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FAILURE CRITERIA POR THE DESIGN OF A LIGHT-WATER REACTOR

1
GENERAL

Guide YVL 1.0 /1/ requires that the systems performing
certain safety functions be designed as follows~

The systems shall have a sufficient number af redundant
parts and components ta ensure that the safety function
af the system is accomplished alsc in case af a single
failure. Certain systems shall meet this requirement also
when any one component is concurrently inoperable.

The purpose af this guide is te provide complementary and
more detailed instructions for the application of general
design criteria. The guide is applied to fluid systems,
to electricity supply systems, and to mechanical compo-
nents Which are needed for the accomplishment of the safety
functions mentioned in section 3.

It is not intended that this guide be applied to protection
systems starting and controlling safety systems or to sys-
tems used for over-pressure protection. Protection systems
are dealt with according to Guide YVL 5.5 and the applicab-
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le standards mentioned in it. As concerns over-pressure
protection, Guide YVL 2.4 is followed.

2

DEFINITIONS

Active conponent is a component whose function is based
on mechanical movement. If the safety functions mentioned
in section 3 do not require that the component should meve,
it need not be regarded as an active component in connec-
tion with this function.

Active failure is a malfunction (not a passive failure)
in an active component.

Active failures are for example:
driven valve or a check valve to
the failure of a pump, blawer or

the failure of a motor-
change its pasition or
diesel generator ta start.

If a component operated by external power functions spu-
riously because of a failure in its automatic contral,
this shall be regarded as an active failure, unless the
companent is provided with special features or operating
limitatians meant ta prevent this kind af spurious func-
tion. An example af spurious function is a situation where
a motordriven valve receives a faulty control signal, where-
by it can open or close.

Auxiliary systems are systems which help a safety system
to perform its intended safety functian.

For instance, the auxiliary systems af the emergency core
cooling system include systems transferring heat to an
ultimate heat sink, the electricity supply system, and
a system cooling the pump roorns.

Initiating event i5 a single event which results in a si-
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tuatian where the plant ar a part of it is no longer in
normal operation. The initiating event and its eventual
consequences are not a single failure defined in this gui-
de. The initiating event can be a single component failu-
re, a natural phenomenon or an external, man-induced ha-
zard.

Long term is the period ef eperation of a safety-related
system, following the short term, when the safety function
of the system is required ta take place.

Operator error is a single spurious or omitted action,
while the operator tries to perform an operating action
relative to a safety functian mentianed in section 3 during
narmal operation, an anticipated operational accurrence
ar an accident situation.

Passive failure is a 10ss of the integrity of a component
or structure, or a blocking af a process flow path. The
blocking of a process flow part can he caused, for example,
by the loosening of a valve head from the stem.

Safety system i8 a system performing a safety function
mentioned in section 3 of this guide.

Shert term denotes a period of time, up ta 12 haurs, fallow-
ing an initiating event. Hawever, in the design af
the emergency cooling system and the containment spray
system af a pressurized water reacter, it is considered
that the short term ends when these systems are switched
ta recirculatian through the containment sump.

Single faHure is a term that is used in the design and
analysis af safety systems and their auxiliary systems.

It means a randam failure and its consequences which are
assumed te take place either in normal operation or in
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addition to the initiating event and its consequences.

Unit is a nuclear reactor and associated compenents which
are necessary for the production ef electricity, and struc-
tures, systems and components which are needed te make
possible the operation of the nuclear reacter witheut cau-
sing undue risk te safety.

3

FAILURE CRITERIA

In normal eperation it shal1 be possib1e te carry out (1)
removal ef residual heat, (2) primary circuit coQl-dawn
and (3) heat transfer to an ultimate heat sink also in
case of a single failure and when whichever active cornpo-
nent affecting these safety functions is concurrently ino-
perable, for instance, due to repair ar rnaintenance.

In normal operation it shall be pessible ta carry out (1)
reactor shutdown (by using whichever of the twe independent
reactivity contrel systerns) and (2) heat remova1 from the
spent fuel also in case of a single failure.

After an anticipated transient leading to a reactor or
turbine trip or after a postulated accident conditien,
it sha1l be possible to carry out (1) replenishment af
primary coolant and ernergency core caoling, (2) removai
of residual heat, (3) primary circuit cool-down, (4) heat
removai from the containment and (5) heat transfer te an
ultimate heat sink also in case af a single failure inde-
pendent af the initiating event and when whichever active
camponent affecting these safety functians isconcurrently
inoperable, for instance, due to repair of maintenance.

After an anticipated transient leading ta a reactor or
turbine trip or after a postulated accident condition,
it shall be posible ta carry out (1) reactor shutdown
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(by using whichever of the two independent reactivity cont-
rol systems), (2) isolation of the containment, (3) gas
treatment of the containment, (4) filtering of ~)e air
to be removed from systems and rooms possibly containing
radioactive suhstances and (5) ventilation ef the control
room also in ease of a single failure independent of the
initiating event.

If a fire in sorne fire zone outside the control roorn can
prevent the accomplishment af a safety function by means af
the contral equipment in the contral raom, the suppression
ef the fire shall be assured with fire pretectien systems
that can function also in case af a single fialure. Here
it is no more necessary ta assume a failure that is inde-
pendent of the fire in the safety functions under examina-
tion (in case of further failures, the reserve control
place and the loeal controls would still be avaiIable,
as required in Guide YVL 1.0).

If a fire can cause a significant release of radioacitve
substances inside the pIant or into the enviranment, the
suppression of the fire shall be assured with fire protec-
ti~n systems that can functien also in case of a single
failure.

In short-term considerations, the single faiIures that
are taken into account can be limited to active failures.

In long-term considerations, the limiting failure can be
either active or passive.

A passive failure that is taken into accaunt in design
shall be determined by analyzing the failure mechanisms
regarded as posible, 50 that the aperating conditions and
potential faiIure and leak modes are given due considera-
tion. The analysis may result in the definition of the
worst failure, for instance, as a seal failure in a pump



INSTITUTE OF RADIATION PROTECTION GUIDE YVL 2.7 6

or in a valve or as a rupture of a small-diameter pipe.
if it can be demonstrated, on the basis of the eperating
conditiens of ~le system and the proper executien of the
design, manufaeture and inspections ef the components and
structures, that there is no real risk of failures worse
than that.

The operator errors that may occur during the operation
of the plant shall be regarded as active failures.

If there are enough time and rneans for the detection, in-
vestigation and repair of a single failure, the actions
of the operating personnel at the unit can he taken into
account in performing the single failure analysis required
in section 6.

4
EXEMPTIONS FROM THE APPLICATION RULES

If it can he demonstrated that the active function of a
component is correct in alI credible situations, it is
not necessary to assume an active failure in the compo-
nent. The opening of a check valve af a certain type can
serve as an example of such a function. If an exemption
of this kind i8 made, it shall be justified.

A passive failure or a leak exceeding the limit used as
a design basis for the containment need nat be assumed
in the containment ar in its penetrations. nor in those
sections of the piping penetrating through the containment
which are left between the penetration and the isolation
valve (including the isolation valves). This exernptian
i5 not applied to the emergency core cooling system piping,
where a damage would result in a 1055 of the emergency
core coolant during recirculation phase.

The requirerne~ts presented in section 3 concern the design
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af a unit. If, during the aperatian af the unit, there
shauld arise a situatian where the requirements are net
met, actions are taken in accardance with the Technical
Specifications approved for use at the unit.

Passive failures causing a limited leak need not be taken
into account in the single failure analysis required in
section 6 if the unit is designed in such a way that the
failure does nat result in the 10ss of the required safety
functions.

In making the single failure analysis required in section
6, it is not necessary to assurne the initiating event ta
be a fault in safety systems that are needed in normal
aperation and that are given consideration in single failu-
re analyses concerning normal operation. Fer example, it
is not necessary ta assume that the initiating event be
a failure in a residual heat remaval pump or in an auxi-
liary feed water pump during cool-down of the unit or the
10ss of ane line in the intermediate cooling circuit during
the power operation af the unit. These failures are dealt
with in a single failure analysis where the initial cendi-
tien i5 the narmal operation af th~ unit. However, this
exemption is not applied to failures which would require
the starting of other safety systems. For instance, a
pipe rupture in the residual heat removaI systam resulting
in a non-isolable Ieak ef the primary coelant would require
the starting ef the emergency ceeling system, and thus it
should be a5sumed as an initiating event.

In making the single failure analysis required in section
6, it is net necessary te assume the intiating event te
be a fauIt in systems that are net needed in nermal epera-
tion and whese failure does net cause automatic pretective
actiens.
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It shal1 be possible to perform the safety functions men-
tioned in section 3 by using either one of the power supply
systems of the unit, the onsite or the offsite. The onsite
power supply and distribution system of the unit shall
alone, as part of each safety function mentioned in sectien
3, meet the failure criteria set for the function.

The systems performing the safety functions mentioned in
sectien 3 shall be designed in such a way that their condi-
tion can be controlled threugh periodic inspections.

The systems performing the safety functiens mentioned in
section 3 shall he designed in such a way that the operabi-
lity ef their active components can be ascertained through
periodic tests.

To provide for events after which it can take a long time
before norma- -peration is restored. e.g. LOCA, it shall
be ensured that the components outside the containment
are accessible and reparable in case that they fail during
the recovery period. The actions te he taken in this res-
pect include: the separation of redundant systems from
each other with sufficient radiation shields, the possibi-
lity of flushing rooms, the possibility of draining and
flushing lines containing radioactive substances in rooms
that must be entered, and safe passages to the components.
1n justified situations it can be assumed that offsite
power supply, components classified non-nuclear safety,
and additional equipment acquired outside the unit are
available.

vlhen planning how te contain radioactive suhstances inside
the unit after an accident, the amount and radioactivity
content of the substance released as a consequence of a
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single failure shall be estimated conservatively taking
into account the releases that have occurred both before
and after isolation. The duration of the release shall
be determined conservatively, taking into account the po-
tential for detecting, locating and isolating the leak.

6

ANALYSIS REQUIREMENTS

The safety functions rnentioned in section 3 shall undergo
single failure analyses to demonstrate that the require-
ments presented in this YVL guide are met. The results
of the single failure analyses are presented as part of
the preliminary and final safety analysis reports or in
topical reports supplementing the safety analysis reports.

A single failure ana1ysis performed for the normal opera-
tion of the unit and for each initiating event shall cover,
besides the safety systems, alI auxi1iary systems that
they need. It is not necessary to assume concurrent or
successive failures io the safety system or io the need ed
auxi1iary systems (except for those that come about as
consequences ef the initiating event or the assumed single
fai1ure). Per instance, if it is assumed that a diesel
generator has fai1ed while the emergency core cooling sys-
tem i8 needed, then there is an active failure. Other
failures may result from this failure er initiating event,
but besides these, no other failures affecting the emergen-
cy core cooling need be taken into account either in short
or in long term.

7
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