 

ISOTOPE AND 
IRRADIATION SERVICES 
The Institute continues to perform a 
special national function in isotope 
technology, with responsibility for the 
manufacture and control of radioacti
ve medicines (radiopharmaceuticals), 
and their distribution to Norwegian 
hospitals. Additionally, radioactive 
chemicals and radiation sources arc 
produced for use in industry and resc 
arch. Between fit) and 7(1"<> 01 
Norway's radiopharmaceuticals are 
manufactured at IFE, In connection 
with this radioisotope supply sen ice. 
radiopharmaceutical R&D is on-going 
at IFE. including making improve
ments to existing preparations 
Development of new products is car
ried out in close collaboration with 
hospitals and pharmaceutical 
companies 

In connection with its radiopharma
ceutical activities, IFF. also carries out 

control and quality assurance work 
for the authorities on radiopharma
ceuticals intended for use in Norway, 
This includes, for example, determi
ning the quality of imported radioacti
ve medicines, development of control 
methods, norms and standards, and 
pharmacopoeia compilation. 

Irradiation services are based on the 
jEEPTI reactor and the gamma irradi
ation facility, these being unique in 
Norway. Irradiation projects are carri
ed out for Norwegian research institu
tes and for industry, and as far as 
capacity allows profitable irradiation 
tasks arc carried out for foreign 
customers. 

The gamma irradiation facility utilizes 
radiation from a "Co source. This 
does not induce radioactivity in the 
irradiated materials, but sufficiently 
high radiation doses will destroy 
microorganisms. Gamma irradiation 
is thus used for sterilization, for exam
ple of disposable medical equipment. 
Food products such as spices and fla
vourings are also irradiated to reduce 
the number of microorganisms to an 
acceptable level. 

BASIC RESEARCH IN 
PHYSICS 
Neutron beams from the [EEP-fl reac
tor are used for investigating structu
ral and dynamic conditions in solids 
and liquids. The work carried out at 
IFE represents a large contribution to 
Norway's scientific research in this 
field 

The Institute has now commissioned 
equipment for studying small angle 
diffraction, which makes it possible to 
extend the measurable scale from 
atomic to microstruclural This work 
is being earned out in collaboration 
with Norwegian and foreign academic 
and industrial research groups The 
new apparatus will, for example, ena

ble neutron diffraction techniques to 
be applied to the study of pore struc
tures in sedimentary rocks. 

Monodisperse microparticles 
(Ugelstad spheresl are now being 
used at IFE for modelling work in 
condensed phase physics and materi
al science. The phenomena under 
investigation include spatial and tem
poral changes in aggregates of magne
tic particles and "holes". Such experi
ments have impact on. for example, 
understanding phenomena such as 
turbulence. 

SPECIAL FUNCTIONS 
This area covers work on radiation 
protection, radioactive waste, the nati
onal reference library and special 
tasks for the government. The latter 
involves Norway's obligations related 
to participation in international nucle
ar power projects. 

Work on radiation protection, envi
ronmental services and radioactive 
waste management partly results from 
IFE's own activities related to its reac
tors and laboratories, but also inclu
des the provision of services for other 
Norwegian users of radiation sources 
and radioactive materials. IFE forms 
part of a national system for the mea
surement of radioactivity, IFE also 
deals with radioactive waste from 
external users of radioactive substan
ces One example of this involves dea
ling with a large amount ( 25 tonsi of 
scale ideposits in oil industri" pipeli
nes and equipment! containing low-
levels of radium At present there is 
no alternative way to deal with this 
kind of waste 

IFE's library serves as a national refe
rence library for nuclear technology. 
The library fulfils Norway's obligati
ons with regard lo international data
bases of energy-related literature 

In connection with international 
atomic energy issues, particularly 
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those related to IAEA and 
OECD/NEA. the Institute renders 
assistance and advice to the authoriti
es. IFE carries out the monitoring and 
safety inspection of nuclear substan
ces under the auspices of IAEA, thus 
fulfilling a national responsibility with 
regard to the non-proliferation treaty. 

ECONOMY AND 
PERSONNEL 
The Institute's total revenue for 1990 
amounted lo NOK 282 million, of 
which NOK 179 million derived from 
activities at Kjeller and NOK 103 mil
lion from Halden. The accounts show 
a profit for the year of NOK 4 million, 
which is to be carried forward. A total 
of 513 man years of work were 
expended in 1990. 
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ACTIVITY 
REPORT 
THE HALDEN PROTECT 
Through its involvement in the inter
national Halden Project. IFE main
tains national competence in reactor 
technology. The Halden Project provi
des a cost effective means for IFE to 
stay abreast of the most important 
international technical advances rela
ted to reactor safety :n'l operation, as 
well as maintaining the neiessary 
independent technical basis for evalu
ating reactor safety technology issues. 

Collaboration with leading foreign 
research and industrial communities 
in information technology has genera
ted results which are being applied in 
a wide range of projects for the Nor
wegian energy and process industries. 

The Halden Project technical program 
is concentrated on two main areas: 
fuel and materials technology, based 
on experimental work using the 
Halden reactor, and information tech
nology, with emphasis on the deve
lopment of computer-based systems 
for controlling and monitoring com
plicated energy plants and industrial 
processes. 

More than 40 organizations in 8 
European countries, plus the USA 
and |apan. participated in the 1988-
1990 phase of the project. The next 
agreed phabe. 1991-1993. will see the 
list of participants expanded to inclu
de two new OECD countries. Spain 
and Switzerland. In a unique example 
of international collaboration, the 
Halden Project contributes to techno
logy transfer in several areas of 
importance for Norwegian industry. 
In 1990 relevant examples are found 
within the development of control-
room technology, process-surveillance 
and simulator systems for the energy 
and process industry, and within the 

development of computer-based ope
ration- and information systems and 
pricing-systems for the electric utility 
sector. For many years, the Halden 
Project has demonstrated the effect of 
professional and efficient international 
marketing of Norwegian research ser
vices in a high-tech competitive and 
unusually exacting market. 

Fuel and materials 
technology 
Research activity in this area in 1990 
has shown a distinct increase in the 
amount of contract work, and the start 
of several new programs aimed at 
improved safety and reliability of 
reactor core components. Key factors 
under investigation include the opera
tional reliability of reactor fuel and 
changes in material properties under 
varying conditions of radiation and 
water chemistry. Progress has been 
very satisfactory on the fuel and mate
rials test program, and about 40 diffe
rent fuel element designs have been 
tested. The reactor has been operatio
nal for seven months during 1990. 
Approximately 100.000 tons ol steam 
have been supplied for use to Saug-
brugsforeningen. a local paper mill. 

The most important new technical 
developments in 1990 include: 

• Start-up of a new high-pressure sys
tem for studying the corrosion effects 
of specific additives to. or impurities 
in. the cooling water. 

• Establishment of a new measure
ment technique for monitoring chemi
cal impurities in cooling water (accu
rate to 1 ppbl. In collaboration with 
General Electric, a new ion chromato
graphy system has been installed in 
connection with the corrosion experi
ments This involves measurement of 
oxygen and hydrogen content in the 
water, together with its conductivity. 

• Testing of sensors for measuring pH 

and electrochemical potential at high 
temperature and pressure (320"C. 150 
bar). This has led to the installation of 
a water monitoring system in the 
Dodewaard reactor in the 
Netherlands. 

• A cladding corrosion experiment 
has been started in collaboration with 
American and Japanese industry. The 
experiments demand two-phase con
ditions in parts of the test section, and 
local enhancement of the radiation 
field. The latter effect is obtained by 
surrounding the lest section with a so-
called booster element. 

• A comprehensive test program for 
gas reactor fuel has been started in 
collaboration with the British firm 
Nuclear Electric. Thirty fuel rods will 
be tested. This is the first time that gas 
reactor conditions have been simula
ted at the Halden reactor. 

• Progress has been made in the stu
dy of fuel behaviour under high burn
out conditions. The objective is to 
reduce the amount of spent fuel pro
duced from power-generating reactors. 
Depending on the operating conditi
ons and the specific reactor system, it 
may be calculated that a 40-50 °/o 
reduction in fuel consumption is pos
sible. In 1990. high bum-up experi
ments have yielded important infor
mation about how the thermal con
ductivity of the fuel becomes reduced 
during bum-up. A new method for 
measuring fuel temperature was 
demonstrated during these experi
ments. 

• An experimental program was set 
in motion, directed towards the testing 
of the general properties of materials. 
This includes fracture initiation and 
propagation in steels at high tempera
tures in water and steam, and the flow 
properties of cladding materials. Such 
investigations are of interest to power 
companies and to licensing authoriti-



es as part of their on-going evaluation 
of plant and component reliability. 

Information technology 
The information technology activities 
centre on an advanced control room 
coupled to a full scale simulator of a 
nuclear power station of the pressuri
zed water type (PWR). The experi
ments, aimed at developing new infor
mation systems for the energi' and 
process industries, are carried out by 
process operators from the Halden 
reactor. The laboratory is a world lea
der in the development and experi
mental testing of process monitoring 
systems. 

During 1990. an extensive program 
has been carried out to test a compu
ter-based operation procedure system. 
The results show that this system, in 
certain operational situations, provi
des the operator with better informati
on support than conventional hand
books of written procedures. A num
ber of areas in which the system 
could be improved were also identifi
ed, and the development of a new 
"second generation" system was star
ted in 1990. The new system will be 
implemented on UNIX-based work 
stations, using so-called open system 
standards in order to facilitate transfer 
of the system to different users 

Testing has also been started on an 
operator support system for diagnosis 
of the primary causes of plant distur
bances It has previously been shown 
that this system enables faster and 
better repairing of faults The effeci of 
the expert system on the operator's 
diagnosis will now be investigated 
This is important in order to be able 
to establish general guidelines for the 
design of other related diagnosis sys
tems 

further development work has been 
carried out on a monitoring system 
which indicates faults in a process 

system before conventional alarm sys
tems are activated. This is based on 
the use of mathematical models for 
the central processes of the plant. A 
system prototype has been in operati
on in the Finnish Loviisa nuclear 
power station since 1989. This has 
revealed small internal leaks in heat 
exchangers which would have gone 
unnoticed under normal operating 
conditions. The system appears 
robust and reliable, and has not rai
sed false alarms during the trial period. 

In collaboration with the Swedish 
State Nuclear Power Inspectorate 
ISKI) and the Forsmark nuclear 
power station an operator support 
system has been developed which 
gives information about the safer,' sta
tus during rapid or emergency plant 
shutdown. The syslem is now instal
led on a simulator of the Forsmark 
station. After testing it will be instal
led in the Forsmark control room. 

The increasing use of computers in 
safety and emergency shutdown sys
tems in the process industry places 
ever greater demands on software reli
ability. Tools and methods for the 
verification of software are being 
developed and tested in collaboration 
with Gesellschaft fur Reaktorsicher-
heit und Technisehe Oberwachungs-
Vcrein iGermany): National Power. 
Nuclear Electric and the Safety and 
Reliability Directorate fGreal Britainl: 
and Statens Tekniska Forsknings-
central (Finland!. In 1990 this work 
has concentrated on the use of formal 
methods in the development and veri
fication of program software. 

The software package PICASSO is a 
tool lor the construction of graphical 
user interfaces for process monitoring 
and control systems, operator support 
systems and simulators PICASSO is 
based on the open system philosophy 
to enable simple application on most 
UNIX based workstations PICASSO 
has stirred great interest, both nalio 
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nally and internationally. The packa
ge is now in use in research and 
industrial environments. Examples 
include the Rogaland Research 
Institute and Norcontrol Simulation 
in Norway. Siemens/KWU in 
Germany. National Power in Great 
Britain. Nuovo Pignone in Italy and 
Toshiba in |apan. 

In 1990. delivery was completed of a 
new man-machine interface for the 
control rooms in Forsmark 1 and 2. 
The new interface is based on UNIX 
workstations running PICASSO. A 
corresponding upgrading has been 
carried out on the Forsmark control 
room simulator at KSU 
(Kamkraftsakerhel och Utbildning) in 
Sweden. This, together with the appli
cation of PICASSO in a variety of 
training simulators for oil and gas 
production platforms, has provided an 
important basis for further develop
ment of the software package. 

A computer-based operation and 
information system for the Stale 
Power Boards eastern Norway regio
nal centre was installed towards the 
end of the year. Operational informa
tion is stored in a relational database: 
a module has been developed to link 
this with PICASSO, creating an extre
mely flexible interface for the operator. 
This new information syslem will 
simplify and improve operational 
planning at the regional centre. 

Another large project related to elec
tric power has been the development 
of a pricing system, for the Norwegian 
Power Pool, the purpose of which is 
to set the price ol short-lerm exchange 
power. The system integrates market 
analysis, collation of information, cal
culation of purchase and sales curves, 
price calculation and computation of 
exchange of operational units 

In 1990 the TOGI (Troll-Oseberg 
Gas Injection) training simulator was 
delivered to Norsk Hydro (in collabo-
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Prom the Oseberg training simulator. 
Results from the Halden Project's rest 

arch activities in information techno
logy ure being applied in a wide range 
of projects for the Noneegian energy 
and process industries. 

The amount of released fission pro-
ducts from the fuel, and tints the gas 
pressure inside a fuel rod, can be 
reduced by design. Data as shown in 
the figure, based on in ivactor measure
ments in the f Willi, are needed for 
licencing new fuel designs, especially 
for high bum-up application. High 
burn-tip programmes aim at reducing 
the radioactive waste. 

Inreactor corrosion experiments neces
sitate control of the water chemistry 
and thermal-hydraulics. Simulation of 
HW'lt conditions requiries the 
presence of representative two-phase 
flow in the test section. Vor the experi
ment schematised in (he figure, the 
onset of bulk boiling irus to occur at 
W to 4()°v of the fuel rod height with 
an exit steam quality of 5"<>. 

Irani the \c.\Icfrikh training \imuhitor 

Par the \onreghiu Power Pool III. 
has derctoped a pricing swivm /nr 
short term exchange pou rr 

dschoi; Hunting simulutt» hu^ed < 
Work \Uitli>n\ 
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7, a 
Wie pictures show (he water hodv" in 
a dynamic study of a oil/water replace 
ment in a synthetical core made of 
monodisperse spheres. The imaging is 
performed by \'MR tomography. 
ICIXTi-T/fS'lMEl) MRcenler) 

Tracer dispersion curves from labora
tory experiments icith temperature 50 
degr.C. oil saturation W'« and 
methane as carrier gas. 

JO 
The cyclic compounds PMCP and 
PMCH may be usable as gas tracers. 
These are nun-toxic, chemically inert 
compounds. 

11 
Tiro-phase flow loop, l heavy frcoit 
gas is used to simulate gas densities 
represent at we of multiphase transport 
pipelines even at moderate cxperi 
mental pressures K 10 bar). I %. 

12 
A "star gazer" (part of a satellite 
navigation system I lu,., been electron 
welded }or A'S Raufoss and a f'.urn 
pean space consortium. 

n 
Co corrosion of carbon steel The 
specimen has heen exposed in o 
Ul.\ test loops 

14 
Illustration til the physical < nudum, 
in n $ti\ condensate pipelim when 
corrosive water is formed In punpih 
Hon Problems related to dew inrm 
sum ts \(t(dtcd us pan of tin troll 
proicit 



ration with Norcontrol Simulation a.s) 
as an extension ofthe earlier delivered 
Oseberg training simulator. The pur
pose of the Oseberg- and TOGI-trai-
ning simulators is to provide training 
for the operation of the total Oseberg-
pruduction system, including the 
remote control of the Troll subsea 
module. An extensive maintenance 
and modification program for the 
Osebcrg training simulator was also 
carried out. 

PETROLEUM 
TECHNOLOGY 
The purpose of these activities is to 
contribute to the development of cost-
effective innovative technology for the 
exploration and production of oil and 
gas resources. The research sirategy 
builds on cross-disciplinary combina
tions of: 
• Advanced mathematical and com
puter methods 
• Nuclear measuring techniques 
• Specialities in petroleum geology, 
flow technology and materials techno
logy-

Reservoir modelling 
Most mathematical reservoir simulati
on 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 SPOR 
(State Project tor Improved Oil 
Recovery and Reservoir Technology! 
program, a project called 
"Homogenization of Helerogeneous 
Volumes" has involved the develop
ment of a computer program PSEU
DO, which can be used to calculate 
homogenized values for many impor
tant parameters for input into reser
voir simulators 

Also within the SPOR program. IFh 
is developing new methods for the 

simulation of tracer movement in 
reservoirs. By combining numerical 
and analytical approaches, algorithms 
have been developed that are faster 
and more accurate than those previ
ously available. The first step has 
been to develop a one dimensional 
mathematical model for tracers trans
port, including the effects of tracer 
sorption in the reservoir. Further, a 
two-dimensional simulation program 
has been developed, which calculates 
tracer concentration as a function of 
distance along a flow path. Studies 
have also been carried out on whether 
the partitioning of tracers can be used 
to give warning of breakthrough of the 
displaced phase during injection of 
water or gas into a reservoir. 
Investigations have also been made as 
lo the feasibility of using tracer testing 
to determine the distribution of faults. 

In the field of polymer flooding, efforts 
have concentrated on further develop
ment of the simulator POLY, which 
enables calibration of reservoir para
meters by simulating laboratory expe
riments. A 2-D version of POLY has 
been tested. The ECLIPSE program 
system has been employed for 3-D 
simulation and for calibration and 
adjustment of laboratory information. 

In recent years. IFE has built up a 
wealth of experience in basin model
ling. R&D work in this area has b. jn 
carried out in close collaboration with 
the Norwegian Petroleum Directorate 
(NPDl and Statoil. The main thrust 
has been in the development of mat
hematical models and software for the 
simulation of geological processes in 
sedimentary basins and their underly
ing lithosphere. GEOSIM is probably 
one of the most advanced basin 
modelling programs available. It has 
now been installed at Statoil and the 
NPD The program is mainly being 
used lo evaluate the prospectively of 
new exploration areas. 

GEOSIM is still under development. 

and during 1990 the program has 
been made more accurate in the way 
it describes geological processes. 
Development has also been started on 
a modern man-machine interface for 
GEOSIM. and for basin modelling 
software in general. The aim is to 
make basin modelling simpler to use, 
more flexible and effective. During ihe 
year a user-friendly front end has 
been developed for GEOSIM-ID. 

Petroleum geology' 
Most of the research related to basin 
evaluation has been concentrated on 
improving estimation of important 
parameters such as temperature indi
cators. The TERMI program has now 
been completed. TERMI combines 
information from all available thermal 
indicators to provide the best possible 
estimate of thermal history in a given 
situation. Other important research 
objectives have involved the problem 
of petroleum migration and the influ
ence ofthe source rock on the predic
tion of reservoir porosity and permea
bility. 

Work on reservoir characterization in 
1990 has focussed on the application 
of results and methods that have pre
viously been developed in relation to 
a database for quantitative geological 
informaiion. along with stochastic 
modelling and the problem of homo
genization of reservoir parameters. 
The latter has been applied to the 
zonalion scheme of a North Sea reser
voir as pari of an extensive collabora
tion with the Continental Shelf 
Institute (IKL'l. 

An important part of the petroleum 
geology research has focussed on the 
development of genchemical methods 
for mapping out reservoir hydrodyna-
mic systems and investigating reser
voir evolutionary history Data inter
pretation has been aided by ihe com-
puler program DiffuSr. developed 
during 199(1. In addition to Ihe appli-



cation of trace element chemistry to 
authigenic (formed within the reser-
voirl minerals and to the reservoir flu
id phase, much information is also 
gained from the analysis of O.C.H.Sr 
and Pb isotopes in the same material. 
This work not only provides impro
ved understanding of fluid communi
cation within a reservoir, but also 
provides a good basis for establishing 
quantitative tools for porosity and 
permeability prediction on a bastnal 
scale. 

Tracer technology 
IFE has a significant research pro
gram on the experimental and theore
tical aspects of tracer technology. Most 
of the work is directed towards the oil 
and gas industry, with the objective of 
developing new methods, improving 
old ones, and carrying out large scale 
field studies. 
One new group of potential non-radi
oactive tracers that were investigated 
during 1990 is the perfluorinated 
hydrocarbons. Of particular interest 
are the cyclic compounds perfluoro-
methylcyclopentane (PMCP) and per-
fluoromelhylcyclohexane (PMCH) 
which may be usable as gas tracers. 
These are non-toxtc. chemically inert 
compounds which have extremely 
low detection limits using gas chro
matography - electron capture analy
sis (GC/EC). A general rule is that the 
most promising tracers are those that 
either display ideal or passive behavi
our with respect to the tagged fluid 
phase, or show marked exchange 
effects with reservoir materials. 
Sorption onto the rock matrix could 
he used to determine the average ion-
exchange capacity of the rock, and 
partitioning between phases could 
possibly be used to determine satura
tion effects. 

In addition to studying Ihe static and 
dynamic behaviour of different tracer 
candidates under simulated and real 
reservoir conditions, much effort has 

also been expended on developing 
analytical methods for the detection uf 
these substances in samples of vari
ous reservoir fluids. IFE is participa
ting in extensive North Sea field stu
dies in parallel with the laboratory 
experiments. 

Nuclear measuring 
techniques 
During 1990. a number of projects 
«ere carried out lor companies and 
institutions using neutron activation 
analyses. These were mainly aimed at 
environmental problems. A large pro
ject was completed on the optimizati
on of measuring techniques and 
improved intercalibration of nuclear 
data from core measurements and 
well logs. A new research program 
has been started for calibrating and 
simulating pulsed neutron logs. This 
is partly based on data from experi
mental methods developed previously 
at IFE. 

New theories of non-linear dynamic 
systems and condensed phase physics 
have been applied to problems of flow-
in sedimentary rocks. Fractal and 
mullifractal statistics have been used 
in the construction of mathematical 
models for pelrophysical properties 
such as conductivity and permeabili
ty In addition, laboratory experiments 
have been performed on idealized 
core material (Dynospheresl in order 
to study Ihe correlation between expe
rimental data and mathematical 
models. Studies of well log data using 
mullifractal statistics have been star
ted, with applications in reservoir 
simulation. 

Analytical services 
During the year a number of analyses 
have been carried out for Norwegian 
and foreign industry (eg Megon. 
Nycomed. ABB Atom), mainly in 
connection with the quality control of 

raw materials, processes and finished 
products. 

A large number of analyses have been 
carried out for oil companies, mainly 
of radiogenic and light stable isotopes 
in formation waters and geological 
material from core samples. Analyses 
of "Sr/"Sr have increased significant
ly, and there is a large market [or " 0 
and "C analyses using the laser 
microsampling method. 

A new method has heen developed 
for the analysis of rare earth elements 
in Gd.O. and Nd.O,. using a combi
nation of liquid chromatography 
IHPLC) and mass spectrometry. 
During 1991) a new collaborative pro
ject was set up with Oslo University 
involving "0 and ; H analyses of body 
fluids in order to study metabolic 
functions. 

Multiphase flow 
Since 1985, IFE has been involved in 
a project (or Statoil on the develop
ment of a dynamic three-phase model 
(WOLGA) based on OLGA. Also, as 
part of the "IFE-Statoil three phase 
Row project 1985-1990". a three pha
se flow rig has been constructed and 
over 700 experiments carried out The 
WOLGA model has already been 
used for calculations on the Frigg field 
for Statoil. 

IFE will extend the successful long-
term collaboration with SINTEF in 
multiphase flow through a further 2-
year program. The aim is to develop a 
reliable model for 5-phase flow based 
on OLGA and WOLGA There is a 
significant industrial pull for new 
tools for designing special 3-phase 
systems. This applies also lo simula
tors for monitoring operations 
Havinp already completed a real time 
simulator for modelling and simula
ting the TOGI pipeline. IFE is now 
earning out a prc-pro|ect on specifica
tions for a simulator tor the Troll 
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field-t. -shore pipeline system. 
Simulation of the transport system 
(two 36" pipes) will be based on the 
OLGA model. 

Marketing of OLGA through 
Scandpower A/S. which only started 
in 1990. has been very successful. 
The program has been used in con
sultancy work for the oil industry by 
both Norwegian and foreign enginee
ring companies. Continued close con
tact with industri' is important in 
order to ensure that further develop
ment work on OLGA is fil-for-purpo-
se. The aim is for OLGA to become 
the industry standard for designing 
multiphase pipeline systems. 

Based on the experience gained 
during the «killing» of Saga's 2'4-14 
well on Ekofisk in 1989. for which 
both dynamic and static kill procedu
res were designed with the aid of 
OLGA. a separate well killer module 
has been developed. This simulates 
the flow of oil. gas. water and drilling 
fluids through the well system. An 
especially important feature of the 
model is that it can take into account 
the physical limitations of significance 
for the actual injection process, for 
example maximum allowable pressu
re and available purr.p capacity. The 
well killer is now operational on a 
portable PC. and is being marketed 
internationally. It was used success
fully to kill a well in Venezuela in 
August 1990. 

IFE is taking an active part in the 
NTNF program for multiphase trans
port technology (PROFF|. now hol
ding responsibility for coordinating 
work on flow technology. This inclu
des improvements to the understan
ding of the physics of flow, and the 
use of advanced 2-D and 3-D flow 
models. Development work on such 
models is focussed on certain indus
trially important applications for 
which a detailed description of flow is 
essential (e.g. local water distribution. 

corrosion/erosion, hydrate formation). 
In order to be able to verify these 
models, detailed measurement of flow 
structure is critical. In particular, IFE 
has studied stratified flow and slug 
flow. This involves use of an air-water 
loop at Oslo University for 3-D mea
surement of velocity and wave fields 
in horizontal pipeline flow. Three 
postgraduate students are working on 
this. 

IFE collaborates with several foreign 
research groups in the study of slug 
flow, including the University of Pisa 
and de 1'Institute de Méchanique des 
Fluides in Toulouse. 

Gas metering techniques 
1990 saw the software system TAN
DEM come into use. This system is 
designed for the detailed simulation of 
flow in complicated pipe geometries. 
An example is the simulation of the 
inlet geometry for the test section of 
the K-Lab (Kårstø gas laboratory), 
which consists of five 90" bends, a T-
piece and a valve. The simulations are 
compared with measurements using 
the swirl probe, delivered to the K-Lab 
by IFE in 1989. Results so far have 
been very satisfactory. TANDEM has 
now been used to simulate several 
metering stations in the Statpipe 
transport system. 

In collaboration with the K-Lab, IFE 
has developed flow conditioners 
which make it possible to obtain a 
fully developed velocity profile after 
'15 pipe diameters from a simple 
bend or a double bend. 

Together with representatives from 
industry. IFE has followed up this gas 
measurement work in international 
fora in relation to standardization and 
quantification of natural gas volumes. 

Experimental flow 
technology 
A new 2-phase flow loop has been 
constructed under contract for Norsk 
Hydro. This will yield improved 
design criteria for the transport pipeli
ne from the Snehvit field. These 2-
phase experiments utilise a heavy fre-
on gas in a closed flow loop. This 
allows, even at moderate pressures 
(< 10 bar), the simulation of gas den
sities representative of multiphase-
pipelines. This is important for realis
tic studies of droplet formation and 
waves, as the relatively low pressure 
makes it possible to use transparent 
tubing so that flow structures may be 
observed visually. Experiments have 
been used to verily OLGA in a num
ber of areas where data were previ
ously lacking. Deficiencies requiring 
improvement of the model were 
revealed. 

Activities involving use of the hydrate 
rig have progressed in 1990. This 
uses freon. which forms hydrates at 
relatively low pressures, so that again 
transparent tubing can be used and 
thus visual observations can be made 
of how hydrate plugs grow and even
tually become attached to the pipe 
wall under varying flow conditions. 
An improved understanding of such 
processes is critical for situations such 
as the design and operation of multip
hase flow pipelines. 

INDUSTRIAL ENERGY 
TECHNOLOGY 
The aim of these activities is to contri
bute to the development of efficient 
and environmentally sound energy' 
and process technology. The work, 
based on a track record of diverse 
research collaboration with 
Norwegian energy-intensive industri
es, is now mainly directed towards 
optimizing thr efficiency of energy 
consumption and process technology. 
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Materials modelling 
The main task in this area is the deve
lopment of mathematical models for 
calculating the properties of materials 
as a function of machining methods 
and conditions. The work is being 
performed in collaboration with the 
Centre [or Industrial Research (SI). 
MEFOS (Sweden) and SINTEF. 
Important clients include Hydro 
.Aluminium. Elkem Aluminium. 
Vereinigte Aluminium-Werke AG 
(YAW. Bonn) and the Nordic steel 
industry. 

In collaboration with Hydro 
Aluminium. Elkem Aluminium and 
SI. the project ALSPEN which invol
ves calculation of thermal stress 
during DC-casting of aluminium is 
carried out. This model is now in use 
at Hydro Aluminium. Sunndal Verk. 
The methodological basis and appli
cation of the thermal stress model 
have been elucidated via international 
publications and talks in the USA 
and Germany. There has been a very 
good response and foreign interest is 
now registered. 

AI.SIM3. which computes the ther
mal conditions during the same pro
cess, is now undergoing verification 
with these clients. VAW. who has 
bought itself into the projecl. is an 
interesting collaborative partner, and 
as a result special new effects have 
been incorporated into the ALSIM2 
and ALSIM3 packages. 

During 1990 a new collaborative pro
ject has been started with Hydro 
Aluminium. Karmøy and SI on the 
development of a mathematical model 
for broad band aluminium casting, 
which will be based on IFE's earlici 
BREDAL model. 

Process-simulation 
Activities in this area have been con
cerned with modelling aluminium 
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electrolysis cells and solid oxide fuel 
cells (SOFC). and the development of 
simulation tools for engineers in the 
process industry. 

In the SESAM project a modular sys
tem is being developed for simulating 
electrolytic furnace designs. The work 
is being done under contract to Hydro 
Aluminium, with financial support 
from NTNF. A version of the system 
has been delivered and is now being 
used by Hydro Aluminium. 

IFE has also participated in the NTNF 
project "Modelling and verification of 
SOFC". in which the target has been 
the development of mathematical 
models for individual cells and cell 
slacks for use in the development and 
optimization of fuel cells. This project, 
which has close links with the NOR-
CELL project, involves collaboration 
between IFE. SI and SINTEF. A bila
teral collaboration with Switzerland 
has also been established under the 
IEA program. This is for research, 
development and demonstration of 
advanced fuel cells. IFE's contribution 
to ihis project is the development of a 
general 3-D model for simulating con
ditions in a cell stack. 

In collaboration with the Paper 
Industry Research Institute (PFI) and 
the wood processing industry, a PC-
based modelling tool has been develo
ped for works and process engineers. 
A demonstration version of the pro
gram has also been developed, based 
on general process models. The user 
interface and most of the rest of the 
system has been completed. 

During 1990 important follow-up 
work has been carried out on a real 
time expert system for monitoring and 
simulating the two-phase gas trans
port pipeline from the Troll field to 
Oseberg A training program has been 
devised, and a number of courses 
have been run for Oseberg operators 
at Norsk Hydro's Sandsli training 
centre. 

Process-control 
Development work on monitoring 
systems for smelting furnaces has 
made progress, with Elkem as colla
borators. The first monitoring system, 
developed under the NTNF project 
"Monitoring of vulnerable production 
equipment in the ferrous alloy indus
try", has been extended and adapted 
in connection with the renovation of 
furnace 3 at Salten Verk. A version of 
the system is now inslalliJ at a furna
ce in Bremanger Smelteverk, and a 
newly developed version is installed 
at a furnace in Sauda Smelteverk. 

Further work has been carried out on 
the monitoring and control of alumi
nium furnaces, in collaboration with 
Hydro Aluminium. Development 
work has been carried out on the pro
cedure that is used to estimate the oxi
de concentration in the furnace. An 
alternative method of doing this, 
based on a simple physical model, is 
being investigated. 

In the NTNF project "System for opti
mal economical control" work has 
been canied out on various methods 
for correcting process measurement 
data. Extensive logs and analyses of 
process data have been performed. 
The NTNF project "Regulation of pro
cesses that are difficult to represent" 
has involved work on a rule-based 
system for detecting variations and 
providing decisional support for elec
trolytic aluminium furnaces. 

Transient analyses have been carried 
out for Norsk Hydro of a phosphoric 
acid fuel cell for installation at Rafnes. 
This work has included the treatment 
and programming of mathematical 
models for the cell and simulation of 
the system response to transients. 

New energy technology 
Work in this area is directed at the 
development of environmentally 
sound energy technologies, mainly 



wind power, hydrogen and fuel cells. 
An objective is to develop technologi
es with relatively low CO.-emissions. 

During 1990. 30 m metering masts 
were erected on the islands of Færoya 
and Øyran. Rosi. Linesøya and 
Andøya. Seven metering masts are 
now in operation al various potential 
wind power station sites. The running 
of the metering stations, analysis of 
the data and evaluation of possible 
wind turbine sites have been the main 
wind-related activities in 1990. 

Energy output, critical for the econo
mics of a wind power station, is 
strongly dependant on the location of 
the turbines. 1FE has evaluated poten
tial sites for wind farms on Husfjella. 
Vikna, and on Hammarøy. Smøla, on 
the basis of wind measurements and 
simulations using wind field models. 
1FE has previously estimated 
Norway's wind power potential to be 
12 TVVh based on a moderate level of 
development and large MVV-class tur
bines. This estimate has now been 
updated to take account of projected 
technological advances to the year 
2000. This indicates that the 12 TWh 
potential could also be attained with a 
moderate development level even 
using smaller turbines (750 kW). for a 
cost of NOK 0.65 per kWh. 

A gas technology feasibility study has 
been carried out to evaluate methods 
of hydrogen storage for mobile appli
cations. The environmental impact of 
transferring to the use of hydrogen as 
a fuel has been reviewed for Oslo 
buses and car ferries in More and 
Romsdal. The environmental benefits 
are substantial, but financial costs 
high. Status reports for solar energy 
and hydrogen have been prepared for 
Statoil. 

IFE is the Norwegian participant in 
the international IEA/ETSAP project 
"Greenhouse gases and national ener
gy options, technologies and costs for 

reducing emission of greenhouse 
gases". Work is based on the MAR-
KAL computer system, which is a 
linear optimization model enabling 
calculation of the optimal combinati
on of energy sources, technologies and 
processes, together with emission 
levels of greenhouse gases and other 
substances to the environment. 
During 1990 a PC version of MAR-
KAL was brought into operation at 
IFE. and a MARKAL database for 
Norway is now being constructed. A 
national reference group has been 
established for the project. 

ENERGY EFFICIENCY 
IFE's role in energy efficiency is to 
develop, demonstrate and introduce to 
the market (mainly industry) new effi
cient and environmentally friendly 
energy technologies. Emphasis is also 
placed on information, and education 
in the efficient use of energy. The 
most important sponsors are the 
Ministry of Petroleum and Energy 
(OED). Norges vassdrags- og energi
verk (NVE) and NTNF. 

Development programs 
By providing industry with prototype 
and demonstration programs. IFE has 
come to occupy a central pioneering 
role in identifying and demonstrating 
new techniques for the efficient and 
ecological exploitation of energy 
resources. The program "Energy in 
industry" has now documented the 
results of more that 30 demonstration 
projects. Over 60 projects are invol
ved, with a total expected energy 
saving of "90 GWh/year. The invest
ment costs were slightly less than 
NOK 1 per saved kWh/year. 

Under contract from NVE. IFE look 
on responsibility in 1990 for perfor
ming a new type of prototype and 
demonstration program for the deve
lopment and introduction of efficient 

and environmentally sound energy 
technologies in industry (PEI pro
gram). The main task is to collate the 
results of development projects in the 
domestic and foreign energy sectors, 
and to establish demonstration pro
jects for relevant Norwegian groups. 
The effort will be concentraled on effi
cient and ecological energy technolo
gies with real Norwegian user potenti
al and/or good possibilities for 
Norwegian production. 

These on-going development projects 
demand expertise in energy technolo
gy and economic issues in the consu
mer sector. Two projects have resulted 
from innovative concepts in industrial 
drying technology developed at IFE: 
me first involving a modular grain 
drying plant die second relating to the 
measurement and control of humidity 
in timber in drying chambers. 

Market programs 
These activities form the interface bet
ween the energy and environmental 
authorities on one hand, and the ener
gy consumers on the other. The strate
gi' is to use market forces to influence 
energy consumers to make use of the 
appropriate available technology, thus 
making for more efficient use of ener
gy. The results will form the basis of 
new national energy conservation ini
tiatives. IFE now has many years' 
experience in the administration and 
leadership of economic incentives 
programs. 

Some of the key programs under IFE 
leadership in 1990 include: 

Economic incentives 

• In 1990. IFE was chosen as the 
energy and project economics speci
alist body for the new national 
incentive scheme for industry, 
which provides a 20 °/o subsidy for 
energy-related investments. IFE 
handles the technical evaluation of 



applications and makes recommen
dations as to the size of grants and 
loans, while Industribanken evalua
tes credit worthiness and makes the 
actual payments. About 150 pro
jects received support in the first 
year, with a potential energy saving 
of"35(l GWh. Average payback 
time is 3 years. 

• The EMIL program, a follow up to 
the Ministry of the Environment's 
environmental package, led to a 
change in the statutes during 1990. 
Subsidies of up to 50to for special 
surveys and analyses will be used 
to encourage energy consumers to 
make use of energy conservation 
measures. The arrangement was 
expanded to include Kristiansand. 
Trondheim and Rana. in addition to 
Romerike. Drammen and Grenland. 
Some 255 studies were carried out 
with an estimated energy saving of 
MOO GWh. 

Technology transfer 

• "Program for the application of heat 
pumps" is a marketing program for 
this technology. The aim is to esta
blish a Norwegian manufacturing 
base for heat pumps. IFE has 
responsibility for documentation 
work. The largest manufacturers 
have united to form a Norwegian 
heat pump society (NOVAP|. which 
will carry out strategic marketing 
and quality assurance. 

information dissemination 

• After a one year trial period, the 
"Trade network for Norwegian 
industry" (NV) was established as a 
permanent program with a 
governing body selected by industry 
and the authorities. The following 
trades are represented: timber, 
metallurgy, mechanical engineering 
(including foundries), dairies, mills 
and grain silos. The program is pro
gressing in a very positive manner, 
and the results have revealed large 
differences in energy consumption 
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between otherwise similar compani
es. This has resulted in the increa
sed use of energy conservation met
hods. Some 200 companies are now 
participating in the network. 

• CADDET is an important IEA 
information program. As the 
Norwegian operator. JFE gathers 
information about and dissemina
tes the results of. energy conservati
on demonstration projects. Thirteen 
countries are participating in this 
work. Over 100 projects have been 
documented. The information is 
available to interested parties upon 
enquiry to IFE. 

• The ENIDA database now contains 
information about more than 400 
energyr conservation projects. All 
projects that have received public 
subsidies have been listed. 
Prototype and demonstration pro
jects in construction and industry 
are described in greater detail. The 
database has a concession from the 
data inspectorate, and can be acces
sed via the telephone system. 

• IFE's energy measuring service car
ried out numerous projects throug
hout Norway in 1990. The service 
offers measurement and mapping of 
energy flow in all types of industrial 
processes and companies. 

Information initiatives for energy 
conservation 

• In 1990. IFE took on responsibility 
for the Information Initiative for 
Energy Conservation (OFE|. initial
ly until the end of 1992. Activities 
include the preparation of educatio
nal materials and courses, and coor
dination of energy conservation 
educational activities. Through 
information and education. OFE 
aims to affect attitudes toward ener
gy conservation, leading to the more 
efficient and environmentally sound 
use of energy. Target groups include 
the public and private sectors. 

industry, transport and agriculture. 
Over 60 energy conservation 
courses were given in 1990. About 
1100 people attended these courses, 
which were adapted for various 
groups within industry and con
struction. IFE also participated in 
exhibitions and produced a range of 
printed information material. 

MATERIALS 
TECHNOLOGY 
In recent years. IFE has built up con
siderable experience in CO.. corrosion 
of carbon steel. Through a multiclient 
project a basis has been established 
for an advanced model for predicting 
CO.. corrosion in oil and gas pipelines. 

During 1990 IFE started its largest 
research project so far on corrosion in 
the offshore industry. The project 
financed by the oil industry, is targe-
led at the development and improve
ment of predictive models for CO.. cor
rosion. This project centres on exten
sive experimental work on the effects 
of parameters such as temperature. 
CO.. concentration, flow velocity and 
water chemistry. 

A project is being carried out with 
Statoil and Elf Aquilaine on the study 
of film formation and film dissolution 
on carbon steel in CO..-rich environ
ments. The project has already led to 
an improved understanding of the 
mechanisms controlling the corrosion 
properties and limitations of carbon 
steel. 

In connection with investigations of 
multiphase transport of unprocessed 
hydrocarbons, a new series of experi
ments has been started, using a new 
multiphase corrosion flow loop in 
which loss of material can be measu
red under various flow conditions. 
The experiments have so far been 
aimed at revealing how liquid slugs 
affect corrosion. The work is being 
funded through the PROFF program. 
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Corrosion can occur in gas-condensa
te pipes for transporting unprocessed 
wellslreams when the gas cools and 
precipitates corrosive water. Such 
problems would be expected mainly 
towards the tops of pipes, as corrosion 
inhibitors tend not to reach this area, 
but rather gather in the pipe bottom. 
Il-E has constructed a test loop to 
determine under what conditions this 
type of dew corrosion will be a pro
blem. This project, funded by A S 
Norske Shell, is related to the Troll 
development. 

Interest is increasing in the use of tita
nium, particularly for offshore appli
cations. IFE represents a centre of 
expertise in Norway on the use of tita
nium, and therefore receives nume
rous enquiries for advice, guidance 
and contract work on this subject. IFE 
is compiling a tilanium handbook for 
Norwegian industry, which is to be 
published early in 1991. 

IFE is participating in a three-year 
EC-funded EURAM project on the 
offshore applications of tilanium. The 
project will determine the safe use of 
titanium coupled to other metals in 
seawaterand hydrocarbon environ
ments. Brittle fractures have previous
ly been reported in cathodically pro
tected nickel alloys in the marine 
environment. It is thus ven important 
to determine whether titanium alloys 
may perform better in such situations. 
The project involves collaboration 
with British. Finnish and Spanish 
research institutions. 

Stress corrosion in ammonia storage 
tanks has been an important research 
area at IFE for a number of years The 
third international project in this field 
was completed in 1990 Various types 
of welding additives were studied and 
ranked according lo their tendency to 
cause slress corrosion fractures in 
weldings. Another important task has 
been lu determine fracture propagati 
on rates al low temperatures (-33 C) 

This project has been financed by 
industry and by organizations in 
Europe and the USA. 

IFE is also participating in an inter
national project on radiation-induced 
stress corrosion in materials used in 
nuclear power stations. This forms 
part of a program within the Halden 
Project. 

Metallurgy and welding 
technology 
Work in this field includes develop
ment projects and special production 
tasks for Norwegian industry using 
techniques such as heat treatment, 
high temperature soldering and 
advanced welding, especially electron 
beam welding. 
IFE has the only two electron beam 
welding machines in Norway, and 
thus functions as a demonstration and 
service centre for the Norwegian eng
ineering industry and manufacturers 
of metallic goods. One example of 
activities in 1990 is the development 
of a procedure for production welding 
ona new version of the Penguin mis
sile for Norsk Forsvarsteknologi. 
Other tasks involved modification of 
engine components for all Norwegian 
F-16 fighter jets, electron beam wel
ding of a "star gazer" (part of a satelli
te navigation system] for A/S Raufoss 
and a European space consortium, 
and development of a collision safety 
system for cars for A/S Raufoss and a 
French-Swedish industrial group. 

Nuclear fuel 
During 1990 a number of experimen
tal fuel elements were produced for 
the Halden Reactor Project and for 
some individual participating organi
zations. Hundreds of standard fuel 
rods were also produced to charge the 
Halden reactor 

Two studies of irradiated fuel were 

performed for Power Reactor and 
Nuclear Fuel and Development 
(Japan), and for Nuclear Power (UKi. 

The JEEP II research reactor 
The JEEP II research reactor is a nati
onal resource for research, develop
ment and production. It forms the 
basis of IFE's activities in neutron 
physics, irradiation services, isotope 
supply and neutron activation analy
sis. 

During 1990 a data-based adminis
trative maintenance system was 
installed. A maintenance plan was 
also established, in which all reactor 
components and systems were registe
red, all scheduled maintenance defi
ned and maintenance intervals set. A 
work order system for repairs and 
modifications has been developed and 
installed, in line with international 
recommendations. 

ISOTOPE AND 
IRRADIATION 
ACTIVITIES 
IFE presently deals with all supply of 
radioactive medicines to Norwegian 
hospitals, and a large proportion of 
the supply of radioactive chemicals 
for industry and research. Between 60 
and 70 % of the total consumption of 
radiopharmaceuticals in Norway is 
produced internally. 

The irradiation activities are based on 
the JEEP J] research reactor and the 
gamma irradiation plant. Ir. .diation 
services are carried out for Norwegian 
research institutes and for industry. 
Projects are also carried out for custo
mers in other Nordic countries. 

Isotope supply 

IFE's isotope supply work includes 
the manufacture, control and distribu
tion of radioactive medicines, chemi-



cals and radiation sources. Most of 
the radioactive products go to the 
nuclear medical departments in hos
pitals and to Norwegian university 
research laboratories. The main pro
duct group comprises radioactive 
medicines and the inactive preparati
ons from which they are manufactu
red. Radiopharmaceuticals arc used 
mainly in diagnostics, for visualizing 
various organs and studying theh' 
functions. However, there is also inte
rest in using isotopes for therapeutic 
purposes. 

The development of nr« radiophar
maceuticals and the improvement of 
existing ones involves close collabora
tion with hospitals and pharmaceuti
cal companies. IFE's close contact 
with the end users means that the 
know-how is always available for 
rapid troubleshooting, well-equipped 
with control laboratories and relevant 
expertise. IFE also gives support to 
hospital research departments in radi
oactive tracer projects and in formula
ting preparations. 

During 1990 IFE has been collabora
ting with the French national radiop
harmaceutical manufacturers on the 
development of new preparations for 
studying liver function The product 
was launched on the Norwegian and 
European markets towards the end of 
the vear. Future production is planned 
at IFE. 

Radiopharmaceutical R&D is beco 
mmg increasingly based on materials 
produced by advanced biotechnologi-
cal methods. The basic research and 
extensive documentation which is 
demanded for these new materials is 
so complicated and time consuming 
that it is difficult for IFE lo do in iso
lation. Collaboration is thus impor
tant. For example IFE has collabora
ted for many years with Hatslund-
Nvcomed This work has sought to 
discover specific "homing" molecules 
After marking with radioactive speci-
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es. these molecules can be injected 
into the body. They will then seek out 
and become concentrated in cancers 
or other types of abnormal or problem 
areas Work is now being carried out 
to establish similar collaborative pro
jects with other European manufactu
rers. 

IFE has been involved in a number of 
international projects through its con
nection with the International Atomic 
Energy Agency (IAEA) in Vienna. For 
example, in November 1990 a plant 
was installed in Egypt for the produc
tion of lechnetiurn-90m. for which 
both technology and hardware were 
supplied by IFE. IAEA scholarships 
are also available at IFE for training 
in the production and control of radi
opharmaceuticals, and the Institute is 
often used as a reference laboratory 
when new production units are being 
planned in developing countries. 

Stricter demands are continually 
being made on the production and 
control of medicines, including radio
active ones. This results in on-going 
work to improve production facilities, 
routines and documentation. A new 
sterile room was opened in 1990 for 
the aseptic production of sterile radi
opharmaceuticals. 

Under contract from the Ministry of 
Health and Social Affairs. IFE and 
the State Medical Control have toget
her produced a proposal for a natio
nal permit arrangement for radioacti
ve medicines The proposal was revie
wed in 1990. It is anticipated that the 
scheme will come into force on I 
lanuary 1992. in parallel with a simi
lar scheme being introduced in the 
EC. IFE is represented internationally 
in the radiopharmaceutical group for 
the European Pharmacopoeia, and 
participates actively in work on the 
development of product monographs 
and conlrul methods. 

Irradiafion activities 
IFE has two facilities for the irradiati
on of materials for various purposes, 
the |EEP II reactor and the gamma 
irradiation plant. The most important 
tasks include: 

• Production of radioactive materials. 

• Neutron doping of semiconductors 
lor the electrical and electronics 
industries. 

• Sterilization of medical equipment, 
medicines and packaging lor medi
cal products. 

• Antibacterial treatment of food pac
kaging. 

• Irradiation of spices and other food 

ingredients to protect industrially 
manufactured foods from infection. 

• Improving the characteristics of 
man-made polymers. 

Radioactive materials are produced by 
irradiating various substances with 
neutrons in the |EEP I! reactor These 
are used, for example, as raw materi
als (or the Institute's own production 
of radiopharmaceuticals. 

At IFE, radiation sources are produ
ced for industry, for use in a variety of 
industrial processes Neutron irradia
tion is also applied in the production 
of superpure silicon crystals with 
highly specific conductivities. 
Through neutron activation a material 
can be doped with an even distributi
on uf phosphorous atoms to create 
optimal electrical properties 

Spices and other food additives are 
irradiated to hinder bacterial infection 
of industrially produced foodstuffs 
This form of irradiation started in 
19H2. and demand has since grown 
so much thai spice companies are 
now the most important customer 



•UU'tnuvd aluminium eleitmlvsis 
evil i2>0 kA) Mathematical models 
derdoped hv III plavs a vital pan in 
.'his o// going development work 

/* 
The wind power prototype stations 
\strul" ( ">•> kl\ i and "Shwhrttr" 

l400 lt\\ i on hova 

17 
"Truth- neiwoik lor \oneegtun 
industri" tompnsts tmiln i. im tallurgv. 
mediann at engineering tit id found 
nes), dairies, units and gram sdos 
Some 200 i ompauns participate :u 
the nettrork 

IS 
I'hrough deiiiinistiatian and proton pe 
programs III has a ei ntral role m 
identifying and demonstrating 
efficient industrial' eneigy use l'li< 
program ' l.nergy m industry; has <io;i 
documented tin results of more than 
>f demonstratuni pion ets tl'lmlo from 
\N\s Class Works, 

file:///strul
file:///oneegtun


Ordering of Hemispheres in pairs tti 
magnetic In/aid m the presence of an 
external magnetu held 

Chin box for production „/ S Mil 
phate from neutron irradiated KCI 
• Itn.r S, 

III s laboratory /o> > nnronmenial 
monitoring is speetallv equipped tc 
ntetiMtn innii:ti amounts of radio 
i/< n.-i pollutants 

Ui has \oruuv s onl\ plant fur treat 
ment and sturast of tadioaeuir waste 
I'he photo shows monitoring of scale. 
; i di posits in ,,il industri pipelines 
and t t/aipnii nt containing low levels 
"f radium 

file:///oruuv


ACTIVITV SEPCW M B ^ ^ H ^ ^ ^ H ^ H M I ^ H 

group using the gamma irradiation 
facility. Some 300 tons of spices are 
treated annually. Gamma irradiated 
packaging is used mainly for dairy 
products with long shelf lives, but 
also for medical products. 

BASIC RESEARCH IN 
PHYSICS 

This activity has a broad interface 
with Norwegian and foreign research 
groups, and is orientated towards are
as of importance for research and hig
her education in Norway. 

Neutron beams from JEEP II arc used 
for investigating magnetic and crystal
line structures using neutron diffracti
on, e.g. perovskites containing magne
tic manganese ions Nsutron diffracti
on is also used in the study of space-
time reactions in liquid convection 
systems with 2-D geometries. 

Small angle neutron diffraction is 
used in the study of emulsions and 
polymers. e.g. microemulsions. mixtu
res of surfactants, water and oil. Such 
systems are encountered in many 
situations, such as enhanced oil reco
very and the production of vaccines A 
number of structures in oil-water-sur-
factant mixtures have been investiga
ted. Experiments and theoretical stu
dies have alsc- been performed on 
polymer alloys, looking at their struc
ture and at microphase separation 
Good technical contacts have been 
built up at home and abroad in this 
relatively new research area 

Monodispcrsc colloidal microparticles 
have been used to study the cooperati
ve behaviour of multiparticle systems: 
experiments have involved optical 
microscopy and image analysis In 
particular, studies have been perfor-
med on the movemenl ol paired parti
cles in a rotating magnetic held The 
complicated movements thai occur 
when field rotation frequency is incre

ased have been described. This work 
is supported by Dyno Industrier A.S. 

SPECIAL FUNCTIONS 
These aclivities relate to radiation pro
tection, radioactive waste, the national 
reference library and tasks for the aut
horities, for example in connection 
with Norway's obligations to interna
tional collaboration in nuclear power. 
1FE performs an important national 
function in thee areas, and the activi
ties are thus mainly funded directly 
by the authorities. 

Work on radiation protection and 
radioactive waste is to a large extent 
dictated by !FE's own nuclear activiti
es in the reactor and the radioactive 
laboratories, and the services IFE pro
vides for other Norwegian users of 
radioactive materials. 

Safety, radiation protection 
and environmental services 
Nuclear and industrial safety aspects 
of running IFE s reactors and labora
tories are monitored by the Safety 
Committee and its subcommittees. 
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 Inspectorate (SAT|. 
the National Institute for Radiation 
Hygiene ISIS) and the Labour 
Inspectorate are met The Institute 
places much emphasis on protection 
against industrial espionage, and has 
its own committee for computer secu
rity 

The radiation protection service carri
es out routine monitoring of radiation 
resulting from the Institute's activities. 
During 1909 there were no operatio
nal safety incidents of significance for 
IFE's personnel or facilities 
Monitoring has shown that no radiati
on doses were registered that excee

ded recommended occupational expo
sure levels. It was also shown mat the 
average radiation dose of the "25 °/o of 
IFE's employees who «ere exposed to 
radiation in 1990 lay well below these 
levels. 

The recorded amounts of radioactivity 
released to the environment from the 
Institute have, as in previous years, 
been very small and far below permit
ted emission levels. The emissions 
thus are of no environmental signifi
cance. 

Several types of services are offered 
externally in collaboration with SIS. 
The most important are finger dosi
metry, mainly for the larger hospitals 
in Norway, calibration of hand-held 
instruments for measuring radioactivi
ty, courses and training in radiation 
protection and working with radioac
tive materials. During 1990 work has 
involved the calibration of airborne 
(by plane] radioactivity measure
ments, together with installation of an 
air monitoring station on the ferry 
"Midnatsol" for SAT. !FE also carries 
out the nationwide monitoring of 
radioactivity in precipitation This 
involves the collection and analysis of 
air and precipitation samples from 
permanent stations in Kjeller. Bergen. 
Stjørdal and Tromso. 

IFE has carried out a number of pro
jects for local government and private 
individuals on the measurement of 
radon gas levels. In collaboration with 
the Norwegian Geological Survey 
(NGUl. a complete package can now 
be offered for the evaluation of radon 
hazards in. for example, planned hou
sing estates. 

The laboratory for environmental 
monitoring, which carries out the 
mandatory monitoring of IFE's relea
ses to the environment is specially 
equipped to be able to measure minu
te amounts of radioactive pollutants 
This is one of the few laboratories in 
Norway equipped to measure radioac-

^ H ^ ^ M ^ ^ ^ ^ ^ M "C ANNUA. *E*0*' >o«0 



live polhitints which emit only alpha 
or beta rays (e.g stromium-90. pluto-
nium-239). During 1990. the labora
tory participated in an IAEA quality 
control program for such analyses. 
Augmentation and modernization of 
important instrumentation in 1990 
has provided increased capacity and 
even lower detection limits for radio
active pollutants. 

Nordic safety program 
Reactor safety work at IFE has invol
ved participation in collaborative pro
jects under the direction of the Nordic 
Safety Committee («NKS>.|. IFb's 
contribution has included the analysis 
of preparedness for possible reactor 
accidents abroad, together with pro
tects on radioecology. 

Since 1980 IFE has participated in 
and coordinated a Nordic program for 
monitoring radioactivity in Norwegian 
coastal waters. Bladder Wrack seawe
ed is analysed, as this is a good indi
cator of the types and concentrations 
of radioactive substances in seawater. 

The Chernobyl reactor disaster has 
demonstrated the wisdom of maintai
ning competence in such areas, even 
in countries that do not have their 
own nuclear power industry For the
se countries external collaboration is 
important for maintaining and streng
thening national technical expertise 
The Nordic collaborative projects in 
the 1990-1993 period are directed at 
the improvement of methods and data 
for predicting the consequences of 
possible emissions of radioactive sub
stances, identification of vulnerable 
geographical areas and initiation of 
remedial action. The Institute is also 
participating in equivalent collaborati
ve projects under the auspices of 
OECD'NEA and IAEA 

Radioactive waste 
In addition to the routine tasks of col
lection, treatment and storage of the 
radioactive waste produced at [FE. the 
decommissioning of a prototype 
reprocessing plant has continued in 
1990. This has provided important 
practical and technical experience 
with respect to working methods and 
the development of new tool systems. 
The secondhand value of the equip
ment and screening blocks is very 
high once they are cleansed of radio
activity. The experience gained from 
this work comprises a project within 
the aforementioned NKS program. 

IFE presently has Norway's only 
plant for the treatment and storage of 
radioactive waste. Exchanged radiati
on sources and other radioactive was
te is accepted for treatment and stora
ge from industry, commerce, defence, 
hospitals and research institutes. 
During the year a significant amount 
f 25 tonsj of low level radium-contai
ning scale from oil and gas pipes and 
equipment was received. While awai
ting a national decision of radioactive 
waste disposal, this waste is treated 
within IFE's waste treatment program. 

During the autumn of 1989 the 
Ministry of Petroleum and Energy 
commissioned a committee to prepare 
suggestions for the disposal of low 
and medium level radioactive waste 
in Norway In 1990. IFE has suppor
ted this committee with technical 
information related to existing waste 
and how it is stored. 

Library and literature 
services 
IFE's library, as well as serving the 
technical needs of the Institute, acts as 
a reference library for nuclear techno
logy and energy research The library 
thus serrø a significant number of 
external users The library has access 
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to a variety of international databases, 
as well as its own internal databases, 
which are available for data retrieval. 
These databases can be accessed by 
researchers at the Institute via their 
own computer terminals. As part of a 
collaboration organized by the 1EA. 
under an agreement with u> energy 
authorities in the Nordic countries 
and the USA on the exchange of ener
gy information, all Norwegian energy 
literature is referenced and fed in to 
the literature database Energy Data 
Base. This work is supported financi
ally by the OED. 

References from publicly financed 
energy research projects are fed into a 
CSA database, and arc subsequently 
used in the preparation of the catalo
gue of Nordic energy projects compi
led by the Nordic Council of 
Ministers. The catalogue is distributed 
in Nonvay under contract from the 
Council. Both literature references and 
project descriptions are stored in the 
Nordic Energy Index Database. 
Norwegian literature on nuclear 
power and related areas in physics 
and nuclear medicine are referenced 
and fed into the IAEA database IMS. 

International nuclear energy 
activities 
IFE provides technical support for the 
Norwegian authorities in high priority-
areas within the ongoing extensive 
program of international collaboration 
in nuclear energy As Norway adhe
res to the non-proliferation treaty, all 
nuclear materials in the country must 
he available for security inspections 
IFE carries out the practical measures 
demanded by the satety arrangement 
between IAEA and Norway. IFE thus 
maintains the national registration 
and management system for nuclear 
materials as set out in the agreement 
The on-going interaction with the 
IAEA safety inspectorate, for example 
through routine reporting of stocking 
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levels, means thai IAEA are kepi well 
informed on the situation in Norway. 
IFE has provided support for the aut
horities in other international matters 
related to nuclear energy, such as 
Norwav's participation in the IAEA 
and OÉCD/NEA. 

PERSONNEL 
At the turn of the year 1990/91. IFE 
had 539 full time employees, of which 
331 were located at Kjeller and 208 in 
Halden. 29 employees left during 
1990 and 41 new were employed. 
The employees included 112 with 
university or college degrees and 135 
had qualifications from technical col
leges. In the course of the year 8 of the 
Institute's researchers have been 
involved in postgraduate studies in 
Norway or abroad, and 3 have been 
given study leave to pursue other 
forms of higher education. 

ACCOUNTS 
The Institute's total revenue in 1990 
was 282.2 million kroner, of which 
179.1 million kroner derived from 
activities at Kjeller. 103.1 million kro
ner from work at Halden 
The balance sheet showed a profit of 
4.2 million kroner for 1990. which is 
to be carried forward IFE's income 
from contract research in 1990 made 
up about 70 "o of the total turnover 
This figure is very high, despite the 
fad thai many of IFE's activities are of 
a basic research nature, and especially 
considering the extraordinarily high 
infrastructure costs associated with 
the running of the reactors and nucle
ar laboratories leg safety radiation 
protection, management of nuclear 
materials, handling and storage of 
radioactive waste) In industrial and 
petroleum-related areas revenue from 
contract work represented aboul 811» 
of the total income 
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