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ABSTRACT

The Department of Reactor Safety of the Institute of

Radiation Protection, being the nuclear regulatory authority

in Finland, has set up regulations which govern the design

and construction of NPP systems and components. The

regulations are partly compiled from existing codes and

standards, published primarily in the United States and

Federal Republic of Germany, and partly worked out at the

Institute. The regulations are collected to a special set

of YVL guides (guides for nuclear power plants), and one of

these gives requirements on the design and construction of

NPPCI systems and components.
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The scope of the requirements is based on the safety

classification of-the Cl-systems and components. Three

safety classes have been singled out: the first for CI

systems which take part in reactor protection, the second

for other directly safety related, and the third for

remaining CI systems important enough to deserve supervision.

The safety class for CI components is inherited from the

system they belong to. The safety classification of IC

systems has direct bearing on the initial assumptions of

plant accident analysis.

The desing principles of IC systems are inspected as part

of the preliminary and final safety reports. Focus is

directed on the principles of redundancy, separation,

diversity, testability, etc.

The requirements on IC components are directed to different

stages of manufacture, installation, and operation. The

type tests shall be adequate and acceptably documented.

The manufacture of components is followed, the test reports

reviewed, and the efficiency of manufacturers quality

assurance program evaluated. Further requirements concern

the installation phase and tests at the end of it, and

finally guides include directions for maintenance and

testing during the operations phase.
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1 INTRODUCTION

Finland entered the nuclear age in the beginning of 1977

when its first nuclear power plant, a 44-0 MWe pressurized

water reactor, supplied by the Soviet Atomenergoexport,

started commercial operation. Three more nuclear power

plants are currently under construction: A twilling to the

already operating 440 MWe PWR and two "boiling water reac-

tors, 660 MWe each, supplied by the Swedish Asea-Atom.

The Institute of Radiation Protection, the nuclear regula-

tory authority in Finland, has been supervising the build-

ing projects from their very beginning. The supervision

and inspection work has been directed to design documents,

manufacturing, installation, testing, and operation of

safety related systems and components.
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The Institute has set up regulations to facilitate the

supervision work. These have been collected to a special

set of YVL-guides (guides for nuclear power plants), and

one of these cover the- different inspection stages of

control and instrumentation systems.

2 SAFETY CLASSIFICATION

The scope of the requirements and the depth of the inspec-

tion is based on the safety classification of the systems.

There are four safety classesi and the first of them is

most important. For control and instrumentation systems

there are essentially only three different groups, since

the third and fourth class systems are subject to equal

kind of treatment.

The first class includes systems and components the failure

of which could cause radiological releases large enogh to

risk public health and safety..Of control and instrumenta-

tion only reactor protection systems belong to the first

class. The second class includes CI systems needed to isolate

the containment and to initiate the operation of engineered

safety features. Examples of the remaining group are those

serving control rod movement, ventilation of electronics

and computer rooms, fuel handling machine, radiation moni-

toring, in core flux distribution monitoring, fire monitor-

ing, and alarm systems.

3 REQUIREMENTS FOR CI SYSTEMS

The Institute of Radiation Protection has adopted the Amer-

ican code

10 CFR PART 50 Appendix A

General Design Criteria for Nuclear Power Plants
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as a general basis for the requirements on nuclear power

plant systems and components. The standard

IEEE Std 279

Criteria for Protection Systems for

Kuclear Power Generating Stations

will be followed closely in connection with reactor protec-

tion systems, and no exeptions (save one, to be discussed

later) has been allowed in licensing procedures. A third

guide that has influenced the Finnish requirements is

DIN 25434
it

Reaktorschutzsystem und Uberwachung
von Sicherheitseinrichtungen

from the Federal Republic of Germany. In the following we

rewiev some central requirements on reactor protection sys-

tems, together with some experiances in their application.

Single Failures

According to IEEE 279 4.2 "Any single failure within the

protection system shall not prevent proper protective action

at the system levei when required". Possible postulated

single failures include shorting or open-circuiting of inter-

connecting signal cables, open-circuiting of relay energizing

coils, earth faults, and mechanical failures such as clamming

of relays and damages of mode switches. The postulated single

failures need not be "credible", the system shall survive any

single failure;

To comply with this requirement the protection systems shall

have several redundant channels such that the deterioration

of any one channel still leaves the system intact.

Points where different redundant channels come near each other

(such as mode switches and logic units) are of special inter-
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est, since there one single failure could possibly violate

several redundant channels.

In the application of the single failure criterion we have

leaned on the standard

IEEE Std 379

Trial Use Guide for the Application oí Single Failure

Criterion to Nuclear Power Generating Station Protec-

tion Systems.

The Institute of Radiation Protection has required numerical

reliability analysis performed on reactor protection systems

which show their insensitivity against single random failures.

Different channels are assumed statistically independent,

and standard fault tree methods has been exploited. We have

set no numerical reliability goals or targets which the sys-

tem should meet. Attention is directed to possible weak points,

"bottlenecs in reliability", and coherent system structure.

The analysis show, however, that the unreliabilities for reac-

tor trip are well less than 10"' per demand.

Defense against single failures is not a major problem. Increas-

ing the number of redundant channels and keeping the channels

well separated will give a system that is fairly insensitive

to random single failures.

Common Mode Failures

More severe problems present the common mode failures. Under

this heading belong failures caused by external o.ccurences such

as fires, water, impurities in air, and earthquakes, or failures

caused by design, construction,or installation deficiencies. A

common feature of common mode failures (CMF:s) is that in each

failure case there is an appreciable probability that several

redundant channels are involved.

To defend against CMF:s one has to list all credible CM failure

causes and then try to find countermeasures for each of them.
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To defend against missiles, flood, and other external events

the redundant channels should be physically separated, by walls

or at least by sufficient distance. The separation tries to

preserve the independence between redundant channels, as far

as possible, for CMFts, too. We have based our requirements

regarding the separation on the

US1IRC Regulatory Guide 1,75

Physical Independence of Electric Systems

One exeption to this guide has been accepted. The cable spread-

ing area below the main control room was too small to allow the

required distances between cables of different redundance. In

this case cable bundles belonging to the same redundancy group

were wrapped in a 10 cm thick heat insulating material, and

wrappings were then placed as far from each other as the spread-

ing area allowed.

To defend against deficiencies in design, construction, and

installation one should apply the principle of diversity. Ac-

cording to this principle important tasks should be perform-

ed by several devices, each of which has different operating ,

principle and design. We have an example, where the running of •

primary circuit coolant pumps is monitored by three different

principles. A tachometer is used to indicate the speed of the

pump directly. A pressure difference across the pump is the

second monitoring method, and finally the electric effect taken

by the pump motor indicates its running.

A. third measure used in defence against CMF:s is the fail safe

principle. According to Criterion 23 of 10 CFR PART 50 Appendix A

"The protection system shall be designed to fall into a safe \

state or into a state demonstrated to be acceptable on some othez

defined basis if conditions such as disconnection of the system,

loss of energy (e.g., electric power, instrument air), or postu-

lated adverse environments (e.g., extreme heat or cold, fire,

pressure, steam, water, and radiation) are experienced". A spu-

rious protective action is always less dangerous than a failed

protective action.
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The principal field of application of this principle has been
the switch modes of relays and solid state devices in logic
circuits, The right way is "deenergize to operate", in which
case loss of energy or open circuiting of relay coil tries to
cause a spurious protective action. On the other hand, using
this switch mode, clamming of relay contacts or short circuit-
ing of logic level to a high voltage is a dangerous fault,
These kind of faults must then be found and repaired during
periodic testing of the system.

Some effort has been needed from the side of the Institute to
put this principle through, since conventional switching mode
in many instances is just the opposite (that is, energize to
operate).

We do not require numerical reliability analysis including
CMF:s. It seems to us that both the data base and the methodo-
logy are totally insufficient to date to conduct such analysis.
Instead, qualitative OHF considerations are required on the
most important safety instrumentation systems.

Capability for Sensor Checks

According to IEEE Std 279, 4.9, "Means shall be provided for
checking, with a high degree of confidence, the operational
availability of each system input sensor during reactor oper-
ation. This may be accomplished in various ways,, for example

(1) hy perturbing the monitored variable; or
(2) within the constraints of paragraph 4.11, by introduc-

ing and varying," as appropriate, a substitute input to
the sensor of the same nature as the measured variable; or

(3) by cross checking between channels that bear a known
relationship to each other and that have read-outs
available.M

In normal cases transducer' gives- a current signal directly pro-
portional to the measured variable, which is then transmitted
to special habitable measuring rooms. It is then possible to
compare the readings of different channels, or watch their



responces to small naturally occurring disturbances, and in

this way, using the option (3) above, get assurance on their

functionality.

We have a case where monitoring of overpressure in inhabit-

able rooms is arranged with the aid of passive monitors, using

a bellow and a switch inside it. Normally the switch is closed

and a current flows through it, When pressure increases, it

compresses the bellow, causing finally the switch to open,

The current then stops and initiates protective action. A dan-

gerous fault in this device would be the clamming of the switch

to closed position. To test that this is not the case is, how-

ever, during normal operation of the plant impossible. The

only way to operate the switch is to squeeze the bellow, by

pressure or mechanically. This is' not possible because the

room is not habitable, due to the radiation field present.

'We have considered this arrangement acceptable, due to its

extremely simple, and hence reliable structure, and also due

to the strong redundancy that is present in the system. This

is, notably, an exception to the requirements set forth in

IEEE Std 279.

4 REQUIREMENTS FOR 01 COMPONENTS

The components of CI systems must stand adverse environmental

conditions such as heat, cold, humidity, shocks, vibration,

overvoltage, and variations in frequency. The Institute of

Radiation Protection has required that all component, types

of CI systems belonging to safety class I shall be .subject to

extensive environmental tests. We have adopted as our require-

ments the

IEC Publication 68-1

Basic environmental testing procedures for

electronic components and electronic equipment

These include tests such as

Cold test (68-2-1), where components will be subject to
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temperatures +50 - -650 for a spesified duration,

Dry heat test (68-2-2), where temperatures rise to +2000

Damp heat tests (68-2-5, 68-2-4), where temperature is

+250 — +550, relative humidity 93?» and test duration

4- - 56 days,

Vibration test (68-2-6), where the components are subject

to sinusoidal vibrations, and

Bump test (68-2-29), where components experience repeti-

tive shocks with very high peak accelerations (up to 40g).

Che test documents will be rewieved by the Institute prior to

the commencement of the manufacturing.

These requirements has been relaxed in cases where components

(relays) have been in use for several decades in a variety of

purposes and environments, and where they have aquired good

operating records.» We think that such an extensive field data

equals in weight environmental type tests.

Special attention is paid on solid state electronics cards.

Here the design is for. the most part only a few years old,

and hence only little operating experience is available.

At the end of the manufacturing stage a special structural

inspection will take place* This inspection has three phases.

First, the documents that have emerged from different tests

and quality control procedures will be rewieved. Second, vis-

ual inspection will be conducted. She purpose is to assure

that the manufactured item corresponds to the drawings and

design material and that the item is ready for transport to

the power station area. Third, functional tests, when applic-

able, will be performed.

The Institute has required that standard components of the

reactor protection system, such as relays, electronics cards
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and transducers, will be subject to an inspection which is

performed by an organization independent of the manufacturer

and the plant owner. The inspection is-performed-ona-small

sample (5 — 10$) only, and it includes measurements of basic

technical parameters (output voltages and currents for elec-

tronics cards, energizing voltages and contact patterns for

relays, and characteristic curves for transducers, to name

a few typical examples). No faulty components are allowed in

this inspection, ,

Transport to the station area is possible only after a success-

ful structural inspection.

5 SUPERVISION DURING THE OPERATIONS PHASE

Supervision of installation and plant tests includes survey

of test programs and test results. Requirements concerning the

operations phase are directed toííperiodie testing, maintenance,

and operating records. The requirements' on periodic testing

are based on

IEEE Std 338

Periodic Testing of Nuclear Power Generating

Station Protection Systems.

A typical test interval £ot 'reactor protection systems is 3

to 4 weeks. This entails a test for one redundant channel

each week.
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