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I n s t i t u t e for Energy T e c h n o l o g y 

Statement from the Board 

S U M M A R Y 

During 1994 the Institute for Energy 
Technology (IFE) harvested positive 
technical and economic rewards for its 
high quality work, keenly focused on 
the research needs of industry. These 
pleasing results built on the Institute's 
basic expertise in nuclear technology, 
plays a key role in its petroleum and 
energy research as well. The internatio
nal Halden Project forms an interface 
between high-technology research 
groups and industry, thus providing an 
important route for transferring techno
logy into Norwegian industry. 

The Institute's activities fall into three 
main areas: nuclear technology, petro
leum technology and (non-nuclear) 
energy technology. Nuclear technology, 
directly or indirectly related to the 
Institute's two research reactors, made 
up over a half of IFE's total activity in 
1994. Petroleum research and non-
nuclear energy technology comprised 
about 30% and 15% respectively. 

Several large projects dominated the 
petroleum and energy related program
me in 1994. These included projects on 
multiphase flow, which will be a critical 
success factor for future petroleum field 
developments on the Norwegian conti
nental shelf, and IT systems for the 
petroleum and electricity supply indu
stries. Commercialization of the Insti
tute's research has occurred mainly 
through technical service and support 
projects in which the client organization 
pays the costs and retains the rights to 
the results. The value that is created by 
such focused contract work lies there
fore mainly within the client company. 
Other ways of achieving wider commer
cialization are being pursued by the 
Institute: for example through licensing 
various products for distribution 

through existing or newly formed com
panies. In this regard, the Institute's 
links with the consultancy company 
Scandpower A/S and the systems sup
plier Norcontrol Systems are very 
important. 

International collaboration is an impor
tant part of IFE's strategy, and this in
volves, to some degree, practically all 
the research activities in the Institute. 
The international Halden Project is a 
growing force in reactor safety techno
logy and process-oriented information 
technology. During 1994 there was 
ongoing extensive collaboration with 
international oil companies and foreign 
research institutions. In addition seve
ral international EU projects were esta
blished and preparations were made for 
participation in projects for the 4th EU 
Framework Programme. The latter also 
includes projects in energy technology 
outside the petroleum and nuclear 
sectors. 

The Institute places great importance 
on collaboration with Norwegian uni
versities and other Norwegian research 
institutes. Links with these groups were 
strengthened during 1994 through 
participation in the Research Council of 
Norway's programmes for strategic and 
applied technology. The educational 
work carried out by the Kjeller institutes 
in collaboration with the University of 
Oslo (UNIK-University studies at 
Kjeller) has continued to progress well 
in 1994, and from 1995 this will also 
include the University of Trondheim. 
During 1994, NILU (the Norwegian In
stitute for Air Research) moved in to a 
new building at IFE's Kjeller site. 
At IFE's Halden site there is active 
collaboration with nearby Østfold 
Technical College, one facet of this 
being proposed university level studies 
in information architecture. 

The 1994-1996 research programme of 
the Halden Project, focuses on projects 
related to the safety and operational 
reliability of nuclear power- and other 
complex process plants. During 1994, 
France became a full member and 
associate membership was established 
with Russia. Accordingly, 16 countries 
were participating in the Project by the 
end cf the year. In addition to the jointly 
sponsored programme, diere is a heal
thy programme of contract work, the 
volume of which increased from around 
NOK 60 million in 1993 to approxi
mately NOK 80 million in 1994. The 
results of research work carried out at 
Halden have a. wide application in indu
stry outside the nuclear sector, some
thing that has been demonstrated by a 
strong increase in the demand for con
tract work from Norwegian companies 
in recent years. The extent of such work 
will probably exceed NOK 80 million in 
the period 1994 to 1996, compared to 
NOK 55 million and NOK 38 million 
respectively in the two previous three-
year periods. As requested by the 
Ministry of Industry and Energy (MIE) 
in 1994, the Research Council began 
preparation for extending the Halden 
Project beyond the year 1996; the 
Research Council's working group will 
complete its preparations by 1 April 
1995. The Board, for its part, would like 
to emphasize the value of the Halden 
Project for Norwegian industry, for the 
Norwegian authorities and for the safety 
and reliability of nuclear power stations. 
In 1994 the Institute carried out a 
number of concrete projects to improve 
the safety of nuclear power plants on the 
Kola Peninsula in Russia. New projects 
have also been proposed on safety 
issues for Russian and East European 
nuclear power plants. 
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In 1994 the Norwegian Parliament 
decided that a repository should be 
constructed for low- and intermediate 
level nuclear waste, to be located in 
Himdalen (Aurskog-Høland area), 
situated some 20 km from Kjeller. At 
the same time it was agreed that the 
Institute should continue to be respon
sible for handling all such material in 
Norway, including transport to, and 
storage in, the Himdalen facility. It is 
planned that the repository will be 
completed by the Autumn of 1996. 
The Institute has started preparing an 
application for the operating permit. 

The year 1994 was the first in a three-
year transition period during which the 
MIE purposes that the Institute should 
transfer to public funding through the 
Research Council. The Board would like 
to express its satisfaction with the first 
phase of this process. As this process 
continues, it is particularly important 

that the Institute's research activities 
are evaluated as a whole, taking the 
wider implications and all user interests 
into account This is because of the very 
diverse nature of the Institute's activities 
in terms of research content and indu
stry focus, and the fact that much of the 
research is linked to large experimental 
facilities. The Board has confidence that 
the Research Council will take these 
factors into account in the remaining 
part of this transition process. 

IFEs 'research centre at Kjeller. In June 

1994 the Norwegian Institute tor Air 

Research (NILU) moved in to their new 

building at IFE*s site. 

Photo: Fjellanger Widerøe A s 
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The international Halden Project is a 
unique means for Norway to maintain 
its national competence in reactor tech
nology, at the same time as fostering 
internation."! collaboration, the results of 
which are increasingly being applied in 
technical service work for Norwegian 
industry. 

Research and development work that 
is being carried out within the Halden 
Project includes: 

• Internationally coordinated 
development and mutual safety 
technology exchange. 

• Test programmes based on 
the use of the Halden reactor and 
control room prototypes. 

• Establishing a knowledge base of 
control room solutions and reactor 
materials as a basis for licensing and 
safety assessments. 

The Norwegian authorities rely on the 
competence developed through the 
Project when it comes to preparedness 
for nuclear accidents, and for Norway's 
contribution to improving safety in 
Russian and East-European reactor 
plants. The Project also provides a route 

for importing cutting-edge technology, 
and the systems that are developed as a 
result go on to find broad application 
within Norwegian industry. 

The Halden reactor operation 
The reactor was in operation for 4 7% of 
the time during 1994. Approximately 
80,000 tonnes of steam by-product was 
supplied to a local paper factory. During 
the year, two periods of down-time were 
used to install new equipment and carry 
out modifications relating to the experi
mental programme as well as for routine 
maintenance. This formed part of the 
ongoing maintenance programme to 
ensure continued high technical and 
safety standards of the reactor. 

In order to comply with licensing 
criteria, an extensive inspection and test 
programme was carried out in 1994, 
covering all major components and 
functions of the plant. In such inspec
tions, full use is made of acknowledged 
national and international expertise. 
The results of the inspection, materials 
testing and evaluations demonstrated 
that the reactor conformes to the safety 
standards required for continued longer 
term operation. 

Nuclear fuel technology 
Work in this area has focused on under
standing the mechanisms and processes 
that may affect the long-term operatio
nal safety and reliability of reactor fuel. 
An important aim is to reduce the 
volume of irradiated material produced, 
and thereby minimize the burden of 
radioactive waste on the environment. 

The development work in Halden 
provides the basic data necessary for 
obtaining safety approval for the fuel. 
This includes investigating how key 
characteristics of the fuel change with 
time under normal operating conditions 

and in response to various operational 
disturbances. Most of the 30 fuel experi
ments that were carried out in 1994 
were concerned with understanding the 
basic mechanisms influencing long term 
fuel performance. 

Materials technology 
An important goal of the experimental 
work carried out in the Halden Project 
is to determine the right conditions, in 
terms of materials quality and operating 
conditions, to ensure the integrity of 
important components within a power 
station. Safe and reliable operation of a 
nuclear power station demands experi
mental data and a thorough knowledge 
of how the construction materials will 
respond to different operating condi
tions, not least the influence of coolant 
water composition. By means of inves
tigations performed in the Halden reac
tor, such material responses are docu
mented, demonstrating optimal opera
ting conditions and choices of materials 
for maintaining plant integrity and mee
ting strict safety standards. The experi
ments are carried out under controlled 
conditions, and are directed mainly at 
understanding the factors that influence 
stress corrosion in steel materials. 

Man-machine communication 

A large part of the Halden Project pro
gramme is aimed at the development of 
computer-based process surveillance 
systems. The purpose is to enable more 
effective access to information, and thus 
to get an improved picture of how a 
plant is performing. The programme 
concentrates on testing out automated 
systems that use advanced software 
concepts to handle various safety func
tions. This involves the use of full scale 
simulators of nuclear power plants. A 
key aspect of these tests, which are car-
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ried out under conditions that are as 
realistic as possible, is the participation 
of experienced operators from the 
Halden reactor. 

Control room development work in the 
Halden Project focuses on the working 
practices of the operators and the inter
face between the operators and the 
process- Another prioritized area is the 
development of methods for quality 
assurance in the programme develop
ment process. This is important because 
computer systems are increasingly be
ing used for the surveillance and control 
of safety-related functions. 

The Halden Project: a national 
resource 
There is close collaboration in materials 
technology between specialists in the 
Kjeller and Halden sites. This applies in 
particular to the development of advan
ced welding and manufacturing techni
ques that can be used in technical ser
vice work for Norwegian industry. 

Support systems are being developed 
for dealing with large-scale disasters, 
and an important link in this work is 
collaboration between the Halden 
Project, the firm Quasar Consultants, 
and other Norwegian research groups, 
on the development of a support system 
to aid Norway's preparedness for nu
clear accidents. This development work 
forms part of a large European project 
(EUREKA-MEMbrain), with the Norwe
gian Radiation Protection Authority res
ponsible for the Norwegian contribution 
to the project. A prototype decision sup
port system has now been installed with 
the said Authority; the complete system 
will be available before the end of 1995. 

There was continued collaboration with 
the nuclear power station in the Kola re
gion of Russia during 1994, on behalf of 
the Ministryof Foreign Affairs. Specialists 

from the Kola reactors spent time in 
Halden, where they were given educa
tion and training in the use of current 
technology, with emphasison quality con
trol, maintenance and safety practices. 

1994 was a breakthrough year for 
Halden Project activities in the electri
city supply sector. Work included the 
development of operation and decision 
support systems for market-based power 
trading.and development of new informa
tion technology structures for dealing 
with large quantities of data. Additional
ly, a project was initiated to improve the 
effectiveness ofworking practices related 
to power trading. These activities will be 
expanded towards the international 
marketplace in collaboration with Nor
wegian industry. 

The Halden Project's comprehensive 
power trading system HandEl, which 
contains various software packages, is 
designed to meet the needs of players in 
the organized power markets. HandElA 
PC-Kraft is now being used by scores of 
small to medium-sized players, while 
HandEl/MA is in use at Hydro Energi 
and has been ordered by several major 
players in the power market, including 
Akershus Energiverk, Sogn & Fjordane 
Energiverk and the Swedish firm 
Gullspångs Kraft. 

Halden Project expertise in man-
machine communication and methods 
for assuring software quality and relia
bility is increasingly being applied in 
Norwegian industry. In 1994, this 
expertise was employed in a collabora
tive project with Saga Petroleum for 
developing alarm strategies and desig
ning the alarm module of the new 
surveillance system in the Snorre/Vig
dis installations. Also, an evaluation of 
various design criteria for the control 
tower in the new main Gardermoen air
port was carried out for Luftfartsverket. 

Production of Instruments to be used In 
the Halden reactor. 
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NUCLEAR-RELATED 

ACTIVITIES AT KJELLER 

The JEEP II reactor 

The JEEP U research reactor is the 
centrepiece of nuclear-related work at 
Kjeller, and such work depends on its 
continued operation. The activities 
include: 

• Basic research in physics 

• The development and production of 
radioactive medicines 

• The irradiation of materials for a 
variety of technical applications 

JEEP II became operational in 1967 and, 
because of its simple construction and 
high standards of maintenance, it con
tinues to have low running costs and less 
down-time compared to other equivalent 
reactors. Continued high standards of 
safety and availability are ensured 
through a planned inspection and main
tenance programme, together with 
ongoing education and development of 
the operating personnel. 

Work was carried out in 1994 on mo
dernizing and upgrading the safety sys
tems, including the successful installa
tion and start-up of a new advanced 
alarm system. 

Isotope and irradiation technology 
The Institute has national responsibility 
for the production and distribution of 
radioactive medicines. This work inclu
des the manufacture, control, distribu
tion and development of radiopharma
ceuticals and radioactive chemicals. The 
Institute controls the supply of all radio
active medicines to Norwegian hospitals, 
and to some extent the supply of radio
active chemicals for use in research and 
industry. Some 60-70% of Norway's 

demand for radioactive medicines is 
covered by production from 1FE. The 
Institute's work with isotopes is heading 
for significant changes due to new regu
lations resulting from the EEC agree
ment. Activity in the latter part of 1994 
was dominated by planning and making 
preparations for this. 

Radiopharmaceuticals are used mainly 
in diagnostics, for imaging organs and 
for studying organ functions. However, 
there has been a steady increase in the 
therapeutic use of radioactive medicines. 
Tlie development of new radiopharma
ceuticals and the improvement of exis
ting preparations is carried out in close 
collaboration with Norwegian hospitals 
and with the Norwegian phannaceutic.nl 
industry. In certain areas, manufactu
ring ties with the pharmaceutical indu
stry in foreign countries have been esta
blished. This provides a larger market 
(and thus greater profitability) for IFE's 
products, at the same time as giving 
Norwegian customers access to a wider 
range of products manufactured abroad. 

IFE also runs a tagging service for 
hospitals and research laboratories. 
This involves the addition of radioactive 
isotopes to special preparations made in 
the hospitals, enabling the movement of 
these preparations in the body to be 
monitored and measured. Analytical 
work included things such as investi
gating stability and determining various 
parameters related to the development 
of new products. Work has also been 
performed on the preparation of mono
graphs on radioactive medicines for the 
European Pharmacopoeia. 

Education and practical tuition are 
areas of increasing activity, including 
courses, conferences and lectures to 
pharmacology students at the University 
of Oslo and personnel from user groups. 
An example of this is two series of 

Production of radiopharmaceuticals. 

lectures that were given at universities 
in the Peoples' Republic of China. 

The Institute's irradiation work centres 
on the JEEP II research reactor and the 
gamma irradiation plant. Irradiation 
with neutrons in the reactor generates 
the radioactive starting materials for the 
production of radiopharmaceuticals and 
radiochemicals, together with tracers 
and radiation sources for use in industry 
and research. Neutron irradiation is also 
used to regulate precisely the conduc
tivity of superpure silicon crystals. The 
irradiated crystals receive an even dis
tribution of phosphorous atoms, giving 
them optimal electrical properties. At 
present, the Institute supplies almost 
10 % of the world market for such 
irradiation services. 

The gamma irradiation plant is based 
on ionizing radiation from a cobalt-60 
source. The radiation is employed to 
reduce bacterial activity and bacterial 
content, and for complete sterilization or 
chemical modification of organic sub
stances. The main markets for this type 
of irradiation service are the foodstuffs 
and plastics industries, and producers of 
disposable medical equipment and 
packaging. The most important product 
groups in recent years have been spices 
and flavourings for the foodstuffs indu
stry. On average, around 350 tonnes of 
such materials are irradiated annually. 
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Basic research in physics 
Neutron scattering is an important tool 
for determining the position of atoms 
within solid materials and liquids, and 
for investigating liow atoms move within 
the sites they occupy. The award of the 
Nobel Prize for Physics in 1994 to Shull 
and Brockhouse provides confirmation 
that neutron scattering is a technique 
that is growing in importance in hoth 
pure and applied materials science. At 
present, neutrons are used to study 
everything from water to polymers and 
high-tempcraturc superconductors, and 
represent an indispensable tool in all 
types of materials research. 

The laboratory, situated in the JEEP II 
research reactor building, is currently a 
national leader in the field of instrumen
tation for fundamental materials science 
research. The research group repre
sents a national knowledge base in neu
tron physics, including the constniction 
of new spectrometers, the effective use 
of these, and education in research me
thods using neutron scattering. The 
group has a large contingent of guest 
researchers and students from abroad. 
The basic research at the Institute is the 
cornerstone of national research and 
higher education in the physics of con
densed phases, materials science and 
structural chemistry and physics. 

There has been continued collabora
tion in 1994 with the Department of 
Chemistry, University of Oslo, on the 
synthesis and characterization of a wide 
range of materials. This work makes 
use of the neutron's unique characteri
stic of being able to determine the 
position of atoms in a material at the 
same time as measuring the spatial 
variation in magnetization at the atomic 
scale. Another special property of neu
tron scattering is its ability to be able to 
determine the position of light atoms 

such as hydrogen in a variety of mate
rials. As wel! as the fundamental scienti
fic value of such research, materials 
with a high hydrogen storage capacity 
arc also of commercial interest as ener
gy storage media in environmentally-
friendly energy systems, based on solar 
energy, for example. 

The small angle neutron spectrometer 
(SANS) is a central tool in the effort to 
characterize and understand complex 
structures and processes in the size 
range between atomic and microscopic. 
During 1994, SANS was used for experi
ments such as investigating the struc
ture of various polymers, surfactants, 
nanoparticles, cement and colloids. 
Such understanding is important for the 
development of new materials such as 
polymer alloys, catalysts and aerogels. 

Environmental and radiation 
protection 

The Institute's work in the areas of radia
tion protection, environmental moni
toring and protection, and radioactive 
waste is primarily linked to IFE's own 
reactors and laboratories. However, 
projects for the Norwegian authorities 
and users of radioactive materials also 
form a significant part of the work 
programme. 

The Institute operates a radiation 
protection service that deals with all 
such work at Kjeller and Halden, and at 
present operates a system for recording 
and monitoring radiation exposure to 
the Institute's employees that meets 
stringent standards. External dosimetry 
services (mainly covering the country's 
larger hospitals), calibration of portable 
radioactivity measuring instruments, 
and education in radiation protection 
and working with radioactive materials, 
each formed an important part of the 
1994 work programme, as did the 

provision of radon measurements for 
local communities and private indivi
duals. 

The Institute is participating in a 
Norwegian-Russian collaborative project 
to determine the dispersion of radio
active pollution in northern regions. 
During 1994 the Institute took part in 
fieldwork at the Majak plant in the 
Urals, and in a new Norwegian-Russian 
expedition to the Kara Sea. A large 
number of samples from these areas has 
been analysed for their content of radio
active isotopes. Additionally, a large 
amount of analytical work was carried 
out for industry and other clients. 

Within the new NKS (Nordic Nuclear 
Safety Research) programme, the 
Institute has been given leadership of a 
project which will investigate systems 
with long radioecological halflives. 
Other work under the umbrella of the 
NKS programme involves further 
development of methods and data for 
risk analysis and consequence analysis 
and remedial action in the case of pos
sible reactor accidents. Accident pre
paredness is the motive behind this 
work. 

The Institute has Norway's only 
facility for the treatment and storage of 
radioactive waste, and deals with such 
waste from external users of radioactive 
materials and radiation sources. Low-
and medium level waste is being stored 
temporarily at Kjeller until the planned 
national storage facility in Himdalen 
becomes operational. 
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Fitting instruments to spent reactor 
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Nuclear fiiel 
The inspection and characterization of 
spent fuel is an important support activi
ty for the fuel research programme in 
Halden. In Kjeller s special laboratories-
both destructive and non-destruetive 
tests are carried out on experimental 
fuel to verify the results of the irradia
tion runs. State of the art image storage 
and quantitative image analysis facilities 
were installed and began to be used in 
1994. 

Instrumentation and modification (re-
fabrication) of irradiated fuel are impor
tant for the development work on in
creasing fuel burn-up. Irradiated fuel 
rods from the research reactor and com
mercial reactors are modified and fitted 
with nuclear instrumentation developed 
in Halden. 

Electron beam welding is used a great 
deal for manufacturing reactorcore com
ponents, nuclear instruments and for 
reactor fuel fabrication. At present the 
Institute has two such machines, pro
viding a large throughput. A third elec
tron beam welding machine with a 
larger high vacuum working chamber is 
under installation. This machine can 
also be used for heat treatment, heat 
shaping and vacuum smelting. 

PETROLEUM- AND ENERGY 
RESEARCH 

Petroleum technology 
The Institute is reaping increasing com
mercial and industrial rewards from its 
petroleum-related research, particularly 
in the areas of multiphase technology, 
simulator development and reservoir 
description. A good example is that of 
the multiphase model OLGA, which is 
well on the way to becoming an industry 
standard for designing multiphase 

transport systems. It is now marketed 
internationallythroughScandpowerA/S. 

Research in exploration technology 
aims at developing new improved me
thods /or evaluating petroleum-bearing 
sedimentary basins. The Institute's 
basin models are used by Statoil and the 
Norwegian Petroleum Directorate, and 
are being marketed commercially in 
collaboration with Statoil. These basin 
models form an important tool in many 
research projects. Much of the effort in 
1994 has been directed at exploration 
activity related to the 15th licensing 
round, especially in the Voring Plateau 
area, which is a volcanic continental 
margin. 

Improved oil recovery is the priori
tized area for research within produc
tion technology. This includes the 
development of geochemical methods 
for the identification and quantification 
of flow barriers and other flow effects in 
the reservoir. Central projects in 1994 
included the further development of 
modelling tools for simulating thermal 
fracturing in injection wells, experimen
tal studies and the development of 
simulation tools for polymer flooding, 
homogenization of reservoir properties, 
modelling horizontal wells and the 
development of improved methods for 
the interpretation and quantification of 
lithological logs. 

The Institute's work in the area of 
reservoir description is related mainly to 
the development and application of 
geochemical methods for mapping fluid 
communication within reservoirs. The 
use of radioactive and non-radioactive 
chemical tracers provides an opportu
nity to describe and predict reservoir 
structure and plumbing and thus contri
bute to more effective reservoir exploi
tation and management. Besides the 
development of the tracers themselves, 
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new and improved analytical techni
ques, and new tracer management and 
simulation methods, several full scale 
field tracer injection trials were per
formed during 1994 for a variety of oil 
companies. 

The Institute's Petroleum Laboratory 
is the stage fora considerable experi
mental work programme in flow tech
nology, instrumentation, metering and 
corrosion. During 1994 the laboratory 
was expanded, with a new extension 
housing a 15 m long three-phase inc
lined-pipe test loop for studying multi
phase flow in deviated wells. The test 
section of the rig can be rotated to any 
inclination from horizontal to vertical, 
and has a high standard of instrumen
tation for the detailed measurement of 
flow structure. 

The 1994 work programme for multi
phase modelling concentrated on issues 
related to long distance gas/condensate 
pipeline transport (e.g. the Troll field). 
In collaboration with the Norwegian sy
stems industry a large training and 
operation simulator is being developed 
for the Troll phase 1 project. The Troll 
(raining simulator consists of models for 
the production platform, two multiphase 
transport pipelines, and the onshore 
facilities. The simulators will be deliv
ered to Statoil in mid 1995, with Nor-
control Systems as the principal con
tractor. The Institute has also evaluated 
the use of the multiphase flow model 
OLGA in an on-line operator support 
system for the Troll transport pipelines. 
This work was earned out for Fantoft 
Process under contract to Statoil. 

The Institute today is a centre of exper
tise related to the internal corrosion of 
oil and gas pipelines. A number of re
search projects were carried out in 1994 
on CO^corrosion of carbon steel pipe
lines and process equipment, including 

both fundamental scientific studies 
funded through multi-client consortia, 
and field-specific projects for individual 
oil companies. From the extensive data
base obtained from such multi-client 
projects, and from Troll-specific experi
ments carried out at IFE, a computer 
pipeline model has been constructed, 
which calculates thr^xie of corrosion as 
a function of various key parameters. 
Glycol is often added to the petroleum 
stream in gas/condensate pipelines to 
inhibit hydrate formation, something 
that also retards corrosion. Experimen
tal and modelling work carried out at 
IFE has demonstrated that, with maxi
mal glycol doses, the corrosion rate can 
probably be reduced from 1.5 down to 
0.2 mm/year in the Troll pipelines, 
making a 50 year lifetime possible. In 
collaboration with Statoil, test methods 
have been developed for corrosion in
hibitors. Statoil has sponsored its own 
dedicated test rig at IFE for investi
gating inhibitors. 

Process simulation 

For a number of years, IFE has been 
involved in the modelling and dynamic 
simulation of industrial processes. On. 
of the most important industrial appli
cations of dynamic simulation is in 
training simulators. To improve the 
quality, safely and economics of each 
process, industry is increasingly making 
use of advanced training simulators. 
Behind each simulator there is a dyna
mic model of the process being simu
lated. The consequences of operator 
intervention are computed continuously, 
so that to the operators the simulator 
will appear exactly like the real process. 
A training simulator thus enables realis
tic operator training, including potential 
accidents, without any economic, perso
nal or environmental risk. 

Internal C02-corrosion attack in oil/gas 

pipework. 

(Statfjord in the North Sea). 

Ekofisk 2/4 A 
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S t a t e m e n t from t h e B o a r d 

During 1994 the Institute contributed 
to the development of several simulators 
for (lie oil industry. The Institute parti
cipated in the development of a training 
simulator for Norsk Hydro's vinyl chlo
ride monomer (VCM) factory in Kafnes. 
The simulator incorporates cracking of 
ethylene chloride and the distillation 
and separation of the reaction products. 
The simulator is expected to be comple
ted by the Summer of 1995. 

The Institute today forms a leading 
centre of expertise in the development 
of mathematical process models for ma
terials shaping, and is the main supplier 
of mathematical casting models for (lie 
aluminium industry in Norway. The 
research effort has mainly been aimed 
at physical description of the processes, 
and the numerical and analytical metho
ds needed to implement a mathematical 
model. 

Energy systems 
The work programme in this area aids 
the development and use of renewable 
energy resources and energy-efficient 
technologies. The Institute is contribu
ting to the development of wind power 
energy systems, and energy systems 
analysis. A small wind turbine, designed 
to be maintenancefree and sufficiently 
robust for operation in arctic conditions 
is now under test. In collaboration with 
ABB Energi, and through funding from 
an EU project, a new type of solar power 
plant is being developed that uses hy
drogen as the means of storing energy. 
The Institute's role will be to determine 
the optimal design and control strategy 
for such a plant. These methods will 
soon be implemented in a plant at 
ENEA in Rome. 

The computing tool MARKAL has 
been expanded to include macro-
economic conditions, and has been 

applied in energy systems analyses 
focused on emissions in the transport 
sector, and in market analyses for fuel 
cell technology. 

The Institute's energy conservation 
work for industry lias to some extent 
been dictated by the structure and direc
tion of publicly funded energy conserva
tion programmes. The activities were 
defined through agreem nts wi<h M1E 
or NVE, and these included numerous 
administrative tasks, such as analyses 
and reporting, dissemination of techno
logy documentation and information, 
and prototype- and demonstration-pro
grammes. 

During 1994 a comprehensive review 
was carried out of all the prototype and 
demonstration projects for renewable 
energy resources and energy conserva
tion that have been supported by the 
authorities so far. In all, 416 projects 
were reviewed; a total of NOK 782 mil
lion was invested in supporting these 
projects. Around 70% of the projects 
were classed as successful or partly 
successful. 

The "Business Network for Energy 
Consumption in Norwegian Industry" 
was expanded in 1994, and the member
ship has now reached around 460 
companies. Together these companies 
account for around 70% of energy 
consumption by Norwegian industry. 

Health, safety and the environment 
None of IFE's employees received 
radiation doses in 1994 that exceeded 
the recommended levels for occupa
tional exposure. The levels of routine 
release of radioactive effluents from the 
Institute's facilities were, as previously, 
very low, far below permitted levels. 

The Institute's health service recorded 
no serious work-related accidents or 
injuries in 1994. The level of sick leave 

in 1994 was 3.8% at Kjeller and 2.7% in 
Halden. The corresponding figures for 
1993 were 4.5% and 3.1% respectively. 

Economy and personnel 

The Institute's total revenue for 1991 
amounted lo NOK 377.3 million, of 
which NOK 202.8 million related to 
activities ;it Kjeller and NOK 174.5 
million to activities in Halden. 

In relation to the annual accounts, it is 
noteworthy that from 1994 onwards the 
accounts record the accumulated vaca
tion pay for that period. This means that 
the 1994 accounts contain vacation pay 
entries for 1993 and 1994. The figure for 
1994, including the social security 
contributions, was NOK 22 3 million. 
As a result of this change in accounting 
practice the accounts show a deficit for 

1994 of NOK 5.2 million. 
The total number of employees on 

31.12.94 was 588, compared to 584 a 
year previously. Of these, 212 had 
university and college degrees, inclu
ding 38 with doctoral degrees. 

The turnover of personnel in 1994 
included 63 employees who left the 
Institute (31 of these were professional 
staff), and 78 new employees who 
joined (including 40 professional staff). 
A total of 38 foreign guest researchers 
had short- or long-term visits to IFE, 
while 18 of the Institute's researchers 
spent time working abroad. 

The Institute's research staff publi
shed 49 articles in peer-reviewed inter
national journals in 1994, and 52 presen
tations were published in conference 
proceedings. In addition, 265 research 
and development reports were 
produced. 
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Institute (or Energy Technology 

Financing of t h e Halden Project 1994 (mill. NOK) 

International joint 
programme 

Total revenue: 174,5 
85,1 

Norwegian government 
grant 29,0 

Bilateral 
assignments 89,4 

Participating countries: 

BELGIUM 
DENMARK 
FINLAND 
FRANCE 
GERMANY 
ITALY 
JAPAN 
NORWAY 

RUSSIA 
SWITZERLAND 
SPAIN 
SWEDEN 
THE NETHERLANDS 
THE CZECH REPUBLIC 
UNITED KINGDOM 
USA 

Personnel , IFE 
Posts (total 588) 

Administrative 
(non academic) 

Academic 
212 

Progression of income, IFE 
1990-94 (mill. NOK) 

1992 

K 

1993 i 

1991 

1990 f 
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r: 

B 
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Assignments- and other income 

Government grant 



I n s t i t u t e tor Energy T e c h n o l o g y 

PROFIT AND: LOSS ACCOUNT 

OPERATING INCOME 
Assignment income 
Government grants 
Contribution from foreign participants in Halden 
Steam income 
Other income 

TOTAL OPERATING INCOME 

OPERATING EXPENSES 
Wages, salaries and social costs 
Direct project costs 
Other operating expenses 
Depreciation 
Bad debts 

TOTAL OPERATING EXPENSES 
OPERATING PROFIT BEFORE FINANCIAL ITEMS 

FINANCIAL ITEMS 
Financial income 
Financial expenses 

NET FINANCIAL PROFIT 
PROFIT BEFORE EXTRAORDINARY ITEMS 

EXTRAORDINARY ITEMS 
Holiday pay for 1993 

PROFIT FOR THE YEAR (loss) 

1) 
2) 

3) 
1) 
4) 

5) 

3) 

1994 (NOK) 

228.770.607 
91.822.484 
51.150.000 

4.959.732 
634.389 

377.337.212 

214.711.111 
105.700.677 
35.276.155 
9.268.713 

33.500 
364.990.156 

12.347.056 

3.042.543 
-152.116 

2.890.427 
15.237.483 

20.482.353 
-5.244.870 

1993 (NOK) 

204.786.621 
95.000.000 
50.300.000 

4.260.829 
909.808 

355.257.258 

202.336.165 
104.442.810 
35.924.967 
7.308.915 

200.552 
350.213.409 

5.043.849 

4.119.195 
-170.020 
3.949.175 
8.993.024 

8.993.024 
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I n s t i t u t e for Energy T e c h n o l o g y 

BALANCE 

ASSETS 
Current assets 

Cash and bank deposits 
Bank accounts for special energy conserv. 
Accounts receivable 
Projects in progress 
Olher receivables 
Materials in storage 

Fixed assets 
Machinery, instruments, fittings, etc.. 
Laboratory and office buildings 
JEEP II reactor 
Area 
Uranium and heavy water 
Loan to IFEs Boligselskap A/S 
Shares 

TOTAL ASSETS 

progr 

5) 

6) 

7) 

1994 (NOK) 

63.498.359 
. 5.822.521 

42.461.995 
3.383.000 
1.748.766 
1.123.000 

17.883.000 
10.838.900 
2.788.000 
7.470.000 

26.800.000 
3.089.694 

90.000 

118.037.641 

68.959.594 
186.997.235 

1993 (NOW 

56.842.282 
17.393.765 
34.700.483 

1.006.034 
957.365 
560.000 

16.737.518 
11.225.700 

648.200 
7.470.000 

27.091.448 
3.331.594 

90.000 

111.459.930 

66.594.460 
178.054.390 

LIABILITIES AND EQUITY 
Short-term liabilities 

Tax deductions, employers' national insurance 
contributions, pension and holiday pay 3) 
Accounts payable 
Olher liabilities 8) 

Long-term liabilities 
Ministry of Finance 

Equity 
Locked-in capital 
Operating capital 
Investment, JEEP II reactor 

37.825.217 
22.914.524 
10.296.948 

68.959.594 
45.140.752 

1.860.200 

71.036.689 

115.960.546 

13.789.236 
22.499.073 
20.318.765 

66.352.560 
50.852.856 

4.000.000 

56.607.074 

241.900 

121.205.416 
TOTAL LIABILITIES AND EQUITY 186.997.235 178.054.390 

Kjeller 31 .December 1994 
13. March 1995 

Arve Johnsen Rplf Wiedswang ' Ellen Mørch Haaland ' John Rekstad 
Chairman Vice Chairman 

Jon P. Rambæk 

<&~* 2 ^ - X j i ^ V^Æ2^___^ 
Anna Inger Eide Trond T. Olsen Jon Olav Berg 

Managing Director 
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I n s t i t u t e for Energy T e c h n o l o g y 

NOTES TO THE 1994 ACCOUNTS 

1. The institute's profit and loss statement nas öeen Pdjusted hy NOK 6,500,782 to reflect internal services 
between Kjeller and Halden. 

2. The 1994 government grant to IFE was used as follows: 
• Joint programme in Halden *) NOK 29.0 mill. 

- earmarked grant NOK 25.0 mill, 
-basic grant NOK 4.0mill. 

• Petroleum and energy research, Kjeller NOK 21.3 mill. 
- basic grant NOK 6.0 mill. 
- Strategic Institute Programmes NOK 15.3 mill. 

• Nuclear activities, Kjeller NOK 41.5 mill. 
NOK 91.8 mill. 

*) The Norwegian contribution to the joint programme in Halden for 1994 was NOK 32 million. In 
addition to the government grant NOK 3 million was financed with the Institute's own funds from 
bilateral assignment activity.. 

3. Due to changes in accounting practices, accrued holiday pay is now charged to the accounts for the 
accounting year in question. Accordingly, holiday pay for 1994 (included in the wages, salaries and 
social costs) and 1993 (as an extraordinary expense) have been charged to the 1994 accounts. 

Accrued holiday pay for 1994 is entered as a provision under short-term liability. 

4. Other operating expenses include maintenance and operation of buildings and property, transport, 
security services, office expenses, in-house print shop, joint EDP expenses, personnel development, etc. 

5. The loss provision for receivables is set at NOK 500,000. 

6. Fixed assets (in NOK 1.000): 

Machines, instruments, 
fittings, etc.*) 
Laboratory and office buildings 
Jeep II reactor 
Area 
Uranium and heavy water 
Loan to IFEs Boligselskap A/S 

Value 
1.1.94 

16.737 
11.226 

648 
7.470 

27.091 
3.332 

66.504 

Acquisitions 
in 1994 

8.810 
-

2.287 
-

780 
-

11.877 

Disposals 
in 1994 

-

-
-
-

242 
242 

Deprec. 
in 1994 

7.664 
387 
147 

-
1.071 

9.269 

Value 
31.12.94 

17.883 
10.839 
2.788 
7.470 

26.800 
3.090 

68.870 

*) For operations at Kjeller, a diminishing balance method of depreciation (30%) has been used. 
For operations at Halden, a cash basis depreciation method has been used. 

7. IFE has 50 shares worth NOK 1,000 each in IFEs Boligselskap A/S, a company wholly owned by IFE. In 
addition, IFE has 150 shares worth NOK 100 each in Instidata A/S, the total share capital of which is 
NOK 100,000 and 250 shares worth NOK 100 each in Multiflow A/S, the total share capital of which is 
NOK 50,000. 

8. Other liabilities include energy conservation programmes (NOK 5.8 million) and advance payments from 
participants in the Halden Project (NOK 3.7 million). 
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I n s t i t u t e l o r E n e r g y T e c h n o l o g y 

! STATEMENT OF SOURCE AND APPLICATION OF FUNDS 
1994 (NOK) 1993 (NOK) 

Source of funds 
Accounting result 
Depreciation 
Disposal of fixed assets (Boligselskapet) 

TOTAL (A) 

Application of funds: 
Investments 
Amortized long-term debt (Boligselskapet) 

TOTAL (B) 
Reduction/ increase in working capital (A-B) 

- £.244.870 
9.268.713 

241.900 
4.265.743 

11.875.747 
241.900 

12.117.647 
-7.851.904 

8.993.024 
7.308.915 

16.301.939 

5.374.701 

5.374.701 
10.927.238 

Change in working capital 
Increase/reduction in liquid assets 
Increase/ reduction in short-term receivables 
Increase/ reduction in stock 

- Increase/ reduction in short-term debt 

6.656.076 
7.187.537 

563.000 
22.258.517 

-1.270.671 
12.522.706 

0 
- 324.797 

Reduction/ increase in working capitall -7.851.904 10.927.238 

Report of the Office of the Auditor General 

The Office of the Auditor General has audited the 1994 accounts for the Institutt for energiteknikk (IFE). 
The submitted annual accounts may be adopted as IFE's accounts for 1994. 

The Office of the Auditor General 
Oslo, 23 March 1995 
As authorised 

Jan Fredrik Lied 
Assistant Deputy Director General Vrsfero (Az> "3 erJ 

Kjerstin Wøyen 
Senior Auditor 
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Institute for Energy Technology, Halden 

Research activities at Halden 

SAFETY AND RELIABILITY 
OF HIGH BURN-UP 
REACTOR FUEL 

In collaboration with safety authorities, 
tests arc being carried out by the 
Halden Project to ensure that the safety 
and reliability of reactor fuel are not 
compromised by prolonged use. Pro
longing the lifetime of reactor fuel is 
desirable because it will reduce the 
volume of irradiated material produced, 
and thus minimize the impact of radia
tion on the environment. 

Important parameters that affect 
reliability with extended fuel lifetime 
include the capacity of the fuel rods to 
conduct heat to the coolant water and 
the corrosion characteristics of the 
encapsulation material. Over 30 fuel 
rigs underwent testing in the Halden 
reactor in 1994, most of which were 
used to investigate these basic factors. 
The experimental programme involves 
testing various fuel constructions for an 
extended period. Changes in the 
characteristics of the materials under 
normal operating conditions, and as a 
result of various disturbances, are 
described. 

The results of these experiments have 
provided a database of fuel rod 
behaviour and changes in material 
properties, along with an increased 
understanding of the mechanisms that 
influence reliability and safety. The 
experiments thus provide the technical 
basis of safety authority approval 
procedures for prolonged fuel use. 

REDUCING RADIATION 
EXPOSURE DURING 
MAINTENANCE WORK 

An important task related to main
tenance in nuclear power stations is to 
protect the working environment from 
radiation. Some of this radiation may be 
due to radioactive corrosion products 
that are attached to the oxide layer on 
the inside of pipes and reactor compo
nents. Much of this radioactive con
tamination is due to cobalt that has been 
released from steel alloys and activated 
during circulation in the reactor system. 

A series of experiments is being 
carried out in the Halden reactor, with 
the aim of reducing the levels of radia
tion in reactor components. The experi
ments have revealed that the amount of 
cobalt attached to the oxide layer of the 
metal surfaces is strongly dependent on 
the quality and surface structure of the 
material, and the composition of the 
coolant water. Experiments involving 
the addition of minute quantities of zinc 
to the coolant water showed that the 
oxide layer takes up zinc and "loses its 
appetite" for cobalt. It has also been 
demonstrated that cobalt already con
tained in the oxide layer can be released 
and replaced by the non-radioactive 
zinc. 

The experiments have caused great 
interest among the Halden Project 
participants. Further work will involve 
investigating cobalt uptake and 
liberation mechanisms, the long-term 
effect of zinc addition, the effect of other 
changes in the coolant water chemistry, 
and the practical steps that could be 
taken to modify procedures to ensure 
continued minimized levels of radiation 
in the working environment. 

zinc In coolant 

0 0,25 ' 0,5 0,75 0 
Depth of cobalt diffusion Into oxide 
layer dim) 

Before addition nl zinc 

0 0,5 1 1,5 
Depth ot cobalt diffusion into oxide 
layor (u.m) 
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Institute for Energy Technology, Halden 

Quality control of measuring devices. 

Sensor for recording pressure, 

temperature and mecanlcal deformations. 

SENSORS FOR SEVERE 
OPERATING CONDITIONS 

The diverse research programme in 
materials and fuel technology relies 
heavily on access to advanced measu
ring instruments. In order to meet 
stringent demands for accuracy and 
reliability, the Halden Project has been 
involved in instrument development for 
many years, and has accumulated 
unique expertise in instrument design, 
choices of materials, and precision 
mechanical engineering methods. 

The experimental equipment installed 
in the reactor includes numerous instn-
ments for continuously measuring and 
monitoring temperature, mechanical 
changes, pressure variations and flow. 
The use of high-grade materials and 
advanced production techniques en
sures long term reliability even under 
severe operating conditions. 

One of the most important instru
ments is a differential transformer that 
is highly sensitive to very small relative 
variations. This type of sensor is used as 
the basic instrument to measure a 
whole range of different parameters, 
such as mechanical deformation, pres
sure and temperature. 

Ongoing work is aimed not simply at 
improving existing instrument types, 
but at the continued development of 
new instruments and sensor types for 
use in the research programme. An 
outcome of this effort has been new 
sensors for investigating the growth of 
cracks during stress corrosion in stain
less and nickel-based steels. These 
novel instruments have given the 
Halden Project a leading international 
position in this research field. 

Even though most of the instruments 
and sensors are designed for use in the 
Halden reactor experimental research 

programme, products may also be 
developed for Norwegian industry and 
for reactor plants in other countries. 
Examples of this include instruments 
for measuring gas turbulence, monito
ring water quality through the measure
ment of electrochemical potential, and 
gamma thermometers for determining 
effect profiles in the reactor core. 

SOFTWARE RELIABILITY 
AND QUALITY ASSURANCE 

Computer systems are increasingly 
being used in the monitoring and 
surveillance of process plants. Wien 
computer systems are used for safety-
related functions, software reliability is a 
prime concern. Thus, determining the 
methods that are best suited for devel
oping and verifying this type of software 
is a very important issue. Collaborative 
research in this area through the Halden 
Project has the aim of establishing effec
tive tools and methods that make it pos
sible to design, develop and verify soft
ware in a systematic and precise manner. 

An important aspect of this work is the 
establishing of so-called formal develop
ment methods, based on the practical 
application of mathematical techniques. 
The methodology incorporates an 
automatic proving tool (HRP Prover) 
which is used to verify and validate the 
specifications. This method was 
evaluated in 1994 in connection with the 
development of a safety system for the 
Barsebäck nuclear power station in 
Sweden. This demonstrated how formal 
methods can be used through the whole 
development process, from specification 
to implementation. At the same time, 
the work helped to reveal some of the 
possibilities and limitations of formal 
analysis in regard to software develop
ment. 
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Work is now being done to adapt these 
methods for industrial application, such 
as in (lie development of safety-related 
software for the process industry. For 
example, attempts are underway to 
determine which methods are most 
suitable for the specification of systems 
that operate in real time and that inter
act with other systems. By combining 
research into methodology with practi
cal applications, this work contributes to 
an increased understanding of the po
tential of the different methods as well 
as their limitations. 

CONTROL ROOM DESIGN 

Improving the control rooms in complex 
industrial process plants, such as nuclear 
power stations and oil installations, is 
a topic of growing importance. The 
background to this work is that con
trol room equipment is gradually be
coming obsolete and computer tech
nology is offering new technical solu
tions, especially relating to the interface 
between the process and the operator. 
More than ever before, industry is 
coming to realize that improving the 
control room is a way of increasing 
production and improving safety. 

For several years now, the Halden 
Project has had control room develop-

The Halden Man-Machine laboratory 

(HAMMLAB). 
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ment as part of its research programme. 
This work places much emphasis on 
establishing an overall control room 
philosophy, which takes into account 
the tasks that must be performed in the 
control room and an analysis of how 
these can best be divided between the 
operator and the technology. The main 
basis for this is knowledge of the human 
behaviour, the process, and the computer 
technology. There is now a greater 
understanding in industry regarding the 
necessity for establishing such an 
overarching control room philosophy as 
the basis for technical modifications. 

Under contract to Luftfartsverket in 

1994, the Halden Project carried out an 
evaluation of the design criteria for plan
ning the control tower at the new main 
Gardermoen airport. A project was also 
started for the Swedish nuclear power 
industry to establish a control room 
philosophy for the reactors at Oskars
hamn and Barsebäck. The results of this 
project will be in the form of specifica
tions that will act as the basis for an 
invitation to tender. The Halden Project 
has also contributed to the design of 
new process displays for monitoring the 
furnaces at Svenska Stål AB. 

The new main Gardermoen airport. 

MEMBRAIN - A SUPPORT 
SYSTEM FOR NUCLEAR 
ACCIDENT PREPAREDNESS 

The EUREKA project MEMbrain has as 
its aim the development of generic me
thods for dealing with large scale disas
ters, such as floods, earthquakes and 
the release of radioactive malerial. Seve
ral European countries are involved, and 
each nation has selected a special field 
of application lo concentrate on. The 
Norwegian effort will focus on the devel
opment of a support system for Norwe-
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gian nuclear accident preparedness, 
with the Norwegian Radiation Protec
tion Agency as the formal contractor. 

A support system for nuclear accident 
preparedness must be able to assist in 
all phases of an accident that might lead 
to radioactive contamination on Nor
wegian territory or surrounding areas. 
This requires that the system must 
have access to information on the 
course of events, the technical aspects 
of the radiation source, the meteoro
logical conditions and fallout transport 
mechanisms. The system must be able 
to predict which parts of Norway will be 
affected, and estimate areas that will 
experience severe contamination. This 
demands that meteorological observa
tions and predictive models are acces
sible, and that numerous calculations 
must be made as information about 
emissions, weather and transport times 
is updated. The Norwegian Meteoro
logical Institute and the Norwegian 
Institute for Air Research are partners 
in the work in these areas. 

The Halden Projects expertise in in

formation technology, nuclear installa
tions, and the radioecological effects of 
accidents in nuclear power stations has 
been a decisive factor in enabling the 
Project to participate in the develop
ment of this system. The Norwegian 
part of the project is administrated by 
Quasar Consultants and Oceanor. 

Halden has been chosen as the site 
for systems integration, and a prototype 
was installed at the Norwegian 
Radiation Protection Authority in 1994. 
A preliminary version of the system will 
be completed by Summer 1995. 

HANDEL • HALDEN PROJECT'S 
TOTAL SYSTEM FOR MARKET-
BASED POWER TRADING 

Free trading in electric power is deman
ding for the players in the power market, 
and there is an increasing need for effec
tive systems to support operations and 
decisions. Competitiveness and econo
mics are seen as the factors upon which 
players will choose between informa
tion technological support systems. 

Sucli systems need to give an overview 
of the power supply situation at all times, 
and take into account the dealer's own 
power portfolio. For large players who 
must handle large amounts of data 
there is a need for new types of infor
mation technology structures, 

Statnett's SAPRI and SAREG systems, 
which were developed in collaboration 
with the Halden Project, play a key role 
in the further development of the 
organized power market in Norway, 
SAREG, which was completed in 1994, 
is used for administrating the regulating 
power market. 

The main tasks are to achieve a 
balance between power generation 
and consumption, and to manage the 
transfer limitations of the central grid. 
The main purpose of SAPRI is to cal
culate prices and power exchange for 
individual players in the short term 
power market. 

HandEl, the Project's total system for 
power trading, is the result of many 
years work in building up expertise and 
partnership with large players in the 
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power market: principally Statnclt and 
Hydro Energi. The system consists of 
several user-oriented software packages 
and provides a comprehensive range of 
functions for all types of players in the 
power market. 

'Hie fust version of HandEl/MA, which 
is a market and accounting system for 
large and medium sized players, was 
installed at Hydro Energi in 1994. The 
system provides functions related to the 
short tenn markeUhercgulatingpower 
market, the weekly market, bilateral 
power contracts, market accounting and 
billing. HandEl/MA is the first system 
to communicate electronically with 
Slatnell Marked via the EDIFACT 
standard. 

HandEl/PC-Kraft. which was devel
oped as part of the Research Council of 
Norway's EFFEN programme, was 
installed with scores of users in 1994. 
PC-Kraft is used by small to medium-
sized market players, and incorporates 
functions for trading on the short term 
market and with bilateral contracts. 
The system can communicate with 
Statnett's SAPRI system. ABB Energi 
has been selected as a partner for 
further marketing of this system. 

HandEl uses databases from several 
suppliers, and has flexibility built into 
the system solutions used and its 
functionality. A logical database 
structure has been implemented to 
increase the efficiency with which large 
amounts of data can be managed. This 
enables access to various physical 
databases through a common interface 
and handles the different data formats. 
As part of this work, the Halden Project 
in partnership with Hydro Energi, has 
initiated a development project to map 
out the value chain for the various work 
processes related to power trading, and 
to make them more efficient. 

It was a breakthrough year in 1994 for 
the Halden Project's activities related to 
power trading. HandEl/PC-Kraft has 
been delivered to scores of market play
ers, and HawlEI/MA. now in use with 
Hydro Energi, has been ordered by 
several users, including-Akershus Ener
giverk, Sogn og Fjordane Energiverk, 
and Swedish Gullspångs Kraft. 

INTELLIGENT ALARM 
SYSTEMS 

The basic reason for this development 
work is that existing alarm systems do 
not give warning of abnonnal operating 
conditions with sufficient safety and 
accuracy. When more serious 
operational disturbances occur, a large 
number of alarms may be triggered, 
making it difficult for the operators to 
maintain an overview and find the 
underlying cause of the abnormal 
condition. The process industry has 
thus expressed great interest in new 
alarm systems that pay special attention 
to the interface with the operators. 

In the Halden Project, various methods 
have been developed that help to im
prove alarm systems. Alarm filtering, 
for example, removes the less important 
alarms to improve the operators' 
overview. Model-based fault detection 
identifies minor anomalies so that it is 
possible to intervene at an early stage to 
prevent more serious problems devel
oping, while symptom-oriented alarm 
systems monitor the status of critical 
process functions, such as excess fuel 
consumption in a gas compressor. 

Experience so far indicates that only 
integration of the different methods 
provides an adequate solution. Devel
opment work in Halden has taken heed 
of this and developed a general tool, 
COAST (Computerized Alarm System 

Toolbox), tlv.it enables plant-specific 
alarm systems to be constructed based 
on a combination of all the different 
methods. This tool makes it possible to 
configure intelligent alarm systems, and 
to establish relations between alarms, 
such that the alarm system supports the 
operator in diagnostic work to find the 
underlying cause of a fault condition. In 
addition, emphasis has been placed on 
the development of communication 
modules to enable the tool to be inte
grated with existing data acquisition 
and alarm systems, and with graphical 
operator stations for the clear represen
tation of alarm information. 

In collaboration with Saga Petroleum, 
the Halden Project has formulated a 
new alarm philosophy and specified the 
requirements for the alarm module of 
the new surveillance system for the 
Snorre/Vigdis installations. A collabora
tive partnership has also been set up 
with Siemens' Oil and Gas Division, 
aimed at integrating COAST into their 
surveillance system when the alarm 
system for Snorre/Vigdis is to be 
implemented. 
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Research activities at Kjeller 

THE "TRACER CLUB" 

In 1991, the Institute established the 
IFE Tracer Research Club (ITRQ.a 
multi-client programme financed by 
Norwegian and foreign oil companies. 

The first phase of the programme has 
been directed at generating fundamen
tal improvements in tracer technology 
through the development of new water 
and gas injection tracers for secondary 
recovery. The programme provides the 
basis for a more environmental friend
ly and cost-effective service for field 
projects, as well as improving interpre
tation methods for tracer production 
curves. This enables much more infor
mation about the reservoir to be inter
preted from the tracer response curves. 
The research work has thus focused 
mainly on tracer evaluation, analytical 
methods, injection and sampling me
thods, and improving the interpretation 
tools. 

In the present phase of the program
me, the results from the first phase are 
being verified using full scale field trials 
in petroleum reservoirs. 

Up to now, the work has been highly 
successful. A range of new gas and 
water tracers has been developed, 
which is now in the final stages of 
testing in full scale field trials. Some of 
the results, especially those related to 
the new non-radioactive gas tracers 
(perfluorinated hydrocarbons), are 
already being applied in routine field 
projects in the UK and Norwegian 
sectors of the North Sea, in the USA 
and in South America. The results of 
these investigations provide the basis 
for further development work, which is 
mainly focused on tracer methods for 
quantifying unswept oil in previously 
flooded reservoirs. 

5 new water tracers for oil field Investigations analysed by High-
Performance-Uquld-Chromalography in the same sample. 
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MULTIPHASE FLOW 
LABORATORY AND TEST 
LOOP 

The multiphase flow research program
me focuses on issues related to long
distance transport of gas-condensate 
and rater in large-bore pipelines 
(Troll), and the Iransport of oil-water-
gas mixtures in wells and short pipe
lines to onshore processing facilities. 
The goal is to improve and modify the 
flow models previously developed at the 
Institute (0LGA.WOLGA) to provide 
the basis for designing multiphase 
transport systems. An important aspect 
of this work consists of expanding the 
database on which the flow models are 
based through experimental work in the 
multiphase flow laboratory. 

As part of their research programme 
in multiphase flow, Statoil funded the 
construction of a three-phase inclined-
pipe lest loop. This lest loop, which was 
completed in 1994, makes it possible to 
study multiphase flow in deviated wells. 
The test loop is 15 m long, and can be 
positioned to study oil/water/gas flow 
at all angles from horizontal to vertical. 
The high level of instrumentation 
incorporated enables detailed 
measurement of flowregimes. The gas 
that is used in the loop is SF6, which has 
a density about 5 times that of air. High-
pressure multiphase hydrocarbon flow 
in fieldpipcs can be simulated in the 
experimental loop at moderate pres
sures (up to lobar) using this dense 
gas. The instrumentation includes 
equipment for measuring pressure drop 
and gamma density, as well as visuali
zation equipment such as high speed 
film cameras, video and a digital image 
processing system. 

Multiphase flow experiments invol
ving visualization and measurements 

Test rig for C05-corrosion. 

are of great importance for model 
development. Measurements include 
pressure drop and phase fractions, 
together with detailed studies of wall 
friction, droplet flow in the gas, surface 
waves, unstable slug flow and unstable 
oil-water emulsions. Other applications 
of the rig include calibrating measuring 
instalments such as multiphase flow 
meters, density measuring tools and 
well logging equipment. The test loop 
can also be modified to study flow in 
horizontal wells. 

VOLCANIC MARGINS -
A NEW RESEARCH AREA 

Southern Voting Margin 
Vorlng Marginal High 

About 55 million years ago, the conti
nental area between Greenland and 
Europe began to break up. At this time, 
a huge amount of volcanic material was 
deposited in the 2600 km-long marginal 
areas on either side of the rift zone. 
Part of the driving force behind this 
volcanism was a liquid mass that rose 
from 3000 km deep within the Earth, 
and spread out under Greenland 62 
million years ago. The remains of this 
"mantle plume" today gives rise to the 
volcanic activity on Iceland. 

Tlie hot volcanic material, with a 
temperature of perhaps 1200°C, led to a 
greatly increased heat flow, increasing 
the maturity of organic matter in the 
sediments along the volcanic margins. 
The volcanic melts were less dense than 
the surrounding rocks, and this led to 
parts of the area being uplifted above 
sea level. This in turn affected the 
patterns of water circulation in the sea, 
with significant climatic consequences. 

A few years ago, volcanic margins 
were seen as relatively rare phenomena. 
Today, though, with the help of new seis
mic methods, we now know that per
haps more than 50% of all continental 
margins have been associated with vol
canic activity. Such volcanic margins 
can form potentially very important hy
drocarbon provinces, as long as source 

Vorlng Basin 
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rocks arc present, and have not been 
heated too much by the volcanic 
activity. 

Understanding the development of 
volcanic margins demands new appro
aches and methods, particularly con
cerning the interplay between the gene
ration, transport and deposition of vol
canic rocks, together with their effect 
on the sediments. 1FE, in collaboration 
with the University of Oslo and the Free 
University of Amsterdam, has 
accumulated special expertise in 
characterizing and modelling volcanic 
margins. In the Autumn of 1994 a 
multi-client study was carried out for 9 
oil companies in preparation for the 
15th licensing round, aimed at under
standing the More-Voring-Lofoten 
volcanic margins. Preparations are 
currently being made for a possible 
similar project in the West of Shetlands 
area, in collaboration with the Geochem 
Group in the UK and Scawlpower A/S. 
This has the support of BRINORD 
(British/Norwegian Research Council). 

THREE PHASE FRACTIONAL 
METERING IN PIPELINES 

The Institute has started develop
ment work on a new generation of 
three phase fraction.nl metering 
instruments, designed to measure 
the distribution of oil, gas and liquid 
phases over the pipe cross section. 
The concept is based on previous 
work related to the development of 
the three phase Fast Volume Weight 
Meter (FVWM). This instrument is 
a broad beam gamma densitometer 
with two power levels that measures 
phase fractions in a three phase 
medium. 

The new concept involves the use 
of several gamma sources and detec
tors. The signals measured do not in 
themselves give direct information 
on phase distribution, and it can be 
shown that even with two sources 
and three or more detectors it is 
generally not possible to define 
phase distribution over the whole 
pipe cross section. If, on the other 
hand, a neural network can be 

Gammasources 

taught using known phase regimes 
with known phase fractions, the 
pattern-recognition ability of the 
neural network can be used to pro
vide reasonable estimates of phase 
fractions in idealized flow patterns. 

Initial simulations were based on 
an instrument with two sources 
situated at right angles to each 
other, with associated detectors that 
are split into three. With this con
figuration it emerged that a rela
tively simple neural network could 
distinguish between four different 
phase regimes (layered, annular, 
reverse annular and homogeneous 
flow). Results were also promising 
for the identification of the fractional 
phase content in nine windows of 
the pipe cross section; in other 
words a crude tomograph of the 
fractional distribution of oil, gas and 
water. 

Instrument arrangtmant. 
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MATERIALS MODELLING 

The Norwegian metallurgical industry is 
moving increasingly towards a greater 
level of product finishing. The Institute 
has thus modified the range of models it 
offers to include various stages right 
down to the finished product. Work to 
include new material characteristics in 
the models has created a dem;ind for a 
stronger basic understanding of metal
lurgy and materials. This is happening 
through various avenues, including 
collaboration with the University of Oslo 
(postgraduate students). 

The Institute has supplied a mathe
matical model for the finishing treat
ment of band forged aluminium coils. 
After the bands have emerged from the 
broad band forging machine they are 
coiled up and moved into a furnace. 
Here they are heated and then cooled 
using a temperature curve specially 
designed to yield the correct material 
characteristics, such as flexibility and 
softness. The mathematical model simu
lates the anisotropic thermal conductivi
ty of the band rolls as they are heated in 
the furnace. In this area, the Institute is 
collaborating with Hydro Aluminium, 
Karmoy. A model such as this has been 
supplied to SSAB in Domnarvet 
(Sweden), for annealing sheet metal 
coils. This model is now to be developed 
further to include computation of ther
mal conditions within the furnace itself. 

Mathematical simulation of the pro
cess of joining pieces of metal together 
(welding) is a new field where there is a 
need to tailor make models that incor
porate the Institute's expertise in 
thermal stress, thermal conductivity and 
flow. A mathematical model for electron 
beam welding is presently being tested. 
For this process IFE has a development 
project with Raufoss Technology A/S. 

ENERGY SYSTEMS BASED 
ON SOLAR POWER AND 
HYDROGEN 

The EU project "Stand-Alone Photo
voltaic-Hydrogen Power Systems" 
(SAPHYS) is a collaborative project 
between ENEA (Italy). KI-'U. Julich 
(Germany), ABB Energi (Norway) and 
IFE. The purpose of this project is to 
develop an autonomous energy supply 
system based on solar cells and energy 
storage in the form of hydrogen. In 
periods with an excess of solar energy, 
water is split by electrolysis to form 
hydrogen. In the opposite case, the 
energy stored is used by means of a fuel 
cell. 

ENEA has constructed a test rig that 
covers solar cells, hydrogen storage and 
fuel cells. A control system is to be 
developed by ABB Energi and the Insti
tute. The system will be marketed by 
ABB Energi. 

A preliminary system design for the 
plant was worked out during 1994. Two 
basic concepts were evaluated: 
Conversion of all the energy from the 
solar cells to hydrogen, or partly 
distributed direct to the users. A critical 
factor for the total efficiency of the plant 
is correct adjustment of the current-
voltage characteristics for the different 
components. Testing will begin on the 
experimental rig at ENEA in 1995. 
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DRYING TIMBER WITH 
BIOFUEL 

Norway produces around 2.3 million 
cubic metres of timber annually, and 
85% of this is dried artificially. In this 
industry there is a good level of aware
ness about energy efficiency, and the 
Institute has worked on tasks related to 
effective energy usage in timber drying' 
for several years. 

Timber is dried by flowing hot air with 
a given humidity over its surface, thus 
taking up moisture from the wood. In 
order to maintain the drying process it 
is necessary to generate hot low-humi
dity air continuously. The air humidity 
must not be too low, though, as this can 
damage the timber. Therefore the hot 
air must sometimes be humidified. 

In a conventional drying plant, air is 
humidified by blowing water vapour or 
steam into the drying chamber. De-
humidifying occurs either by inmixing 
dry outside air, or by passing the air 
over a cold surface, such that some of 
the water vapour condenses. The cold 
surface is usually generated by an 
electrically driven heat pump, although 
the company would often prefer to use 
their own bark and wood chip waste 
products (biofuel). In other words, the 
industry needs an air treatment system 
that does not rely on electricity to power 
it, and that avoids the waste of energy 
caused by using hot damp air and cold 
outside air. 

In the Autumn of 1994 a prototype 
timber drying plant was constructed at 
Rømskog Sag A/S using biofuel as the 
energy source. The plant utilizes the 
condensation principle, but avoids the 
use of a heat pump. The project was 
supported financially by the Research 
Council of Norway, while technical 
aspects were handled by the Institute. 

Romskog Sag A/S. 

The principle used is that the hot air, 
after passing over the timber, is passed 
through a stone bed that is has its 
temperature regulated by the controlled 
supply of water. Depending on the 
temperature of the stone and the ther
modynamic condition of the air, water 
will either evaporate or condense. The 
humidity of the air is then adjusted by 
varying the amount of water that is 
washed over the stone bed. The tem
perature is regulated using a heat bat
tery in the air stream. 

The results so far have been very pro
mising, even though, as an unfortunate 
result of some of the construction 
methods used, it has not been possible 
to achieve sufficiently high air humidity 
in all parts of the drying cycle. With 
relatively simple modifications it should 
be possible to improve the effectiveness 
of biofuel-powered plants in the same 
way that heat pumps have increased the 
efficiency of electrically powered plants. 

mm,«Mvm 
Stone bed (or heat recovery In the drying 

chamber. 
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Electron beam welding. IFE has three 

electron beam welding machines for 

welding advanced products and reactive 

materials In vacuum. The largest machine 

has a 7 m3 vacuum chamber. Metal 

components from 0,005 - SO mm 

thickness can be welded. 

ELECTRON BEAM WELDING 

Electron beam welding has been a spe
ciality at the Institute for many years, 
and the Institute is the only facility in 
Norway for this advanced welding 
method. Electron beam welding is a 
high-quality welding method that uses a 
beam of accelerated electrons to melt 
the metal components to be welded 
together. Some characteristics of the 
method are: high energy density in the 
beam, very low heat transfer, welding of 
thin foils to thick components, welding 
of metals with very different melting 
points, high welding speed, welding of 
very thick materials in a single pass, 
high quality and good reproducibility, 
and no atmospheric contamination 
because the welding is carried out in a 
vacuum. 

In 1994 the Institute purchased a third 

electron beam welding system. This has 
a very large high vacuum working 
chamber (7 m5). The welding machine 
satisfies the Institute's own needs for 
the manufacture of reactor components 
and experimental equipment, but is also 
much in demand by Norwegian industry 
for product devel-opment and produc
tion where quality and reliability are 
important Clients include: 

- The Norwegian Air Force and Norsk 
Jetmotor A/S (engine components for 
the F-16 and FW-4000 aircraft). 

- Raufoss A/S (Satellite components in 
aluminium, stainless steel and titanium, 
and air-bag collision safety systems). 

- Norsk Forsvarsteknologi A/S (Engine 
body for Penguin rockets). 

- Read Matre A/S (Pressure sensors). 
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NEUTRON SCATTERING 

Powder neutron diffraction is a central 
technique in materials research. With 
support from the Research Council of 
Norway, a new powder neutron diffrac-
tometer (PUS) is under construction in 
the JEEP II reactor. The point of the 
project is to construct an effective high-
resolution instrument for Norwegian 

to investigations of "chaotic" processes, 
in that it is possible to undertake real
time measurements of fluctuations in 
liquid crystal samples. This activity is 
at the forefront of research, and there is 
great international interest hi the work 
being carried out here. 

The research reactor JEEP II at Kjeller. 

user groups. Aided by collaboration 
agreements with, among others, the 
University of Missouri (USA) research 
reactor and the Riso research centre in 
Denmark, the Institute will gain an 
instrument that will be unique on a 
world scale. It will deliver n quality that 
will rival other equivalent diffracto-
melers in Scandinavia (Riso in Den
mark, Studsvik in Sweden).The new 
instrument will be available for use in 
1995. 

In 199-1 the following systems and 
phenomena were investigated: magne
tic materials, metallic hydrides, liquid 
crystals, high critical temperature 
super-conductors, adsorption of 
surfactants onto surfaces, polymer 
structures, self-organization in 
convection dynamics and colloids. 

The JEEP II reactor is very well suited 

THE NEXT GENERATION OF 
PLASTICS 

The Small Angle Neutron Spectrometer 
(SANS) is an important factor in work to 
characterize and understand complex 
structures and processes in the size 
range between the atomic and micro
scopic scales. The research based on 
SANS spans a spectrum of phenomena 
and systems. During 1994, SANS was 
used to investigate the structure of 

various polymers, surfactant materials, 
nanoparticlcs, cement and colloids. 
This work has important implications 
for the development of new materials, 
such as polymer alloys, catalysts and 
aerogels. 

Plastic materials are built up of poly
mers, long molecular chains made up of 
a single basic repeated unit. The next 

generation of plastics will be con
structed from two or more different 
basic units. In this way, the physical 
properties of different polymers can be 
incorporated into a single plastic mate
rial. SANS plays an important role in 
the study of such plastic materials, pro
viding a unique opportunity to investi
gate the microstructures of tomorrow's 
plastics. 

Labrasol/Plurol 51.0% ethyl oleate 
19.7% T=24.10C 3.40 m S0047 

1 63 

EH 2088-2319 C3 928-1159 

• 1856-2087 E 0 696-927 

• 1624-1855 E 3 464-695 

El£] 1392-1623 E 3 232-463 

ED 1160-1391 US 0-231 

Characteristic neutron diffraction 

diagram from a multlbtock copolymer. 

The different coloured rings are 

'fingerprints' of the molecular structure. 
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^-TÄ&vSaS 

The Mayak Plant Lake Karachai In the 

foreground. Photo: PA Ma|ak 

Collecting samples from boggy land 

along the river Tetsja. 

RADIOACTIVE POLLUTION 
AROUND THE MAYAK PLANT 

The Mayak plant in Southern Urals in 
Siberia began production of plutonium 
for atomic weapons in 1948. From 1948 
to 1951, the radioactive waste from the 
production process was released 
directly into the river Tetsja, which 
empties into the Kara Sea via a 2000 km 
long river system including the Iset, 
Irtysh and Ob rivers. From 1951 until 
the present, the liquid radioactive waste 
has been pumped out into the Karachai 
inland sea, which is landlocked. Today 
this sea contains so much radioactivity 
that spending one hour on its shore will 
give a life-threatening radiation dose. 

There have been two large accidents 
at the Mayak plant in the past. In 1957 a 
storage tank containing radioactive 
waste exploded, and a large area had to 
be evacuated due to the fallout. In the 
West this incident was known as the 

Kyshtym accident. In 1967, parts of the 
Karachai dried out, and radioactive sedi
ments were spread about by the wind. 

The Institute is participating in a 
Norwegian expert group that is asses
sing the radioactive pollution around 
Mayak. In June 1994 a week of field-
work was undertaken in the Karachai 
area to collect environmental samples 
such as soil, sediments, plants and 
water. Other Norwegian participants 
were the Norwegian Radiation Protec
tion Authority and the Agricultural 
University of Norway. Over 500 sam
ples were brought back to Norway. 
The Institute has established a special 
laboratory where part of the analytical 
programme on these samples will be 
performed. 

Equipment for measuring Strontium-90. 
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External Publications and Lectures 1994 
In addition, 265 research and development reports 

were produced. 

The Halden Project 
FUEL-AND MATERIALS TECHNOLOGY 

Kolstad, E. 
Utilization ol in-core instrumentation at the Halden 
Project, Workshop on Core Surveillance Systems, 
Halden, 1994-04-26-04-27. 

Symons, W J . , Karlsen, T.M., Gunnerud, P. 
Materials degradation and activity transport 
studies at Halden. International Symposium on 
Activity Transport in Water Cooled Nuclear Power 
Reactors, Ottawa (Canada), 
1994-10- 24—10-26. 

Vitanza, C. 
Status and future trends ol the experimental 
programme at the Halden Project, SKI 
Conference on Reactor Salety Research. 
Stockholm, 1994-08-30—08-31. 

Wiesenack, W. 
Data for FUMEX: results from fuel behaviour 
studies at the OECD Halden Reactor Project for 
Model Validation and Development; IAEA 
Technical Committee Meeting on Water Reactor 
Fuel Element Modelling at High Burn-Up and its 
Experimental Support, Windermere (U.K.), 
1994-09-19-09-23. 

Wiesenack, W. 
Overview of fuel testing capabilities at the OECD 
Halden Reactor Project; Seminar on WWER 
Reactor Fuel Performance, Modelling and 
experimental Support, Varna (Bulgaria), 
1994-11-07—11-11. 

The Halden Project 
COMPUTERBASED PROCESS CONTROL AND 
INDUSTRIAL SURVEILANCE - AND CONTROL 
SYSTEMS 

Barmsnes, K. A., Jakobsen, 0., 
Johnsen, T., Randem, H. O. 
Developing graphics applications in an interactive 
environment: SCS Simulation Multiconference, 
San Diego. Calif., 1994-04-11-04-13. 

Berg, O., Bjorlo, T.J., Owre, F. 
Computer-based operator support systems; 
FLINS'94 International Workshop. Mol (Belgia), 
1994-09-14—09-16. 

Berg, 0., Porsmyr, J. , Ådlandsvik, K.-A. 
Core surveillance in WWERs; IAEA Specialists' 
Meeting on Instrumentation and Control of WWER 
Type Nuclear Power Plants, Rez near Prague 
(Tsjekkia), 1994-09-27-09-29. 

Berg, O., Porsmyr, J., Adlandsvik, K.-A. 
Experience from development and operation ol 
the core surveillance system; IAEA Specialists'. 
Meeting on Advanced Information Methods and 
Artificial Intelligence in NPP Control Rooms. 
Halden, 1994-09-13-09-15. 

Bye, A., Nilsen, S., Handelsby, F., Winsnes, T. 
COAST - Computerised Alarm System Toolbox; 
IFAC Workshop on Computer Software Structures 
Integrating AI/KBS Systems in Process Control. 
Lund. 1994-08-10-08-12. 

Dahll, G., Sivertsen, T. 
Halden Project activities on software 
dependability, FLINS'94 International Workshop. 
Mol (Belgia), 1994-09-14-09-16. 

Fanloni, P„ Mazzola, A. 
Applications ol autoassociative neural networks 
for signal validation in accident management, 
IAEA Specialists' Meeting on Advanced 
Information Methods and Artificial Intelligence in 
NPP Control Rooms, Halden, 
1994-09-13—09-15. 

Folleso, K., Fordestrommen, N., Haugset, K., 
Holmström, C. 
ISACS-1: a limited prototype of an advanced 
control roan. IAEA Specialists' Meeting on 
Advanced Information Methods and Artificial 
Intelligence in NPP Control Rooms, Halden. 
1994-09-13-09-15. 

Hogg, D. N., Folleso, K., Volden, F. S., 
Torralba, B. 
SACRI: a measure of situation awareness for use 
in the evaluation of nuclear power plant control 
room systems providing information about the 
current process state: IAEA Specialists' Meeting 
on Advanced Information Methods and Artificial 
Intelligence in NPP Control Rooms, Halden, 1994-
09-13-09-15 

Kiwan, B., Kårstad, M., Hauland, G., 
Folleso, K. 
See no evil, hear no evil, speak no evil, verbal 
protocol analysis, eye movement analysis, and 
nuclear power plant diagnosis: Annual 
Ergonomics Conference, Canterbury. (U.K). 
1995-04-04-O4-06. 

Lund, P. C , Shindo, Y., Nakashiki, N., Ohsumi, T. 
A simulation model and a thermodynamic 
database for the system sea water/liquid C 0 2 at 
large debths. - s. 827-834, Energy con-version 
management, Vol. 35, no. 10 (1994). 

Lund, Per Christer, Shindo, Y., Fujioka, Y., 
Komiyama, H. 
Study of the pseudo-steady-state kinetics of C0 2 

hydrate formation and stability. - s. 289-297. 
International journal of chemical kinetics. 
V o l . » (1994) 

Lund, P. C. 
The effect of C02-hydrates on deep ocean carbon 
dioxide deposition options: International 
Conference on Carbon Dioxide Removal. 2. 
Kyoto (Japan), 1994-10-25—10-27. 

Nes, J. van, Johansen, K., Ottesen, S., 
Skartsæterhagen, S., Tonnesen, S. E., 
Longva, P. 
Support systems for market based electric power 
trading: Vision Eureka. Energy for the Future, 
Lillehammer, 1994-06-14-06-16. 

Ness, E„ Teigen, J. 
Computerised operating procedures: American 
Nuclear Society. Annual Meeting, New Orleans, 
La, 1994-06-19-06-23. 

Pettersen, G. 
Retrofitting of NPP computer systems: FLINS'94 
International Workshop, Mol (Belgia), 
1994-09-14-09-16. 

Sivertsen. T. 
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