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Highlights The Institute for Energy Technology (IFE) has

consolidated its position as Norway's premier

national research centre for nuclear and energy

technology. When it comes to technological

development and industrial innovation, the

Institute's broad-based network of contacts with

leading R&D communities in industrial countri-

es the world over makes IFE an attractive part-

ner for industry and the authorities alike.

Nuclear technology accounts for more than half

the Institute's total activities. Petroleum tech-

nology makes up about 30 per cent of the

remainder, while activities related to alternative

energy resources and environmental technology

constitute about 15 per cent of IFE's overall

operations. The Institute turned in a strong pro-

fessional and financial performance once again

in 1997.

energy conservation in Norwegian industry. To

that end, in 1997, IFE continued implementation

of a large-scale project commissioned by the

Norwegian Water Resources and Energy

Administration on energy conservation in

Norwegian industry. IFE also participates in a

number of projects aimed at developing diffe-

rent IT systems for the process industry and for

the power supply system, including projects

related to new renewable energy resources. For

example, IFE is collaborating with Norwegian

industry to develop a new type of heat pump. A

special experimental facility has been set up at

the Institute especially for this purpose. In

collaboration with Elkem and with financial

support from the Research Council of Norway,

an experimental facility has also been set up to

develop reasonably priced thin film silicon for

solar cells.

IFE continues to pioneer new directions

through extensive experimental activities. The

Board believes that this is of the utmost impor-

tance, ensuring as it does that IFE's activities

reflect high professional standards and a high

level of technology, and promoting the Institute

as an attractive international partner. IFE's spe-

cialization in materials and information techno-

logy at Halden and in multiphase flow, corrosion

and tracer technology at Kjeller continues to

give the Institute a competitive edge in an

increasingly demanding market. Contract work

for international customers, mainly in connect-

ion with the Halden Project, but also for the oil

and IT industries as well as under EU program-

mes, accounted for some 40 per cent of the

Institute's 1997 revenues.

IFE plays an important role in Norway's nuclear

safety efforts in north-western Russia, particu-

larly on the Kola Peninsula.

KCSGQTCu Mainly comprising contract research, IFE's

(ICtlVltlCS Petroleum and Energy programme is still mark-

ed by changes in the market and in the general

terms and conditions the public sector provides

for research and development. After several

years of stagnation in this area, 1996 and 1997

have brought an increase in contract revenues

at Kjeller. The Institute continues to be a key

player in the authorities' endeavours to improve

The Institute further concentrated

its petroleum activities on rather

large-scale projects being imple-

mented in close co-operation with

oil companies and suppliers. Among

other things, 1997 marked the

launch of two new international

multiclient projects on multiphase

flow and corrosion technology. IFE

is also deeply involved in research

efforts aimed at increasing petro-

leum recovery rates at an accept-

able cost. In 1997, IFE continued to

develop methods that can be applied

in the field, along with realistic

models to indicate the location of

petroleum pockets in reservoirs

that have been injected

with oil or gas.



The experimental methods are based on tracer

technology as one of the components in an

integrated strategy for optimal well placement.

Combined with new drilling technology, a techno-

logical breakthrough in this area could potent-

ially increase recovery rates from a number of

fields by more than 20 per cent.

In the light of the exploratory drilling under-

taken on the V0ring Plateau off the west coast

of Norway and west of the Shetland Islands,

volcanic margins are becoming interesting in

terms of exploring for hydrocarbons. IFE's

efforts to describe and produce models of such

margins have met with exceptional success.

Using specially developed software, IFE

accurately predicted the results of the test

drilling conducted on the V0ring Plateau, where

gas was discovered in the summer of 1997.

As a result of long-standing collaboration with

Statoil's Metering and Technology Laboratory

(K-lab) at Karst0, an ambitious experimental

programme has been completed, greatly facilitat-

ing the development of new, more efficient flow

metering techniques based on computational

fluid dynamics. In 1997, a four-year co-operat-

ion agreement was signed with Statoil in the

field of natural gas technology. The agreement

paves the way for more broad-based collaborat-

ion, including the issues of fluids and multi-

phase flow modelling.

Mathematical modelling of production, trans-

port and process systems for the petroleum

industry forms the basis for the design of large-

scale simulators for training operators, and for

developing control and monitoring sys-

tems. In this area,

IFE co-operates

closely with Kongs-

berg Simrad a.s.

The new PUS (Powder Universal Spectrometer) in the
JEEP II research reactor

For example, IFE is taking part in the develop-

ment of a training simulator for the processing

plant for Troll B for Norsk Hydro. In 1997, IFE

began developing a new generation of simula-

tion tools in collaboration with Kongsberg

Simrad.

The Institute's basic research in physics com-

prises a key part of Norway's materials research,

involving a broad network of contacts with

Norwegian and international research commu-

nities. The international interest devoted to

IFE's basic research in physics is demonstrated,

inter alia, by the so-called Geilo Seminars

(NATO Advanced Study Seminars). Nobel laure-

ate Alex Muller was among the prominent parti-

cipants at the 25th anniversary seminar in 1997.

In 1997, the research reactor JEEP II equip-

ment and instrumentation were upgraded and

modernized. A new Powder Universal Spectro-

meter (PUS) came online in summer 1997. PUS

is designed to map the atomic structure of

various materials in powder state. The quality of

this instrument is on a par with the very best

currently available on the international market.

Neutron scattering is also used to study liquid

crystals and for determining the structures of

metal hydrides. In 1997, the Institute carried

out extensive research on the storage of hydro-

gen in metals and pure carbon, so-called carbon

black, with the view to industrial applications.

Calibration valve for
a fuel test rig, produced

the Halden workshop

The Halden Project's research programme

focuses on the safety and reliability of nuclear

power stations and other complex process

plants. International interest in the Project is

strong and growing. Following the entering of

Brazil in 1997, a total of 20 countries are now



participating in the Project. During 1997, IFE
has continued its active international efforts to
improve the safety at nuclear installations in
Russia and other countries in eastern and cen-
tral Europe. With financial support from the
Royal Norwegian Ministry of Foreign
Affairs, a number of measures
was implemented in 1997
to improve safety at
power plants on
the Kola
Peninsula.

Czech Republic

Norway

Rep. of
Korea

France

existing nuclear power stations. The reactor's
equipment and instrumentation make it ideal
for simulating the operating conditions prevai-
ling in different types of reactors. Processes
such as corrosion of fuel cladding materials,

crack propagation in irradiated materials
under the influence of additives

in the coolant water, and
the transport of

radioactive
materials

under a

Switzerland

Denmark

Hungary

Belgium I

Finland —|—

Russia

Germany

The Netherlands
In
conjunc-
tion with
the OECD
Nuclear Energy
Agency, the Czech ••;
Republic and Japan, a nucle- : •: :>
ar monitoring system developed by
IFE has been adapted and cleared for installati-
on in a Czech pressurized water reactor (WER)
in early 1998.

In 1997, the Halden reactor was used for
an extensive programme of expe-

rimentation, both as part of
the joint international

programme and for
bilateral contract
work. The main goal
is to improve safety
and reliability of

Remote
instrumentation of

used fuel rods

Sweden

Slovakia

United Kingdom
variety

of condi-
tions can

be studied.
Such studies on

the characteristics of
reactor fuel are aimed at

improving fuel reliability and effici-
ency, thus facilitating a significant reduction in
the amount of radioactive waste produced. In an
ongoing study, fuel of Russian origin is being
compared with modern western fuel, and the
results are being used to assess the safety of the
fuel used in the Russian type of pressurized water
reactors (VVERs).

The Halden Project's international interface
with leading technological research institutions
and companies gives IFE access to research re-
sults and technology that increasingly form the
basis for contract work for Norwegian industry.
The scope of these domestic activities has incre-
ased from generating revenues of NOK 38 milli-
on during the three-year period from 1988 to
1990, to some NOK 80 million from 1994 to 1996,



and to at least as much from 1997 to 1999. The

development and use of an advanced laboratory

for process control research in Halden is the ba-

sis of this work. The Institute intends to use its

advanced simulator-based control room HAMM-

LAB (Halden Man-Machine Laboratory) for a

number of projects aimed at developing and tes-

ting new decision, information and control sup-

port systems for the oil industry and

other process industries. To that end, a separate

laboratory was established to develop and

implement virtual reality technology in 1997.

In 1995, the Research Council of Norway con-

ducted a thorough assessment of the Halden

Project's utility value for Norway. The Research

Council's conclusions and recommendations

came out strongly in favour of the Project.

Particular emphasis was attached to the contri-

bution made by the Project to nuclear safety in

general, and to the Project's role in Norway's

nuclear preparedness programme. The

Research Council concluded that the Halden

Project has been a success and that it is one of

Norway's few substantial international research

programmes. The growing international interest

devoted to the Project was also highlighted,

along with the possibility it has to make direct

efforts to improve the safety of reactors in

eastern Europe. The Research Council found

that the Project clearly justifies the govern-

ment's allocations to fund it, and therefore

recommended that the Project be continued for

the current three-year period (1997 to 1999).

It is expected that the main conclusions of the

Research Council of Norway will form the basis

of that body's deliberations and decisions regar-

ding continuation of the Halden Project for the

next three-year period (2000 to 2002).

The international Board of Directors for the

Halden Project has appointed a separate ad hoc

committee to identify long-term technological

and safety-related trends and other factors to be

taken into account when planning programmes

under the Project in future. The committee's

report, to be submitted in spring 1998, will con-

stitute an important point of reference for the

consultations the Institute will be conducting

with participants in mid-1998, prior to setting •

up a new technical framework programme for

the period 2000 to 2002.

r- The Institute's extensive commitments to inter-

national research in the fields of reactor tech-

nology and information technology are primarily

- focused on the Halden Reactor Project. As

rtttlOll regards IFE's petroleum activities, international

co-operation is furthered by way of commissioned

research for domestic and international oil com-

panies. In 1997, IFE took part in approximately

25 projects under the EU's 4th Framework

Programme for Research and Development, as

well as several International Energy Agency

projects that focus on energy efficiency, new

renewable energy resources and energy systems

analyses.

One critical measure of the quality of IFE's

research work is that the results are in demand

on the international scene. This is particularly

true of basic research in physics. The 40th anni-

versary of co-operation between IFE and the

Institute of Nuclear Physics in Poland was

commemorated in 1997. This collaboration is

unique in terms of its continuity and the know-

ledge dividends it has engendered, resulting in

about 90 articles published in international

scientific journals.

Results The Institute's research activities yielded quite

impressive results in 1997 in the form of

successful research projects, new products and

systems, and new technological solutions for a

variety of applications. During the year, IFE

scientists published 35 articles in peer-reviewed

international journals, and delivered 140 papers

at conferences that published proceedings. In

addition, roughly 250 reports were produced for

customers.

The Board considers it essential that the

Institute's professional results be translated

into practice and commercialized. In this con-

text, the most important return generated by

IFE's activities is the added value passed on to

our customers' own companies and enterprises

through the goal-oriented application of the

Institute's research results. There has also been

substantial growth in commercial returns

through licencing arrangements for IFE pro-

ducts and the establishment of new companies,

not least in the field of petroleum technology,

including multiphase flow technology, simulator

development and reservoir mapping. In 1997, a

licence was sold to Scandpower A/S for the

development of a simulator for gridding multi-

flexible wells in oil reservoirs.



The Institute's tracer technology has received

national and international recognition. Several

tracer methods developed by IFE have been

adopted by US, Canadian and British oil com-

panies as standard methods for undertaking

technical surveys of reservoirs. In 1997, the

Institute carried out a series of field projects in

the North Sea in which tracers were used to

follow the path of water and gas currents

through the reservoirs. Tracers have also been

used to monitor process progress in connection

with the injection of chemicals to block highly

permeable zones. In addition, a major onshore

project was implemented in the Netherlands to

determine what would be required in order to

store gas in depleted gas reservoirs.

Health, The Board attaches high priority to safety and

Sdfcty the environment in all the Institute's spheres of

(Hid th<B responsibility. Some of IFE's nuclear-related

l- activities are unique in Norway, and they occasi-

ffient onally generate media attention. As a result, the

Institute sets great store by maintaining open

lines of communication with the press and

providing adequate information to the public.

IFE's nuclear-related activities at Kjeller are

based and relies on the operation of the JEEP II

research reactor. Operations in 1997 have been

characterized by high levels of accessibility and

operational reliability. The facility's technical

and safety standards are sustained through

Quality
control of
radiopharma-
ceuticals

well-planned maintenance and improvement

efforts.

The Isotope Laboratories control and distribute

all radiopharmaceuticals used in Norway. The

control function covers pharmaceutical and

radiation protection control procedures for

nuclear medicines, and comprise an important

part of the total quality assurance programmes

for patient examinations. On behalf of the

Norwegian Board of Health and the Norwegian

Radiation Protection Authority, the Isotope

Laboratories maintain an overview of the use of

radiopharmaceuticals in Norway. The Institute

is currently involved in a comprehensive

restructuring process as regards these activities.

As a result of the EEA agreement, the whole

framework for trading and controlling radio-

pharmaceuticals must be changed. The Ministry

of Health and Social Affairs has not handed

down any final decision on this issue as yet, but

the Institute expects an acceptable new scheme

to be established in 1998.

The reactor facility at Halden is subject to

control and verification procedures as laid down

by the Norwegian authorities. As supporting

documentation for its operating permit during

the current term, the reactor vessel and primary

system were inspected and pressure tested in

summer 1994. Independent analyses were

carried out on the reactor vessel's material

properties by experts from Norway and abroad.

The results have been documented by Det

norske Veritas, which has concluded that no

conditions existed which would be likely to

jeopardize the safety of the reactor vessel. In

autumn 1997, Veritas undertook a new

inspection of the primary system, arriving at a

satisfactory result. The reactor is also subjected

to continuous, systematic upgrading and main-

tenance in order to satisfy the high safety

standards that apply to the facility. Great

importance is attached to reducing radiation

doses and using components that require as

little maintenance as possible.

Under Norwegian law, the operation of IFE's

nuclear facilities at Kjeller and Halden is

subject to licensing. The current permit expires

on 31 December 1999. An application to extend

the licence for operations until 2010 was

submitted to the authorities in July 1997.

Processing is expected to take about two years,

meaning the issue of licence renewal should be

clarified in summer 1999.



In 1994, the Norwegian parliament decided to

build a combined storage and repository for low

and medium-level radioactive waste in

Himdalen, in the Aurskog/Mand municipality.

Nearly finished, the facility is scheduled to open

in summer 1998. Pursuant to parliamentary

resolution, the Institute will be in charge of

operating the facility, and for transferring all

low and medium-level waste from Kjeller to

Himdalen.

There were no breaches of safety or security at

any of the Institute's facilities in 1997. The

technical standard of the installations is high,

and a regular programme of prophylactic main-

tenance and modifications is carried out at the

respective facilities. Routine emissions of

radioactive air and water pollution from IFE's

facilities in 1997, were far below the levels allo-

wed by the authorities. None of the IFE staff

received accumulated radiation doses in the

1997 that exceeded the recommended levels for

occupational hygiene.

The Institute health service registered no

serious job-related accidents or personal

injuries in 1997. Absence due to illness came to

4.1 per cent at Kjeller and 3.1 per cent at

Halden in 1997, compared with 3.6 per cent and

3.2 per cent respectively in 1996.

FifKlTlci&l The Institute's total income for 1997 came to

MghUghtS MNOK 379.3, of which MNOK I8O.5 was

and generated by activities at Kjeller, and MNOK

personnel 198.8 by activities at Halden. The accounts

indicate a surplus of MNOK 14.2 for the year.

At 31 December 1997, IFE had a total of 572

employees, compared with 573 a year earlier. Of

staff members, 204 had university or college

educations, including 43 with doctorates.

Among the research staff, 34 employees left in

1997, while 33 new people joined the IFE family.

A total of 42 foreign guest scientists visited IFE

for shorter or longer periods of time in 1997,

while 9 of the Institute's researchers had

lengthy stays abroad during the year.

The entrance to the combined storage
and repository for radioactive waste in
Himdalen during construction
- summer 1997.



Income, IFE
1991-97 (NOK million)

£ Government grants

^ Contracts and other operating
income

191 ^1992 1993 1994

Income, IFE Halden
1990-97 (NOK million)

0 Total

9 Government grants

W Contributions from
international partners

Personnel
1989-97

Q Academic

.! Engineers

^ ) Administrative

^f t Other technical



Prof it and loss accou nt
(UINOKIQOO)

OPERATING INCOME

Earned income '

Government grants i)

Contributions from foreign participants in the Halden Project

Steam income

Other operating income

TOTAL OPERATING INCOME

OPERATING EXPENSES

Wages, salaries and social security expenses

Direct project costs . :

Other operating expenses : 3)

Depreciation 4)

Baddebts 5)

TOTAL OPERATING EXPENSES

OPERATING PROFIT:

377 897

7 749

FINANCIAL ITEMS

Financial income

Financial expenses :

NET FINANCIAL PROFIT

PROFIT FOR THE YEAR

ALLOCATION OF PROFIT FOR THE YEAR

-Environmental Technology Fund

- General reserve:

TOTAL ALLOCATIONS



Balance sheet at
31december 1997

ASSETS

Current assets
Cash and bank deposits

Bank accounts for special energy

conservation programmes

Accounts receivable 5)

Projects in progress 6)

Other receivables

Stock-in-hand 7)

Fixed assets 4)
Machinery, instruments,

fittings, etc.

Laboratories and office buildings

JEEP II reactor

Land

Uranium and deuterium

Loan to IFE's Boligselskap A/S

Shares 8)

TOTAL ASSETS

LIABILITIES AND EQUITY

Short-term liabilities

Withholding tax,

social security contributions,

pensions and holiday pay

Accounts payable

Payments on account

Other liabilities 9)

Equity
Investment fund, JEEP II

Anniversary Fund 2)

Environmental Technology Fund

General reserve

TOTAL LIABILITIES AND EQUITY

Arve Johnsen
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4 000

1000

152 473 159 090

271 239

31 December 1997
Kjeller, 1 3 M a r c h 1 9 9 8

Anna Inger Eide John B. Rekstad
Vice Chairman (Sign)

(Sign)

Gerd Halm0 Bj0rg Andresen
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117 822

2 305

47 221

2 210

2 354

1 143

19 330

10 966

2 736
7 470

26 800

3 090

150

37 366

23 488

34 707

3186

1617

143 233

173 056

70 541

243598

98 747

144 851

243 598

Trond T. Olsen
(Sign)

Kjell Bendiksen
Managing Director

(Sign)



Notes to 1997 accounts

In 1997, [FE's government grants were as follows:

Joint programme in Halden *)
earmarked grant
basic grant

Strategic Institute programmes, Halden
Petroleum and energy research, Kjeller

basic grant
Strategic Institute programmes

MNOK 25.0
MNOK 4.5

MNOK 4.5
MNOK 15.5

MNOK 29.5

MNOK 2.2
MNOK 20.0

Nuclear activities, Kjeller MNOK 37.8
Waste storage at Himdalon .tyNOK 2.0

MNOK91.5

*) Norway's share of the Joint Programme in Halden came to MNOK 33. To supplement the government grant, MNOK 3.5 was financed by funds
the Institute earned on bilateral contracts.

2. In 1997, the Board allocated MNOK 4 from distributable reserves to an anniversary fund to cover the cost of celebrating IFE's 50th anniversarj' in 1998.

3. Other operating expenses include rent, the maintenance and operation of buildings and grounds, transport, security services, office expenses, in-house
print shop, join computer services, human resources development, etc.

4. Fixed assets (NOK 1000)

Value Acquisitions Disposals Depreciation Value Depreciation
Han. 97 in 1997 in 1997 in 1997 3.ir>ec.97 rate*)

Machinery, instruments,.
fittings, etc 19.330 7.952 - 6.820 20.461 25SS
Lab. and office buildings 10.966 1.183 - 36S 11.781 2-5%
Jeep II reactor 2.736 517 - 130 3.123 4%
Land 7.470 - - - 7.470
Uranium and deuterium 26.800 375 H5 27.030

""67.362 10.026 - 7.463

*) The diminishing balance method of depreciation has been applied to operations at Kjeller, while acquisitions were charged directly against operating
profits at Halden. Uranium and deuterium were written down to their estimated market value.

Acquisitions/disposals over the past 5 years:
Acquisitions
Machinery, instruments, fittings, etc.
Lab. and office buildings
JEEP I) reactor
Uranium and deuterium

Disposals
Uranium and deuterium

1993

4.933
-

441

1994

8.810
-

2.287
780

1995

6.804

243
2.100

56

1996

7.258
893
.

12

1997

7.962
1.183

517
375

No bad debts were recorded in 1997. The provision for bad debts remains unchanged at MNOK 0.5.

Projects in progress refer to work that has been performed, but not invoiced. Accrued hours are evaluated against invoicing rates, and direct project costs
are evaluated against acquisition costs. Agreed budgetary frameworks and professional progress are also taken into account.

The value of stock-in-trade is stated at acquisition cost.

Shares
Company

IFE's BoligselskapA/S
IsopharmaAS
MultiflowA/S
InstidataA/S
Campus Kjeller A/S
Hand-El Skandinavia AS '

Company's
share capital

50000
100000
50000

100 000
100 000
65 800

No. of shares
owned by IFE

50
50

250
150
100

50 000

Nominal value
per share

1000
1000

100
100
100

0.05
Total book value

Balance sheet
value

50 000
60 000
25 000
15 000
10 000
2 500

152 500

9. The item 'Other liabilities' includes MNOK 4.S in energy conversation programme funds.



Statement of the source
and application of funds
J i / y I (inNOKlOOO)

Source of funds:

Total generated from operations

Depreciation

Disposal of fixed assets

Loan to IFEs Boligselskap A/S paid off

Total (A)

fiiilfe:

Iff ;890

13 716

7 369

12

21097

Application of funds:

Investments

Share acquisitions

Total

Increase/decrease in working capital

Change in working capital:

Change in liquid assets

Change in short-term receivables

Change in stocks

Change in current liabilities

Increase/decrease in working capital

(B)

(A-B)

10 026

3

10 029

: ; | l 2 5 6 4 ,;•

20 510

5 527

-72

-13 401

12 564

8151

50

8 201

' 12 896

-1710

15 468

28

-890

12 896

Report from the Office of the
Auditor General for 1997
We have audited the 1997 accounts of the Institute of Energy Technology (IFE), which show a profit for the year of NOK 14,239,687. The annual report and accounts,

which comprise the annual report proper, the profit and loss account, the balance sheet and the notes to the accounts, are presented by the foundations' Board of Directors.

Our responsibility is to examine the foundation's annual report and accounts, its accounting records and other related matters. We have conducted our audit in accor-

dance with the prevailing laws and regulations, and generally accepted auditing standards. We have performed such auditing procedures as we have considered necessa-

ry to confirm that the annual report and accounts contain no material misstatements or omissions. We have examined selected elements of the evidence supporting the

accounts and assessed the accounting principles applied, the estimates made by management, and the content and presentation of the annual report and accounts. To

the extent required by generally accepted auditing standards, we have reviewed the foundation's assets management and internal controls.

In our opinion, the annual report and accounts have been prepared in accordance with the Act related to Accounting and Foundations, the regulations and the foundati-

on's Articles of Association, and present a true and fair view of the foundation's financial position at 31 December 1997, and of the result of its financial operations for

the fiscal year, in accordance with generally accepted accounting principles.

Gro Hansen

Assistant Deputy Director

(Sign)

Office of the Auditor General

Oslo, 26 March 1998

By authority

Morten Brathen

General Senior Auditor

(Sign)



Petroleum-
Technology

Most oil companies are using tracer-based

methods increasingly to analyze processes and

flow currents/communications in oil and gas

reservoirs. In February 1997, on completion of

the IFE Tracer Research Co-operation (ITRC)

which included the following oil companies:

Amerada Hess, BP, Conoco, Mobil, Petrobras,

Phillips, Saga and Statoil, IFE organized a semi-

nar entitled "Tracer Application in Reservoir

Technology", attracting 50 participants from the

global oil community. In addition to four papers

delivered by IFE's own tracer experts, the semi-

nar featured two other top people in the field:

one from the University of Texas and the other

from the University of Newcastle. IFE has

received considerable praise for its progress in

this field in recent decades, and is currently

recognized as being among the world leaders in

tracer technology.

Several of the tracer methods developed under

the auspices of ITRC and using passive tracers

are currently in use as standard reservoir tech-

nology methods not only by IFE, but also by

British, Canadian and US service companies,

among others. A new programme will be set up

in 1998 on the basis of the knowledge generated

by ITRC. Under it, the possibility of using

partitioning tracers will be examined to locate

remaining oil in reservoirs and determine the

size of the deposits.

In 1997, several field projects were carried out

Tracers
in reservoir
investi-
gations

in the North Sea using tracers to analyze water

and gas flow patterns in the reservoirs. Tracers

have also been used to monitor and follow up

the injection of the chemicals that produce the

foam used to shut off high-permeability zones.

IFE has carried out an onshore field project in

Groningen for the Nederlandsee Aardolie

Matschappij B.V., NAM (a jointly owned subsidi-

ary of Shell and Esso). There, depleted gas re-

servoirs are being used to store newly injected

gas produced in the North Sea, among other

Ultra-sensitive analyses of non-radioactive fluorinated gas
and water tracers using gas chromatography attached to a
mass spectrometer featuring negative chemical ionization
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places. The project examined gas flow patterns

and the blending of ground gas and injected

gas, in addition to addressing breakthrough

times between injection and production wells.

The project has given the Dutch company valu-

able new information about processes and tech-

nical conditions in their reservoirs.

Petroleum Optimizing production strategies for oil and gas

fields calls for accurate information about the

structures of the reservoirs, and details about

the properties and distribution of the fluid

phases. In connection with a reservoir

geochemistry project financed by Elf Petroleum

Norge, IFE has been asked to survey fluid

communication in clastic sandstone reservoirs.

Analyses of residual pore salts have resulted in

extremely detailed information about the

chemical composition of interstitial water, and

additional information has been gathered by

studying "Sr/^Sr and the anion ratios Br/Cl and

I/Cl.

All data generated by the project have been

consolidated into a comprehensive database,

and are being used to develop an integrated

reservoir model that takes particular account of

the description of the fluid network. The

integration of this extensive data network has

led to the location of important barriers, and to

the realization that the Fr0y and Rind reservoirs

consist of several separate compartments with

poor internal communication as oil fills into the

reservoir. This situation is expected to cause

problems when the oil is produced, unless the

precise locations of the barriers have been

identified.

Isotope
composition

as an
environ-
mental
impact

indicator

Figur 1

Figur2

Naturally occurring isotopes of elements such

as carbon (C), nitrogen (N), sulphur (S),

strontium (Sr) and lead (Pb) can provide

crucial information about environmental issues

by helping to track down the sources of water

and air pollution. The identification of trans-

port routes and monitoring of ongoing processes

and, not least, the capability to use historical

data to distinguish anthropogenic effects from

naturally occurring 'background noise', open

whole new vistas compared with conventional

environmental analyses which largely focus on

pollutant concentration levels.

By way of laser excitation and carbon isotope

techniques, a method has been developed to

investigate the effects of acid precipitation and

weathering on hewn stone. The method lets

scientists determine the extent of weathering at

an early stage, enabling them to implement

conservation measures such as preservation

techniques to curtail the decomposition

process. The method also allows scientists to

assess the effects of their own conservation

efforts and to follow up on any further

weathering.

IFE's expertise in isotope geology has also been

applied to establish fundamental geological

documentation for petroglyphs (rock carvings).

The purpose is to learn more about the pollu-

tants that affect the petroglyphs and then to

institute measures to retard decomposition.

Strontium isotopes have been employed for

testing a petroglyph field in the Oslo area to

determine the scope of the adverse effects on

cultural artefacts of the salt used to melt ice on

slippery winter roads in Norway.

The use of lead isotopes makes it possible to tell

whether lead pollutants come from petrol, coal-

fired power plants or wood-burning stoves in

private homes. Analyses of air filters from the

Oslo area in the early 1990s indicated that the

reduction in ambient lead is due to the transi-

tion to unleaded petrol, as well as to reduced

emissions from coal-fired power plants in

Europe. These analyses have also provided

valuable information about local and long-

distance sources of pollution.

Mineral cementation of a fracture in a
reservoir core sample that has recorded
different temporal events through
fluid flow in the crack. Represented
here by barite (grey) and dolomite in
microscope image 1 and by different
carbonate zones in image 2



The OLGA multiphase model is now an industry

standard for the dynamic simulation of multi-

phase flow transport pipelines. Over the years,

Norsk Hydro, Saga Petroleum and Statoil have

made considerable R&D investments in this

area. A new version, OLGA 2000, is now ready.

The physical models have been improved, and

the new version includes an option that facilita-

tes multi-component simulations. Scandpower

AS will begin marketing OLGA 2000 in mid-

1998.

IFE has developed novel computational software

to handle three-phase flows. Commissioned by

Statoil, PeTra is particularly well suited for

simulating slug flow and for monitoring discon-

tinuities such as pigs and gas/liquid fronts in

pipelines.

Transporting the produced water together with

oil and gas causes problems such as corrosion,

emulsions, hydrates and 'scale'. In 1997, a two-

year study of three-phase flow was initiated as a

collaboration among seven oil companies and

two engineering firms. The results will be appli-

ed to improving the physical description of

three-phase flows in the OLGA 2000 model.

Test circuit
forcorrosi-
on studies
under parti-
cularly
virulent
conditions
(CO2, H2S,
high tem-
peratures)

Oil-gas pipelines generally have to transport

relatively complex fluids such as waxy oils,

oil/water emulsions and hydrate mixtures.

These behave in a completely different manner

to the "ideal" oil on which the computer models

are based. IFE's continued efforts within the

field of predicting the behaviour of complex

liquids in multiphase flow are governed by field

specifics needs, and must be seen in close

connection with future improvements of OLGA.

The offshore industry's need for most compact

gas metering stations has focused attention on

the design and implementation of flow conditio-

ners. Statoil's Metering and Gas Technology

Laboratory at Karst0, K-Lab, commissioned IFE

to carry out a substantial programme of experi-

mentation that has contributed to the new,

improved flow conditioners available on the

market today.

Oil-gas pipelines made of carbon steel are

vulnerable to the corrosive mixtures of water,

CO2 and H2S co-produced with the hydro-

carbons. Such corrosion problems can often be

solved by using stainless steel pipelines,

although this solution tends to increase

development costs significantly. It is

Testing
corrosion
inhibitors



essential to have reliable corrosion models to

improve the decision support data used to

select materials.

In collaboration with Saga, Statoil and Norsk

Hydro, IFE helped develop a new corrosion

prediction model. The model will be included in

the NORSOK standard for CO2corrosion predic-

tion. The data for the model are generated by

experiments conducted in IFE's laboratory.

Moreover, a large project running parallel to the

IFE experiments is aimed at developing an

entirely new model for CO2 corrosion on carbon

steel. The project builds on mathematical

modelling of the fundamental electro-chemical

and mass transport controlled reactions.

Special chemical additives, so-called corrosion

inhibitors, are added to the fluid flow to reduce

carbon steel corrosion. The effect of the chemi-

cals depends on the water chemistry, the grade

of steel and flow conditions. 1997 marked the

start of a new project aimed at improving the

test methods used to select corrosion inhibitors

for use in multiphase flows. The project is being

financed by a consortium of seven oil

companies, one inhibitor supply company and

the Research Council of Norway.

The landing station for Troll gas at Kollsness

has been troubled by problems due to the

deposit of corrosion products from the pipeline

on the inside of the process equipment at the

onshore processing plant. The Institute

suggested adding sodium hydroxide to the Troll

pipeline; this alleviated the problem completely,

saving millions of NOK in maintenance costs.

The method was first exploited by Elf, and

subsequently developed further by IFE in

collaboration with several operator companies

and the Research Council of Norway.

The metallurgical industry. The production of aluminium

Process simulation

In the petroleum sector, IFE expanded its

relations with Kongsberg Simrad in 1997 with

the development of a new system for designing

training and engineering simulators. IFE has

also supplied simulators for the Troll B (Statoil)

and CURLEW (Shell) platforms to Kongsberg

Simrad.

Spring 1997 marked the start of a three-year

strategic institute programme to develop the

methods and expertise needed to make a 'field

simulator', that is, a tool for simulating and

optimizing petroleum production, covering the

entire upstream chain from reservoir to

refining.

On assignment for Saga and Conoco, IFE has

examined the possibilities for establishing a

dynamic link between the reservoir model

ECLIPSE and the flow model OLGA. Having the

chance to simulate the reservoir/well combi-

nation would be of particular importance for

reservoirs with high-permeability zones, given

the transient conditions that can occur in

connection with starting up and shutting down

fields. The results to date look exceptionally

promising.

In co-operation with Elkem, in 1997, IFE

developed a monitoring system for ferromanga-

nese furnace linings. As burning a hole in the

pot could have serious financial implications, an

early warning system would be invaluable. The

system is based on the implementation of IR

technology to detect abnormally hot areas on

the outside of the furnace. The Institute has

been responsible for supplying the signalling

and alarm system. IFE is also working on the

further development of mathematical calcula-

tion models for electrodes for Elkem.

fi.



For the Norwegian Electricity Federation

(EnFo), and in collaboration with IGP

Energidata, the Institute has studied different

mathematical methods for modelling power

price trends on the spot market. Based on

historical data on reservoir capacity, weather

conditions, prices, and so on, IFE tested diffe-

rent types of models that might be appropriate

for calculating price prognoses and studying

price responses under a variety of conditions.

Efforts are also being invested in developing a

model to analyze magneto-hydrodynamic stabi-

lity in aluminium electrolysis furnaces. Several

important results now indicate that it should be

possible to analyze stability based on the IFE

model. IFE has shown that the model is able to

calculate the stability of eigenmodes, taking

into account the full electromagnetic interaction.

The next step will focus on implementing a rea-

listic furnace geometry. Once this new model is

in place, a full-scale stability analysis of an

electrolysis furnace can be conducted.

In the area of materials modelling, activities

related to aluminium welding have been step-

ped up. IFE is carrying out a project in this field

for the Hydro Raufoss Automotive Research

Centre (ARC), mainly in connection with the

PROSMAT project, Aluminium Structures in the

Transport Industry, but also for the Aluminium

in Ships project. In conjunction with experi-

ments performed at ARC, calculations have

been made to model temperatures, microstruc-

tures, hardness, deformations and stresses.

These efforts have added to researchers' under-

standing of how welding procedures and geo-

metries affect the complex welded frameworks

of extruded structures. Together with Norsk

Hydro, IFE has initiated experiments aimed at

measuring the mechanical properties of various

aluminium alloys under conditions similar to

those to which the material is exposed during

welding. This is done to enhance the precision

of welding process simulation, as well as to

increase man's knowledge about the relation-

ship between thermal factors, mechanical

strength and deformation/ residual stress in

welded structures.

In a project for the Nordisk Jernkontor, the

STEELTEMP model has been expanded to in-

corporate routines that calculate the materials

data that apply to phase transitions during steel

rolling and cooling.

The STEELTEMP-IIIA model has been develo-

ped to study the skid marks resulting from the

shadowing phenomenon that occurs when steel

ingots are heated. This system, which produces

3-dimensional temperature calculations, facili-

tates post-heating of cold spots, boosting the

quality of the end product from the rolling

mills.

*«.
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Energy systems and
energy efficiency
IFE is involved in numerous projects in the area

of renewable energy resources, such as wind

power and solar cell technology. The interest in

wind power is increasing in Norway, as eviden-

ced by the 12 new wind power projects accepted

by IPE in 1997. Measurement poles 50 m high

have been erected and fitted with instruments

for measuring wind velocity and direction at

various heights. The data are transferred to

Kjeller by mobile phone. Several software

programs take weather data from various

meteorological stations and compute average

wind forces and anticipated annual production

at all potential wind farm sites.

Working together with Elkem's Silicon Division,

IFE has set up an experimental facility to grow

'thin film' on silicon substrates using liquid

phase epitaxis. The object is to manufacture

highly efficient solar cells in which 90 per cent

of the materials have been replaced by cheap

silicon. IFE is also participating in a large EU

project in the same field.

Energy systems analysis, based on the MARKAL

model, is aimed at issues related to cost and the

choice of technology to achieve specific goals,

for example, when attempting .to meet reduction

targets for environmentally harmful gas emissi-

ons. MARKAL is also used to analyze the role of

special technologies and their introduction into

the energy system (for example, fuel cells).

IFE is part of a government-appointed energy

committee mandated to examine energy

balances for Norway in the run-up to the year

2020. The MARKAL model is used here to

simulate the consequences of various develop-

ment scenarios. One potential growth area

would involve using the model for local energy

planning to achieve explicit goals. Climate-

related goals have been in focus recently.

As regards energy conservation by industry,

collaboration has been established with Statoil,

Sabroe Kulde, Alfa-Laval and Atlas Stord, among

others, to develop a new type of heat pump. It

will be based on a combination of absorption

and compression technology that generates

advantages when temperatures rise significant-

ly, a factor that could be of importance in

relation to waste heat from industry. A complete

testing facility has been built at Kjeller to verify

Test rig for the development of heat transformer- and
heat pump technology

The production of solar cells. Growing thin film silicon

the principle involved and to gain practical

experience of the technology.

The Norwegian Water Resources and Energy

Administration (NVE) has commissioned IFE to

run the "Trade network for energy consumption

among Norwegian industries" (BN). Thirteen

trade organizations and 550 Norwegian compa-

nies are taking part in the programme. Based on

specific energy consumption figures since 1989

when BN began, benchmarking has been a core

activity. In addition, efforts are being invested

in information, technical studies, trade-related

studies, advice on energy management and

technical support.



Spent reactor fuel and samples of radioactive

materials are analyzed in special laboratories at

Kjeller. In 1997, several major post-irradiation

investigations were carried out either as con-

tract work on bilateral basis for members of the

Halden Project, or as projects under the auspi-

ces of the Halden Project's joint programme.

The largest project in the history of the

materials laboratory, was concluded in 1997.

The job involved system follow-up of fuel for

PNC of Japan, and required most of the

scientific methods used by the laboratory,

including dimension measurements, activity

profiles (gamma scanning), visual inspection,

fission gas analysis, metallography and ceramo-

graphy, mechanical testing and chemical

analyses of cladding materials. The project

called for a total of about 20 different physical,

chemical and materials technology tests.

Another technically demanding project has

been the characterisation and preparation of

previously irradiated fuel for a dry-out experi-

ment in the Halden reactor. The first batch, a

total of three fuel rods, has already been retur-

ned to Kjeller and an extensive examination of

the fuel and cladding material has been carried

out. Altogether, more than 10 different post-

irradiation projects were carried out in 1997,

covering a total of about 30 fuel rods.

The instrumentation and re-fabrication of

irradiated fuel is vital to research on nuclear

safety, increased combustion and longer fuel rod

lifetimes. Spent fuel rods originating from

commercial reactors abroad are equipped with

instruments developed by IFE to measure fuel

temperature, the generation of fission gases,

and dimentional changes. Following instrumen-

tation at Kjeller, the re-fabricated fuel rods are

transferred to Halden for further irradiation in

the reactor. In 1997, IFE completed the

instrumentation of a total of 12 fuel rodsfor

General Electric, and 12 fuel rods for other

clients.

In 1997, a remote-controlled milling machine

was installed in the radiation-proof cells. The

new machine makes it possible to produce

radioactive test rods, fracture mechanics sam-

ples, etc. A new fire detection system has been

installed and covers the entire laboratory. A sen-

tral vacuum-cleaner system covering all the

Shielded concrete cells for examination and processing of
spent fuel and other radioactive materials

concrete cells has been installed and put into

operation.

IFE's work load and capacity in electron beam

(EB) welding are among the largest in the

Nordic countries. The Institute's three EB

machines are used to cover its own needs for

welding fuel rods, nuclear fuel instruments and

experimental equipment. Product development

and production welding assignments for

Norwegian and foreign companies account for

more than 75 per cent of all orders. Aircraft and

spacecraft components in steel, titanium and

aluminium are among the high-precision

products the Institute welds for Raufoss, the

Kongsberg Group, Norsk Jetmotor and the Royal

Norwegian Air Force. Another important group

of products includes hydraulic valves (HTS

Maskinteknikk/Kongsberg Offshore) and

pressure censors (Read Matre Instruments) for

subsea production systems.

A satellite
component
electron
beam welded.
Here, getting a
cold treatment
by being
submerged
at-150°Cto
test it out for
outer space



The Jeep II reactor
Most of the nuclear-related work at Kjeller is

based on the JEEP II research reactor, the

operation of which is a prerequisite for Kjeller's

activities. The work includes basic research in

physics, the production of radiopharmaceuti-

cals, the irradiation of materials for various

technical applications, neutron radiography,

activation analyses and silicon doping.

The reactor maintained a high degree of

accessibility in 1997, and there were few

interruptions to operations. Technical and

safety standards were maintained thanks to a

well-planned programme of maintenance and

improvement work.

Irradiation
technology

Neutron beams from JEEP II are used for

making radioactive isotopes for medical

applications and radiochemicals. The beams

are also used to produce radioactive tracers

and radiation sources for industrial and

research purposes.

In addition, neutrons are used to irradiate

ultrapure silicon crystals. Through neutron

doping, the irradiated crystals get an evenly

distributed content of phosphorus atoms,

optimizing the electrical conductivity. IFE's

current activities in this field meet about 10

per cent of global market demand.

The Institute's gamma irradiation facility is

based on ionizing radiation produced by radio-

active cobalt (60Co). Irradiation is used to

reduce the bacterial content in certain

products, and to sterilize disposable medical

equipment and for certain technical

applications. The users of these irradiation

services include the food industry, the plastics

industry and manufacturers of disposable

medical equipment and packaging. However,

the most important product group is spices and

other taste-enhancers for the food industry.

Altogether, nearly 400 tonnes of such products

were treated in 1997.

Control room.
The JEEP II reactor
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Basic research in
physics
Materials science is developing rapidly on the

international arena, and all major industrial

countries have comprehensive materials science

research programmes. A number of important

properties of materials can only be studied with

the aid of neutron scattering. For example,

neutrons are considerably more sensitive than

X-rays for examining lightweight atoms such as

hydrogen and carbon, meaning they lend them-

selves to studies of hydrocarbons and biological

materials. In addition, neutrons are magnetic.

This means they can sense and convey

information about any magnetic atoms that

might be in a sample. The use of neutrons in

materials research is steadily increasing at the

international level, involving about 3500

researchers in Europe alone.

Hy(lrO[J€Tl Hydrogen is considered to be one of the most

III important energy carriers, especially in relation

to renewable energy. Although it requires some

energy to produce, hydrogen is the only fuel that

does not pollute the environment. The dis-

"d"Wiges are the element's low specific gravity

and volatility. One way to ensure safe,

effective stoi age is to let hydrogen

be absoibed by appropriate

metals under pressure to

form metal hydrides.

The hydrogen can

I subsequently be re-

& leased by heating.

For some of these

metals, the density of the

hydrogen in metal hydrides

can actually be higher than

that in pure liquid hy-

drogen. This is

because hydro-

•̂  gen atoms are

so small and light that

they fit into the spaces between the metal atoms.

In contrast to X-rays and electron beams, neu-

trons can detect light and heavy atoms more or

less equally efficiently. Accordingly, neutron

scattering is a unique tool for determining the

structure of metal hydrides.

Complex Many everyday processes such as the weather,

prOC€SS6S — traffic patterns, the stock market and the like

CL Scientific are extremely complex. It is not possible to

Challenge understand such systems by studying one small

part of them, then extrapolating how the entire

system will behave. This is because the indivi-

dual parts of a whole work together differently

when there are many of them. In other words,

the whole is more than the sum of its parts. This

is the origin of the slogan 'more is different'

used in physics.

IFE's Physics Department has used neutron

beams from JEEP II to study liquid crystals as a

simple model system to understand complex

processes. A liquid crystal of the kind used in

the screens of laptop computers consists of

rod-shaped molecules whose direction can

fluctuate over time in just about the same way

as a wheat field undulates in the wind. Neutron

beams passing through such a liquid crystal will

also fluctuate in time, reflecting the movements

of the crystal's molecules. The results indicate a

complex behaviour and have brought us a tiny

step closer to gaining a better understanding of

these phenomena.

Fluctuations in neutron
scattering from a liquid
crystal (above) due to
disorder in the alignment
of the molecules (right)

Yellow indicates
the position of

hydrogen in a
zirconium/iron alloy



The Institute's basic research in physics consti-
tutes an important part of Norway's materials
research, involving a far-reaching network of
contacts with other research communities in
Norway and abroad. The international interest
shown in IFE's basic research in physics is evi-
denced not least by the guest lists for the so-
called Geilo seminars (NATO Advanced Study
Institute). More than 100 prominent physicists,
led by Nobel laureate Alex Mtiller, took part in
the 25th anniversary seminar in spring 1997.

Through collaboration with the Institute of
Nuclear Physics in Krakow, Poland, neutron
scattering using the Time of Flight (TOF)
instrumentation at JEEP II has been used to
study molecular crystalline compounds con-
taining NHs units. The object of these experi-
ments has been to find indications that NEs
dynamics (rotations and tunnelling) play a role
in phase transitions in such materials. This col-
laboration has also embraced researchers from
the Frank Laboratory of Neutron Physics at
JINRin Dubna, Russia. Having determined the
behaviour of the substance using TOF at IFE a
particularly interesting series of measurements
were repeated on the time-of-flight spectro-
meter NERA, using the IBR2 neutron source at
Dubna to get detailed data about the dynamics
of the substance.

Forty years of scientific collaboration between
the Institute and researchers from the Krakow
Group were celebrated in 1997. Several resear-
chers from Krakow have been guest scientists
at IFE for shorter or longer periods of time.
This research collaboration has been unique in
terms of both its long duration and the publi-
cation of more than 50 papers in scientific
journals.

Radioaktive
medicines
(Radiopharmaceuticals)

All radiopharmaceuticals used in Norway are
controlled and distributed by the Isotope
Laboratories at Kjeller. The control process in-
cludes pharmaceutical and radiation protection
controls of the drugs, a crucial aspect of overall
quality assurance for patient examinations. The
Isotope Laboratories monitor the use of radiop-
harmaceuticals in Norway on behalf of the
Norwegian Board of Health and the Norwegian
Radiation Protection Authority.

The GBUO The main target in 1997 was to adapt the opera-
S6minUVS ti°ns of the Isotope Laboratories to the future
25 yGCirS in tasks and functions required of a national phar-
199 7 macy for radiopharmaceuticals. The range of

available radiopharmaceuticals is on the incre-
ase, and a number of new products has been li-
censed over the past year. IFE filled 5000 sepa-
rate orders for radioactive medicines in 1997.

Radiopharmaceuticals are applied mainly in di-
agnostics, for organ visualization and for study-
ing organ function, as well as in therapies and

R6S€ttrch pain relief. The radioactive component (the nu-
COllabora- elide), the most important part of the drug, of-
tlOll IFE ten has a short half-life. This means the pro-
— Poland, duct cannot be stored, but must be manufactu-
— RuSSia red and delivered to the hospitals immediately

by means of an efficient transport system.

Some radiopharmaceuticals are delivered to
hospital laboratories as semi-products, leaving
the final preparation of the product to be un-
dertaken on site. Furthermore, a simple analy-
tical test is performed on the quality of the fi-
nal product. The Isotope Laboratories give ad-
vice and guidance on the fitting out of similar
laboratories, and on how to handle the prepara-
tion and control of such products.

The Isotope Laboratories also deal with the
special production of radiopharmaceuticals
that are not readily available on the market,
and tailoring products to customer specificati-
ons, in addition to the radioactive labelling of
peptides, proteins and other relevant substan-
ces for use in research and clinical studies.

Education is another important part of the
Isotope Laboratories' activities. The educatio-
nal programme includes lectures and practical
courses for personnel in the various user
groups, and teaching nuclear medicine and ra-
diopharmacology to university-
students.

Using radio-
pharmaceuticals
made by IFE at a

Norwegian Hospital



Sampling of grass for radioactive
analyses
Photo: Terje Engh

Radiation protection
and environmental
services
IFE's activities in radiation protection, environ-

mental monitoring (radiochemical analyses

and radio-ecology), industrial safety and radio-

active waste are primarily directed at the

Institute's own nuclear facilities and labora-

tories. However, contract work for the

Norwegian authorities and for users of radio-

active facilities and other clients comprise a

substantial percentage of the activities.

The Institute's radiation protection service

protection deals with the nuclear activities at Kjeller and

Halden, using a state-of-the-art dosimeter

system to register radiation doses to staff

members. IFE also offers activities related to

external dosimetry services (for Norway's major

hospitals, in particular), calibration of portable

radiation measurement instruments, and

training programmes on radiation protection

and working with radioactive substances. The

Institute also performs radon measurements in

dwellings and on building development sites.

The Institute has participated in international

cooperation for improving the handling and

storage of radioactive waste from military acti-

vities in north-western Russia, as well as parti-

cipating in projects for the oil industry aimed

at measuring and treating naturally radioactive

substances that accumulate in production

equipment.

l- IFE's discharges of radioactivity to air and

mental water are monitored through a comprehensive

monitorinff programme of sampling and analyses, and

and radio- annual reports are filed with the Norwegian

Radiation Protection Authority.

The Institute participates in a Norwegian-

Russian expert group appointed to investigate

the radioactive pollution in the Artie. Field

samples taken in 1996 from the area near the

Majak plant were analyzed in 1997, and a

report accidents that have caused the extensive

radioactive pollution in the area surrounding

the site.
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Within the programme of Nordic Nuclear Safety

Research (NKS), IFE is studying long radio-

ecological half-lives in semi-natural eco-sys-

tems. IFE has also taken part in NKS projects

focusing on marine radio-ecology and radioactive

waste, and in three radioecology projects

within the EU's 4th framework programme for

Nuclear Fission Safety.

IFE participates in safety and emergency

preparedness projects organized by NKS and

designed to further develop methods and data

for risk analyses, and the analyses of conse-

quenses and countermeasures in the event of a

reactor accident. Such collaborative projects

are of particular importance to countries that

do not have their own nuclear power plants, as

they ensure the countries maintain and further

develop their expertise in this area. IFE has

also assisted the Norwegian authorities in

connection with international nuclear energy

issues, including participating in Committes

and programmes under the auspices of the

IAEA and OECD/NEA.

Nuclear
safety

Radioactive waste is encased
in steel drums shielded with

concrete or lead

The Institute operates the country's only facili- RttdlO-
ty for the treatment and storage of low and in- actlV€
termediate level radioactive waste. IFE also WttStB
handles such waste from external users of radi-

oactive products and radiation sources. In 1994,

the Norwegian parliament decided to build a

combined storage and repository for this type of

radioactive waste in Himdalen, in the Aurskog-

H0land municipality. Near completion, the faci-

lity is scheduled to open in summer 1998.

Pursuant to parliamentary resolution, the

Institute will be in charge of operating the faci-

lity, and for transferring all excisting low and

intermediate-level waste from Kjeller to

Himdalen.

Monitoring the uptake of radioactive
iodine in the thyroid



The OECD 1997 was the first year of the 1997 -1999

Huldefl research period for the international OECD

Reactor Halden Reactor Project. With the National

Project Nuclear Regulatory Board (GNEN) of Brazil

becoming a member late last year, the Project

now include organizations from 20 countries. A

membership agreement was also signed with

the Institut de Protection et de Surete

Nucleaire (IPSN) of France in 1997.

The Project's activities focus on safety and relia-

bility issues related to nuclear power stations

and other complex process plants. The experi-

mental efforts concentrate on acquiring basic

knowledge about material property changes

during irradiation, especially for the develop-

ment of safe, reliable reactor fuel. Maiden's

Man-Machine Laboratory (HAMMLAB) is used

to study how new technology influence opera-

tors, and to develop computer-based systems for

improving the safety and reliability of complex

plants. The Halden Project also meets the

Norwegian authorities' needs for national reac-

tor technology expertise and is contributing

substantially to practical radiation protection

efforts in relation to nuclear preparedness.

Production
of sensors for
in-reactor
testing of
fuel rods

Nuclear fuel is tested in the

Halden Reactor using

sophisticated instru-

mentation developed

in-house, and

supplemented by

analytical assess-

ments and model

development. Of

particular interest are

the investigations

designed to determine how the properties of

reactor fuel change with time in-reactor. These

involve isolating and exploring individual

processes, as well as characterising the integral

performance of different fuel designs under

normal operating conditions and in situations

with reduced cooling. The results are incorpo-

rated into computational models, for fuel safety

assessments.

Another issue of growing interest by the safety

authorities is how changes occur in materials as

a result of irradiation and corrosion. As a com-

plement to the experience gained from com-

mercial reactors, there is a need for experimental

data focusing on specific factors, and on materials

with properties indicative of the conditions

expected to prevail near the end of a reactor's

lifetime. Stainless steel materials are tested

under different stresses and with different

water qualities to learn more about the pro-

cesses of corrosion and potential crack propa-

gation. Other experiments examine changes in

the materials' toughness, strength and ultimate

strength as a result of irradiation.

A significant proportion of the Project's activiti-

es aims at the development of decision support

and surveillance systems for nuclear power sta-

tions and other process industries. These activi-

ties include the acquisition of basic knowledge

about human capabilities, as well as about the

limitations imposed by a modern control room

environment. The goal is to improve the work-

ing environment, increase efficiency and reduce

operator stress. HAMMLAB, the experimental

focal point for this kind of research, is being

upgraded and expanded to include safety-



related research for the petroleum industry as

well. To that end, a separate laboratory was set

up in 1997 to develop and implement virtual

reality technology.

The technical and safety standards of the

Halden Reactor facility are maintained through

a programme of continual maintenance and

replacement of systems and components.

According to guidelines issued by the

Directorate for Fire and Explosion Prevention,

the Institute undertakes comprehensive inspec-

tions and tests of the reactor vessel and the

heat transfer system every third year, carried

out by independent experts. The most recent

inspection, conducted in autumn 1997, and

which was concluded with an overpressure test,

indicated no weaknesses in the safety of the

facility.

The reactor was in operation for approximately

half of the year, supplying about 120 000 tonnes

of steam to Norske Skog's local paper mill. Two

extensive periods of downtime were used for

maintenance, installing new equipment and

making modifications in connection with the

experimental programme. A new high-pressure

loop system, designed to simulate pressurized

water reactors (PWRs), was installed in 1997.

** " Handling and
inspection of

', experimental
'. rigs at the
" Halden

Reactor

The operation of the Halden reactor involves

comprehensive radiation control and security

measures. These are primarily directed at dose

reducing efforts and control and registration of

radiation doses to personnel. In addition radio-

active emissions to air and water are monito-

red. The results are reported to the Norwegian

Radiation Protection Authority. In 1997 emissi-

ons were, as in previous years, far below the

levels allowed by the authorities.

The Radiation protection department also par-

ticipate in projects aimed at nuclear activities

in Russia and in industrial assignments direc-

ted at optimizing process plant operations.

The international collaboration with the part- A. ndtlOtlCll
ners in the Halden Project gives IFE access to resource
research results and technology of increasing

importance to contract work for Norwegian

industry. The Project develops models and

guidelines for control rooms, analyzing the

human factors involved, adapting plans to a

variety of operating conditions, and taking

advantage of the full range of opportunities

offered by computer technology. The activities

currently underway in Norway include projects

for Phillips on the Ekofisk II platform in the

North Sea. Norway's Civil Aviation Admini-

stration is collaborating with IFE on various

aspects of the new Gardermoen airport project,

including baggage logistics.

A new strategic institute programme imple-

mented in 1997 involves the development of a

Pilot Operations Centre for the oil industry. The

objectives are to provide advice on good design

practices for such centres and develop software

for the manufacturing and supply industry.

Virtual reality (VR) is a promising new tool for

development of control room support. VR tech-

nology can be utilized to test and verify designs.

That is, to ensure that they function as intended,

prior to construction of the control rooms. IFE

began applying this technology actively in 1997,

and has established relations with Statnett and

Ericsson Radar. In Sweden, IFE carried out two

major projects for the nuclear power stations

Oskarshamn 1 and Barseback 1 and 2. Colla-

boration has also been established with 0stfold

College in Halden, where IFE gives courses in

VR technology, and the students get access to

IFE's VR laboratory for their project work.

IFE is working with Ericsson Radar to develop

a user interface for radar systems. The

Institute has also been involved in developing a



training simulator for Ekofisk II, and has

supplied a training simulator for the Troll B

platform in collaboration with Kongsberg

Norcontrol.

Together with Norwegian enterprises and insti-

tutes, IFE is part of a project entitled BISP

(Decision, Information and Control Support

System for the Process Industry). The project is

funded partially by the Research Council of

Norway, and its goal is to develop and incorpo-

rate software that makes it more convenient,

faster and cheaper to apply new methods,

models and tools to process control work.

The Project's graphics development tool

PICASSO is in great demand, both in Norway

and in the Halden Project's member countries.

The same is true for the COAST alarm system

and the PEANO signal validation module, both

of which are becoming increasingly useful for

the manufacturing industry.

Fuel, materials and
instrumentation
technology

Fuel
reliability

Inspection of
materials
subsequent
to test in the
Halden
Reactor

Thermal conductivity is one of the material

properties crucial to the operational reliability

of reactor fuel. It determines the thermal

capacity of the fuel and thus affects fuel perfor-

mance under normal operating conditions and

under transient conditions. However, conduc-

tivity is gradually reduced with extended

exposure, and this has to be factored into fuel

safety assessments, especially in connection

with the prolonged lifetimes being implemented

in order to reduce nuclear waste.

The Halden reactor is being used for a series of

experiments designed to test how operating

time and additives affect conductivity. In some

of the experiments, fuel burn-up is nearly

double that which is common in today's

commercial reactors. Other short-term experi-

ments have concentrated on fuel rods previously

irradiated in commercial reactors. Performance

is measured using special instruments that have

been developed in-house, and which maintain

accuracy and reliability throughout many years

of irradiation. The results of these efforts play a

key role in qualifying the modelling tools used

for fuel safety assessments.

Fuel rods Over time, the noble gases formed by irradiation

With OVer- can cause the internal pressure in the fuel rods

pressure to increase enough to impair the thermal per-

formance by creating a gap between the fuel

and the cladding. Some experiments performed

at Halden are aimed at characterizing and

quantifying these effects in an effort to support

the licensing of fuel for long-term use. The test

programme uses rods that have previously been

irradiated at nuclear power stations, equipping

them with centre line thermocouples, cladding

extensometres and high-pressure gas lines that

enable rod pressure to be maintained at the

desired level. Measurements to date indicate

that the anticipated pressure increases due to

long-term use have relatively little effect on the

thermal conditions in the fuel rods.

Instrumen-
tation to
monitor

stress
corrosion
cracking

The safety authorities and industry need to

know which conditions can lead to crack propa-

gation in reactor materials.

The experimental programme in Halden uses

samples machined fiom niadiated mateuals foi

such tests. These samples aie tested with

instruments that measuie crack piopaga

tion rates to find out how the lates are

affected by parameteis such as

stress level and watei chemistiy

The results of such measuie

ments, the first ever

performed in-

reactor on

Irradiated
steel sample

welded into
a compact ten-

sion specimen
for crack propaga-

tion measurements



previously irradiated materials, indicate that,

crack propagation can be changed and reduced

by making slight modifications to the coolant

water.

of Foreign Affairs. The measures

involved supply of equipment for monitoring the

condition of rotating machinery, for underwater

inspection and for controlling coolant quality.

In addition to the relatively complex measure-

ment technique mentioned above, the Halden

Project has developed an extremely simple,

sophisticated method for determining crack

growth. The method is based on measuring the

movement of a tiny metal sphere attached to the

loading unit. The method requires very little

space, meaning that several units can be inclu-

ded in any given test to increase test efficiency.

The corrosion properties of the zirconium alloys Cladding

used for fuel cladding are of great importance to COWOSiOJl

the integrity of the fuel rods over time. The oxide

formed by the corrosion process has consider-

ably lower thermal conductivity than the basic

material, meaning that the temperature

between the oxide and the metal will increase,

thus accelerating the corrosion process.

However, improved data on the thermal conduc-

tivity of this oxide layer is needed. Accordingly,

the Halden Project is developing a methodology

based on analyzing the thermal expansion of

fuel rods having differing oxide thickness. The

updated thermal conductivity data of zirconium

oxide are to to be used for safety assessment

codes.

The Halden Project makes substantial contribu- Co-OperatlOfl

htions to improving safety at nuclear facilities in

Russia and elsewhere in eastern Europe. As part

of the Norwegian government's action plan for

nuclear-related matters, a number of measures

was implemented in 1997 to improve safety at

the nuclear power station on the Kola

Peninsula, financially supported by the Ministry

With

The development and testing of a computer-

based system to monitor critical safety functions

at the Kola Nuclear Power Station was success-

fully completed. Russian IT specialists and

government officials were present at the final

test run.

The feedback from the Kola Nuclear Power

Station has been highly positive in terms of the

quality of the efforts made thus far and of the

products and systems delivered. This feedback

is important for setting priorities for the

continuing efforts to mitigate problems in

north-west Russia.

The SCORPIO system, designed to improve

reactor core monitoring, and which can be used

to plan and optimize future operations, has been

supplied to a number of nuclear power stations

in Europe and the USA. 1997 marked the

completion of a version of SCORPIO made for

the Dukovany Nuclear Power Station in the

Czech Republic. The reactor is of Russian VVER

design. This particular version of SCORPIO,

developed in collaboration with Czech partners

and Japan, will be installed at the Dukovany

Plant in early 1998.

Core
monitoring
at the
Dukovany
NPPby
means of the
SCORPIO
system

Sensor for monitoring fuel rod pressure during testing in the Halden Reactor
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Control room
technology and
man-machine
interaction

Control In recent years, industry has changed its attitude

roOItl towards the upgrading of control rooms. Instead

d€Velop- of taking one step at a time, that is, making

small 'improvements' whose adverse side effects

have not been analyzed in depth, industry is

now realizing the advantages of basing design

changes on an overall analysis of operator

requirements.

This trend has generated an increase in demand

for laboratories where good control room

solutions for different processes can be demon-

strated. HAMMLAB 2000 is being built up

during the 1997 to 1999 period, to expand the

simulator-based laboratory in Halden from

simulating one nuclear power station of Russian

design, to also simulating two types of western

nuclear power stations. In addition, a special

laboratory known as Petro-HAMMLAB is being

set up to focus on the needs of the petroleum

industry.

Petro-HAMMLAB is being funded partially by

the Research Council of Norway and operated in

close co-operation with the Norwegian

Petroleum Directorate, Amoco, BP, Elf, Norsk

Hydro, Phillips, Saga and Statoil. Petro-

HAMMLAB will demonstrate solutions covering

modern control room functions based on simu-

lation of the Oseberg process and containing

elements such as an effective alarm system, the

use of large-screen monitors and a unified MHI.

The laboratory is intended to include concepts

for future operations centres entailing remote

control from onshore, the unification of several

fields with different operators, and other new

functions.

IT Systems BISP - Decision, Information and Control

for the Support System for the Process Industry - is a

project aimed at developing and commerciali-

zing a new generation of open IT systems for the

process industry. A preliminary project was car-

ried out in 1996, and the three-year project,

HAMMLAB - Halden Man-Machine Laboratory



IFE had the project management responsibility for the Combined Engineering and Training
Simulator for Ekofisk II for Philips Petroleum Company, Norway

initiated in 1997, is being funded partially by the

Research Council of Norway.

BISP technology includes methods and tools

that use process knowledge, models and data to

optimize the utilization of production, operatio-

nal and maintenance resources in process

companies. The initiative for the BISP project

was taken by Norsk Hydro's Research Centre in

Porsgrunn, and the project consortium is highly

representative of Norwegian users and suppliers,

in addition to incorporating professional

expertise from universities, colleges and

institutes.

IFE participates in the development of a frame-

work to facilitate the rapid development and

configuration of model-based systems to optimize

process operations. The BISP goal is to commer-

cialize and sell the products on the internatio-

nal market, and the technology is expected to be

a strategically important tool for the Norwegian

process industry in the future.

The Institute has supplied vital components of Ekofisk II

a Combined Engineering and Training Simulator

to the Ekofisk II for Phillips Petroleum.

Additionally, IFE has participated in the specifi-

cation and project follow-up of electronic opera-

ting procedures (EOP) and a multimedia-based

system for interactive process training (IPT).

The training simulator has been used to verify

the control system using EOP and for training

courses for operators. The engineering simulator

uses the same process model as the training

simulator, but with an emulated control system.

Initially, this simulator has been used by the

commissioning group to study and verify designs

for compressor control and logic.

IPT is being used to train operators. This PC-

based product utilizes sound, images and

animation to present process components and

segments, giving a very lively introduction to the

Ekofisk II process.



Virtual The Halden Project has set up a Virtual Reality

reality Centre for the process industry as a joint venture

technology with the Swedish VR software supplier, Prosolvia

Clarius. The laboratory is to be used for indus-

try-related projects and for training purposes.

1FE has arranged several courses in basic VR

technology at 0stfold College in Halden.

To date, the main focus of the VR Centre has

been on control room design, in particular in

relation to the planned upgrading of the control

rooms at the nuclear power plants in Oskars-

hamn and Barseback. As part of Statnett's

development of computer systems to monitor

the central power supply grid in Norway,

solutions have also been proposed for three

Statnett control rooms in Oslo. VR models for

ships' bridges and command centres for

naval vessels have been made for Ericsson

Radar.

Efforts to develop effective computer systems

for designing user interfaces for control and

surveillance systems are continuing. The

PICASSO system is currently used in most

countries that are members of the Halden

Project, A project has also been conducted for

the USNRC (US Nuclear Regulatory

Commission), involving an upgrade of the user

interfaces for two simulators at the USNRC's

Training Centre in Chattanooga. PICASSO is

also used by a number of Norwegian companies

as a standard feature of suppliers' products.

PICASSO is now available for the hardware

platforms and operating systems most commonly

used by industry.

The Halden Project is conducting an extensive

experimental programme designed to analyze

the reasons for human error, parallel to the

development of methods designed to prevent

human error in control rooms. This expertise

has been applied in collaboration with Phillips

Petroleum for reviewing the error reporting

system on Ekofisk. It was shown that the use of

improved analytical methods resulted in consi-

derably more information about the causes of

reported operational interruptions, compared

with what had previously been possible. The

assignment resulted in recommendations for an

improved reporting system.

Software Programmable systems are becoming increa-
reliablllty singly more important in applications related to

safety. To improve the reliability of such systems,

it is essential to ensure the quality of the whole

software development process. The Maiden

Project co-operates with numerous organizati-

ons in member countries in this regard. A joint

project (ADAPT-FT) was initiated in 1997,

entailing a doctoral programme at the University

of Oslo on the use of formal techniques, namely

mathematical/logical methods, applied to open,

distributed software systems.

User 1FE collaborates with Ericsson Radar on the

interface development of user interfaces for the radar

far radar systems used, e.g. for the Armed Forces'

Systems surveillance radar along the coast of Norway

and in the country's new artillery vehicles. The

job comprises the design, programming and tes-

ting of the user interface software and related

applications. In addition, the two organizations

are working together to develop basic software

for the user interface and map displays.

The Troll B Along with Kongsberg Simrad AS, IFE has com-

trttMing pleted the emulation of a Honeywell control

Simulator system for the Troll B training simulator for

Norsk Hydro. This is a continuation of many

years of collaboration between IFE and

Kongsberg Simrad/Norcontrol on the develop-

ment of training simulators.

Accident The CAMS (Computerized Accident Management

- Support) Project focuses on sophisticated

information technology that can provide more

reliable data for decision support needed to

prevent and/or mitigate the consequences of an

industrial accident. In co-operation with

The
CAMS
system in
use at the
Spanish
Cofrentes NPP



Electricite de France, it has been verified that
the signal validation module can detect all error
conditions in several instruments as well as
estimate the real values of process variables. A
neural net and fuzzy logic techniques have
successfully been integrated into a module for
the identification of process anomalies. In 1997,
Spain began cooperation with IFE on adapting
the CAMS system for use at the Cofrentes nuclear
power station.

Reuse of knowledge makes it possible to reduce I\JlOWl6(lQ6
the cost of developing new methods and system Y8US6
solutions. In collaboration with Aerospatial of
France, the Institute has developed a tool known
as ACCES for the formalization, storage and
retrieval of knowledge. A prototype of the tool
was completed in 1997, along with a demonstra-
tion application in the field of system design.
Efforts are being made to involve Norwegian
industry in the further development of ACCES.

The Halden Project has developed the software
tool COAST (Computerized Alarm System Systems
Toolbox), which simplifies the design and imple-
mentation of alarm systems. In 1997, a number

of industrial assignments was carried out in
relation to the specification and design of new
alarm systems. This includes assignments for
LKAB in Kiruna, aimed at upgrading the process
control system and control room for the pellet
plant, and for the nuclear power stations at
Oskarshamn, Forsmark and Ringhals in connec-
tion with control room modernization. IFE has
conducted a preliminary project for Saga
Petroleum using COAST to reduce/filter the
number of alarms triggered by transient conditi-
ons in the Vigdis/Snorre process.

All baggage passing through Oslo's new inter-
national airport will be X-rayed. The Institute
has been commissioned to recommend safe,
efficient procedures for the X-ray control. To
date, IFE has built up a comprehensive database
on the basis of direct observations, VR simulati-
ons, etc. A number of improvements has already
been recommended.

Bttffffttffe
COtltTOl (it
Oslo S 116W

The control room at Kola NPP
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