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The most important modification in the field of Instrumentation &

Control at S.И
1
. Garona NPP was the incorporation of the "Analog

Trip System".

This system uses analogic instrumentation (transmitters) with Trip

Units, instead of presion and level breakers in the Reactor

Protection, Primary Containment Building Isolation and Emergency

Core Cooling Systems.

The reaBons of this change is to have a better maintenance and a

continuous monitoring of process variables.
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Ruclear paver planes accounted Cor 46X of the total electric povet
production In Sweden in 1990. The availability of the Swedish reactors
remains at a very high level.

The oldest Swedish nuclear power plant has been in operation for
nearly 20 years, and In the next 5 to 10 years a large portion of the HPF
electrical equipment has to be replaced.

The paper presents an overview of activities on control and
Instrumentation in the following:

future developments,
Implementation of computer-based systems,
training simulators,
nuclear safety research.

The operating experience In Swedish nuclear power plants In 1991 Is
also presented.

Operating expérience in Swedish nuclear power plante
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Nuclear power plants accounted for 46% of the total
electric power production in Sweden, in 1990. The
availability of the Swedish reactors remains at a
very high level. The fact that the nuclear units uti-
lization - measured as the capacity factor - is about
ten per cent lower is mainly due to the following
factors: Filled water reservoirs enabled hydro
electric power plants to produce power above normal
and the low power demand due to a mild winter.

The average number of scrams per reactor has decrea-
sed to 1,7 per unit and year. In three of the units,
not a single reactor scran was triggered during the
1990. It is also worth noting that the majority of
the scrams originates, not in the reactor process
system but in the conventional systems.



76 In 1990 the units at Ringhals Power Station produced
all together йоге energy than any previous year.

During the refuelling outage at Ringhals 1, cracks in
the blade attachments on the low pressure turbines
were discovered. Repairs have been in progress most
of the autumn, which has entailed a reduction in
availability.

During the annual refuelling outage at Ringhals 2,
the turbine was modified, enabling the unit to be run
at a higher power level during the autumn. The unit
will be officially uprated in spring 1991. A number
of deformed control rod guide tubes were discovered.
Investigations and samplings aimed at determing the
cause greatly prolonged the outage. In spite of that
the unit had the best production result ever.

Ringhals 3 was operated at reduced power (88%) during
the year in order to slow down the deterioration of
the steam generators.

At Oskarshamn l, a crack was discovered in a riser
pipe in the reactor core spray system, leading to a
replacement of all riser pipes. Problems in connec-
tion with removal of the pipes greatly prolonged the
outage.

Status and future developments

The oldest of the Swedish nuclear power plants went
into commercial operation in the early seventies.
This means that the electrical equipment has been in
operation for nearly 20 years. Because of an ambi-
tious surveillance and preventive maintainance pro-
gram there is up to now very little tendencies of re-
duced availability depending on aging. Components
susceptible to aging, electrolytic capacitors, relays
etc, are inspected and replaced by regular intervals.

From an availability point of view there is no imme-
diate need of replacing electrical equipment. The
motive for installing new equipment is additional
technical requirements, problems related to obtaining
spare parts and technical support.In the next 5 to 10
years a large portion of the electrical equipment has
to be replaced. A strategic plan for the replacement
of the more complex control system in Ringhals 1 is
shown in app. 2. This is quite typical for the
Swedish BWR plants, naturally it differs in detail
between the different plants but the trend and
general plans are the same. A requirement is that a

replacement should not lengthen the normal annual
outage. This means 12 to 19 days are available for
installation and commissioning. This short time
requires a careful planning and. extensive testing of
the system before it is installed. The factory
testing must be done in a manner that simulates the
actual conditions and requirements as close as
practical possible. The time needed for this test is
in the order of 3 to 6 months depending on the
complexity of the system. If possible, the new system
may be installed in parallel with the old one and in
operation with all inputs connected and outputs simu-
lated. This method was used in Forsmark with great
succès when installing a new turbine governor in
1990. During the time the new system were running in
parallel with the old one a load rejection occured
and the new governor behaved like it was controlling
the turbine.

Policies in the implementation of computer-based sys-
tem

A requirement from the operators and maintainance
staff is that there should not be too many different
types of control system. Then upgrading a system it
must include the latest technology to ensure that it
is still on the market at the end of a 5-10 year pe-
riod. This gives no option in the selection of
technology, the systems has to be cumputer-based.

The policy is to introduce computer-based system gra-
dually, starting with non-safety system and after
that follow with less complicated safety system. The
first safety system in Sweden where computer was used
was installed in Ringhals 1 in 1987.The source and
intermediate power range monitoring system was
replaced by a wide range monitoring system. The se-
cond one was installed in Ringhals 2 in connection
with the steam generators replacement. Surveillance
of reactor loop temperatures and control of steam
generator level are made by computer-based
equipment.This was installed in 1989. So far this is
the only computer-based safety systems in use.In
Forsmark a wide range monitoring system similar to
the one in Ringhals will be installed in 1991 and
Barseback is planning for installing a computer-based
power range monitoring system in 1992 or 1993.

The process in obtaining permission to install compu-
ter-based equipment has been quite complicated. First
of all a policy document was written. This document
gives guidance and state general requirements. Refe-
rence is made to relevant international standards for



hardware and software. Proven design is a very impor-
tant aspect in this document, no system is allowed if
it has not proved its reliability in non-safety ap-
plications.

In Ringhals a specific procedure has been developed
that defines the requirements and routines for the
installation of computer-based system. Items that are
covered are such that are typical for the new
technology,e.g. guides and standards.software quality
assurance, proven design, design procedures, archive
procedures, verification and validation of software,
technical support, modification procedures, operation
and Diaintainance.

Training simulators

From the start there was only 2 simulators in Sweden,
one of BWR type (a replica of BarsebSck) and one of
PHR type (a replica of Ringhals 3/4). This was consi-
dered inadequate, especially with respect to turbine
training, and a decision was nade to develope a spe-
cific simulator for each of the individual power
plant.

The Forsmark 1/2 simulator was taken into operation
in 1990, training on Ringhals 1 simulator will start
in 1991 and for Oskarshamn 1 the simulator will be
ready in 1992. The simulators are tailor made and ex-
act copies of the control rooms. The training are
very detailed and covers reactor, turbine and auxi-
liary systems. The simulators are all located at
Studsvik and are operated by the utility owned com-
pany KSU.

In addition to these simulators there are the Compact
Simulators located at the power station. The software
for this simulator is of the same standard as the
full scale simulator at Studsvik but the control room
hardware is reduced to a minimum. The operators use
this simulator for training on a functional level and
it is a very good complement to the full scale
simulator at Studsvik. It is very easy to get access
to the compact simulator, and this is the main
advantage.

Nuclear safety research in Sweden

In average the equivalent of 20 million USD is spent
annually on research in the field of nuclear safety.
Only a small part of this is spent on electrical is-
sues. There are however some projects that could be
worth mentioning.

A study of methods for aging as part of environmental
qualification testing of safety related electrical
components is sponsored by the Swedish nuclear power
inspectorate. A pre-test has been performed. The
purpose was to evaluate suitable methods for mea-
suring degradation of components subjected to aging.
This started in 1987 and was completed in 1990. The
main study was started in 1990 and the purpose is to
investigate - statistical variation in degradation of
aging, due to variatons in individual component
samples - determination of margins needed due to the
limited number of samples normally used in qualifi-
cation testing - investigation of techniques to sup-
plement accelerated testing by curve matching and on-
going qualification - investigation of the benefit on
aging of using nitrogen gas in the containment. The
main study will be finished in 1993.

The Swedish nuclear power inspectorate has the opi-
nion that one of the nain safety issues of the 1990's
will be exchange of control room equipment to compu-
ter-based system. The inspectorate is planning to
start a research project on this issue in 1991.



Appendix 1

SWEDISHNUCLEARPOWERPLANT HISTORY

BY REACTOR TYPE (BWR, PWR)

EnergyAvailability(%/yearo[operation)

Reactor Scrams (Number/year)
PWR

72 73 74 7S 76 90

SVEDISH NUCLEAR POWER PLANTS

Helctric Power Commercial
Power plant Reactor íjpe output (MWJ output operation

net gross (MWil (Year)

Barsebackl BWR. ABB-ATOM 600 615 1800 1975
Bajsebãck2 BWR, ABB-ATOM 600 615 1800 1977
Forsmarkl " BWR. ABB-ATOM 367 1005 2928 1981
Forsmark2 BWR. ABB-ATOM 968 1006 2928 1981
Forsmaik3 ' BWR,ABB-ATOM 1150 1192 3300 1985
Oskarshamnl BWR.ABB-ATOM 442 462 1375 1972
Oskarsharan2 BWR, ABB-ATOM 605 630 • 1800 1975
Oskarshamn3:.- BWR,AB&ATOM ' 1150 1190 " 3300- 1985
RinghalsK " BWR.ÃBÍATOM '- 750 780 ' 250Ò 1976
Ringhals2, • PWR,WestInghouse 850 880 ' 2660- 1975
Rlnghals3 PWR.Wesltaghause 3!5 960 2783 1981
Rlnghads4'_ PWR. Westlnghouse 915 960 2783 1983

DEFlNmONS
Comspondlnj lo lhe UNIPEBE
daullicitlon "SUlliUcil Terminology
Employed In the Electrical Supply
lndusuy"

Energy availability factor - Eli/Eu
GJNIFEDE definition 4.6.03.П
Energy ulllintlon factor - Ed/En
(UNIPEDE deltatllon ПМ.5.0О

Ед - maximal producible energy with
maximal capacity during total time In a
specific period.
Ed - actual produced energy within a
certain period.
Etg - maximal producable energy with
available capacity within a certain
period.



Appendix 2 Appendix 3

RINGHALS 1

UPGRADING TO COMPUTER-BASED SYSTEM

EQUIPMENT CLASS 91 92-95 95-00 >2000

Turbine governor 2E/1E X

Gas turbines remote control 2E X

TIP system

Feed water regulator

Reactor control system

Temp, instrumentation

Fuel transfer

Nuclear instrument. PRM

Reactor protection system

Valve and motor controls

Relay protection

2E

2E

2Б

1E/2E

2E

IE

IE

IE

IE

X

X

X .

X

X

X

X

X

X

RESEARCH ON CONTROL SYSTEM

COMPUTER-BASED I&C IN SAFETY SYSTEM

PROCESS OF EXCHANGE

QUALIFICATION GUIDE

CLASSIFICATION

VERIFICATION AND VALIDATION

VERIFYING A CONTROL SYSTEM IN A TEST RIG

SWEDISH AND INTERNATIONAL EXPERIENCIES
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