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ABSTRACT

- This paper describes the probabilistic fire safety assessment (Fire PSA) carried out by‘
. the utility Teollisuuden Voima Oy (TVO) for two BWR. units Olkiluoto 1 and
Olkiluoto 2 (OL1 and OL2). Analysing methods and quantitative results are discussed-
and plant modifications implemented asa result of the fire risk study are descri‘bed

The Fire PSA study was done step by step between 1988 and 1998. The study
. considered only risks relevant to nuclear safety, and economical losses were -
disregarded. The first fire analy51s started in 1988 and reported in 1991, considered the
risks of fires affecting safety system components and their power cables. The analysis
'was extended between 1992 and 1994 to cover also the fire risk through damages in
instrumentation cables. Finally the fire risk during outage was analysed between 1996
and 1998, so that the plant specific fire PSA covers all operational states.

Operational experience of the latest 34 reactor years and 36 outages of units OL1 and
OL2 were used to determine the plant spécific fire frequencies for power operation and

for shutdown conditions, respectively. For the room specific- fire' frequency analysis .

Berry’s method was used. The room specific fire parameters needed in Berry S model for
power operation and for outage were assessed separately, too.

The core damage frequency due to fires as a result of the first study was 2-10° Siry. Due
to improvements in sprinkler systems and in passive fire protection the risk decreased
by factor 5 to 4-10° °/ry Later plant modifications decreased the core damage frequency
due to fires to 3-107/ry', although some of them were 1mp1emented because of other
reasons than fire risk reduction. The core damage frequency due to fires during outage
is 2-10° S/ry, which is almost three orders of magnitude lower than the current total core
damage frequency ( 1 A4-107/ry). .

Since the contribution of fires to the annual core damage risk is only 2,0 %, and since
- the risk level is from international point-of view relatlvely low among soberly done

PSAs, there is hardly any potential of risk reduction by means of 1mpr0vement in fire - -

* protection and therefore plant modlfxcatlong are not-worthwhile. However, the model is

! includes fire risk in shutdown conditions
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mamtamed and updated contmously n order to foresee potenual rlSk increase due to
any plant modification or operating’ expenence gained.

RN
A
4o




1'.' INTRODUCTION

Teolhsuuden V01ma Oy (TVO) operates two identical ABB ATOM type BWR units, ,

OL1 and OL2, in Olkiluoto (Finland). The units have been in commercial use since

1979 and 1982, respectively. After the modernisation, that was carried out in connection

with normal refuelling and maintenance outages between 1996 and 1998, the net
electrical power of each unit is 840 MW. '

~ The level 1 PSA for the units OL1 and OL2 was started in 1984 by the utility TVO'. At
the beginning the analysis was concentrated on internal initiators, whose risks were
“ reported in 1989. The analysis of external events was started in 1988 and reported in
1990 considering floodings and in" 1991 considering the first fire risk analysis, which
-included safety related components and thelr power cables. Development of living PSA
. was begun in- 1990 and the first version of the level 1 PSA for power ‘operation . -
_ "mcludmg mtemal and external initiators was pubhshed four years later. The analyses of

“external events were carried on and the analysis of weather and earthquake were
" brought into hvmg PSA in 1994 -and 1997, respectively. Also the fire PSA was updated
between 1992 and 1994 and the analysis was extended to instrumentation cables, since

- it was-already. ldentlfled in the first phase that espema]]y a fire in reactor protection

: system (RPS) can cause tripping or spurlous control of safety related systems and
. components ~

The Shutdown-PSA"an'al'ysis carried out between 1990 and 1992, was the first one in
the world for type BWR NPP, so that new methods were to be evolved. The original
ana1y31s included loss of residual héat removal and different leakages of coolant, but in
1996 and 1998 it was extended to include also fires. Hence the fire PSA covers all -
operatlonal states. So far the contribution to flre risk analysis is about SIX Iman-years.

The principle of using four half capacny subsystems is apphed in both units to all

~ important safety functions. The four redundant circuits of the safety related systems are

_ a331gned to two main groups, located ‘in physmally separated areas. Within the areas
rseparatlon by distance or by means of barriers-is used between the redundant circuits®.

The safety design criteria for the Olkiluoto NPPs are based on - Swedish codes and
standards. Adaptations have been made to Finnish regulations. The units have very wide
actlve and passive ﬁre protection systems and also an on-site fire brlgade
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2. FIRE FREQUENCIES

Plant specific fire frequency for power operation was determined by operational fire .

“experience from 1981 to 1997. Similarly, fire frequency for outage was evaluated by
outage fire data from 1981 to 1998. The plant specific fire frequency is 1.5-10ry
(reactor "year) for power operation mode and 1.1-10° 1/outage during shutdown for
refuelling . - '

Cable routes of important components were identified room by room from the point of
view of fire and safety. Fire frequencies of rooms, in which fire has same kind of effect
on safety related components, were grouped in order to get limited amount of fire
initiators to be analysed in event trees :

Berrys method, that was earher used for the Swedish NPP Barseback was used to
determine room specific fire frequenmes both during power operatron and outage. The
room spec1flc fire parameters needed in Berry s model were assessed separately, too.

Aecordi'ng‘ to Berry's method a fire can ignite only__ if an ignition source and a
combustible material in aroom gets-into contact with each other. Potential sources for
ignition are human beings as well as mechanical. and ‘electrical equipments. Ignition
' probability is based on the ignition temperature of the fire load in the room. Berry's
method also takes into consideration the probabrhty of self-extinguishment of the fire.

In addition the fire can be suppressed by the persons that are present in the room or by
fire- watch which is also taken into account by Berry S parameters

. The room specific parameters for Berry's model were evaluated by expert Judgement

-which requ1red walk-throughs at the plant. All fooms were vrsrted in 1988 to determine
the parameters for power operation mode. Parameters "were updated -and plant
modifications were taken into -account in 1993. In order to get the best possible
understanding concerning the drfferences in fire ignition risk between maintenance
outage-and refuelling outage, both' units were analysed separately in 1996 by visiting
and evaluating all rooms. Finally, in 1998 parameters for maintenance outage were
conservatively used to determine room specific fire frequencres durmg shutdown for
refuelhno :

3.SAFETY CRITICAL FIRES

The quantrtatrve event tree analysis for power operation covers fires that cause shut
down of the plant and at the same time degrade safety functions. During outage fires
that cause a loss of decay heat removal and degrade safety functions were regarded as
critical to nuclear safety and analysed quantitatively in event trees. Economical losses
were disregarded and the turbine building was not included in quantrtatrve analysrs
since it was regarded as margrnal to nuclear safety. - :

During the shutting down phase, essential 'shutdown phase, and start up phase fires are
possible inside the containment, since the containment atmosphere is non-inerted during.
them. Fire in the contarnment during the shuttrng down phase and start up phase was




presumed to activate the cbntainment isolation by. containment- temperatﬁfe control,
because isolation has a stronger impact on résidual heat removal than & damage of a
smgle component inside the containment.

‘ Most of the containment 1solat10n signals of the reactor protecuon system are
disconnected during outage, and reconnected shortly before the start up phase, so that
the fire risk at the outage consists of power cables only. At the same time with RPS-
disconnection the personnel hatches are opened and the inner isolation valves of shut-
down cooling system -are mechanically locked at open position. From this moment to
RPS-reconnectlon moment fires in containment were presumed not to be able to effect

_ the residual heat removal

4. QUANTITATIVE FIRE RISK AND PLANT MO_DIFICATI_ONS N
4.1. Phase one — Safety System Coniponents and their power cables

The principle of using four half capacity subsystems is applied in both units to all -
important safety functions. The four redundant circuits of the safety related systems are -
~assigned to two main groups, located in phys1cally separated areas. Within the areas
separation by distance or by means of barriers is used between the redundant circuits.
Figure 1 describes prmCIple of separatlon in cable tunnel, Where cables ot two sub-
' system are located. -
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Power cables . . .
Instrumentation cables —-< | i N BreHEER
‘ C-sub ’ - ‘ B-sub | Alj Surﬂ

Figure 1. Principle of four half capacity sub~system separatlon at Olkiluoto NPP. Instrumentatlon
-cables are located at the lower part of the tunnel msnde an iron she]ter :

Tunnels contammg cables of two redundant sub-system are supplied w1th sprinkler
-system, but however, before fire PSA analysis there were some deficiencies in sprinkler
.system coverage area. Power cables are located at the upper part of the tunnel and
1nstrumentat1on cables are below them inside an iron shelter.- :

The first fire risk study, carrled out between 1988 and 1991 concentrated on safety
system components and their power cables. At the very beginning of the fire PSA the
" fire propagation was highly overestimated. It was assumed that a fire makes all
~components in a room unavailable, no matter what kind of fire' protection is present,

Later, the fire propagatlon was spemfled more realistically™. Some typical propagatlon
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parameters are in table 1. Parameters are based on experiments and statistic, but more.
. accurate values may be estimated by fire simulation programs in the future.

Table 1. Fire propagation parameters -

Parameter | Application
value '
1.0 Fire in a power cable destroys all power cables in the sub-
- system
1.0  Fire propagation probab1hty between sub- systems w1thout
~ sprinkler system’
0.1  Fire propagation probabrhty between sub-systems, with
- sprinkler system and good separation by distance
- 0.1 - Fire propagation probabllrty between Tows (sub systems)
. _inrelay rooms - 4
0.1~ Fire propagatron probabrhty between power cables n
pump rooms, where cables are protected passively and
separated by d1stance '

The core damage frequency due to fires as a result of the first study was 2 10 ry.
. During the analysis was also identified that a fire especrally in reactor protectlon system
~ can cause tripping or spurious control of safety related systems. and components. On the

basis - of . the ‘results and deterministic . fire safety assessment fire - plotectron L

. lmprovements were started both in active and passive fire pr otection of the plant.

The aim was to- decrease the fire propagation parameters in rooms, where cables or
components of two sub-systems are located. Sprinkler system was extended to some
new rooms and the location of existing sprinkler heads was 1mproved Also some of the
sprinkler heads were changed to qurcker ones.

Passive fire protection ‘was improved by coatmg the power cables with fire retardant

‘material in service water pump room. Also sub- -systems in two large room were divided
. into separate fire departments by new fire wall. Due ‘to 1mprovements in sprinkler
- systems and in pass1ve fire protection the original frequency of 2-10° /ry was decreased
by factor 5 to 4-10° /ry Later plant modifications decreased the core damage frequency
due to fires to 3-107/ry, although some of them were 1mplemented because of other
reasons than fire risk reduction.

4.2. Phase two ——-.‘Extension of fire PSA to instrumentation systems

"During the first fire risk study it was also recognised the 1mp0rtance of instrumentation
on safety. Open circuits and short circuits can cause spurious actuation or prevent the
function of safety system, so that Fire PSA was extended between 1992 and 1994 to
-include 1mportant safety related 1nstrumentatron

The separatlon principle of RPS measurements and actuations is rllustrated in figure 2.

* - The vertical separation and shielding principle can be seen in figure 1. Fire propagation

probabrhty of 0.2 is used in cable tunnels for propagatlon from power cables to
~mstrumentat10n :
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) Flgure 2. -Physical boundaries of the reactor protection system (RPS). The thicker broken line
separates redundant subsystems to the main fire areas whereas the thmner broken line illustrates
'the separatlon by distance and sprmklmg

RPS is based on conventlonal relay techmc Output signal is generated as a result of
2-out-of-4 voting, so that the effects of fire on output is depending on failure mode of
the cables and signal energising arrangement. The possible alternatives are on one hand
open circuit and short circuit and on the other hand energised and non-energised
tripping condition. Most tripping COIIdlthIlS are energised, in which case open circuit
causes trlppmg of condltlon

Fire in . component control cables can cause miscontrol hke spunous valve actuation or
unwanted start or stop of pumps. This has been the case in many fires in NPPs.
- However, malfunction of a single component is less acute than the unwanted tripping of
- RPS, which can be caused by fire in. RPS measuremert cables. ‘Spurious -tripping
‘requires malfunction of two conditions, but the unavailability of the signal would
require three failing condltlons which i is very improbable.

The extension of fire PSA to instrumentation increased the core damage frequency due ‘
to fires with 10 % and the total core damage frequency with 1 %. Modifications in

active and passive fire protection, that were done as a result of the first fire risk study,

decreased also the fire risk concerning instrumentation cables, which explains the small

I‘lSk increase. ~

- 43 Phase' three —:Shutdlown Fire PSA |

The shutdown fire PSA (1996—1998) was based on existing plant specific PSA studies.

In the modelling of outage specific fire everits, event trees of shutdown PSA were used.

The existing fire initiating events for .powé_:,rfopcration_were analysed. qualitatively in
e : 3 > :




order to d1scover which events had an rnﬂuence on safety during the outage In
add1t1on new events were 1dent1f1ed

'The exterision of fire PSA of Olkiluoto NPP to outage increased the core damage
frequency due to fires with 8 % and the total core damage frequency with 0,17 % only. .
The core damage frequency due to fires during shut down is only 2,16-10%, which is
almost three orders of magnitude lower than the total core damage frequency. The
contribution of fires to the annual core damage risk is 2 %. Figure 3 descnbes the core
melt contribution in April 1999

Weather
63 %

Refuelling . .
- 20% Earthquakes

356 %

Fires

- 19%

v . Floodings

Missiles 85% -
0,1 % '

Figure 3. Core melt contribution (CMF=1,4-10"%). I*:ires include both power operation and outage.

On the basis of fire PSA for power operatlon and deterrmmstlc fire safety assessment
fire protection 1rnprovements have been made both in active and passive fire protection
~ of the plant. Improvements were 4lso a good basis concerning fire risk during outage.

Considerable low risks due to fires during the outage are mairﬂy resultant from good
physical separation of four redundant trains and very wide active and passive fire
‘protection, but they also ascribe to characteristic of outage. Reactor protection system is
disconnected except the very beginning of shut down, so that the loss of heat decay is
not p0551ble through fire in instrumentation cables. Shortly after opening the
-containment air lock, the inner isolation valves of shut-down cooling system are
‘ mechamcally locked open. After the removal of pressure vessel head both fire fighting
water system and distribution system for demineralized water can be used as a source of
‘water in addition to conventional cooling systems. Air has been credited as an ultimate
heat sink in.the case of boiling the water in reactor pool. Decay heat generation during
' outage requires only low capacity of water pumping especially in the case of boiling the
pool water, which allows a high redundancy Simple structure of pool water system, its
capability and capacity for most of the time during outage to remove residual heat from -
the core, too, decreases the core damage risk due to loss of residual heat removal. ‘All
~ the yalves of the system are manually operated, and no fire can close them. Therefore
'the system can only be lost in fires that damage power cables of the pumps
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. Since the contnbutlon to core damage frequency of the flres dunng outage was found to

. be several orders of magnitude below the annual risk, there is hardly any potent1a1 of

risk reduction by means of improvements in fire protectlon and the improvements are.
not worthwhile. ' : :
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PSA Study for an Exemplary Plant Locatlon
of a German PWR Built to Earlier Standards

Marina Réwekamp, Heinz Liemersdorf

-Gesellscnaft fur Anlagen- und Reaktorsicherheit (GRS) mbH

ABSTRACT

Fora selected plant locatron of an exemplary German nuclear power plant (NPP) built

to earlier nuclear safety standards GRS has carrred out a probablllstrc analysis. For the
selected relevant fire, scenarlo of a cable fire a detalled analysrs was performed with -~
_respect to the frre occurrence frequencres the consequences of fire for- the equrpment
: 'affected and the lncrdent control by the safety systems requrred '

~ The study included simulations of the fire development and the c_onsequenti»al fire and.
fire related effects under realistic assumptions estimated from the plant specific condi-
tions by-adyanced fire simulation codes performed by iBMB of the Braunschwelg

.. University of Technology.

The analysis furthermore included in-depth investigations on the probability of the
screened out fire scenario considering the state-of-the art with respect to research ac-
tivities on electrical cable and cabinet fires. In addition, the study covered the human
" influence factor taking into account the plant personnel involved and the fire brigades
as well as the plant specific conditions regarding fire protection and control of the acci- -
dent. A first rough estimate of the uncertainties of those parameters rnfluencrng the
flnally estimated core damage frequency was performed




1 . INTRODUCTION
In the frame of supervnsory activities of the German federal state authority in the years
1995 to 1996 GRS has carried out a probabilistic fire safety analysrs fora specn‘tc plant'
location with srgmfrcance to nuclear safety: the cable spreadlng rooms. The NPP under
consrderatrcn was designed to earlier standards. The cable spreading rooms located
inside the switchgear building under the main unit control room were identified as a
_critical zone containing a relatlvely high flre Ioad from insulation materlal of electncaf
cables as well as safety.related equnpment The objective of the probabthstlc analysrs
-was to assess the safety srgnlﬂcance of deﬁcrencres in fire’ protectron observed in the
frame ofa determrnlstlc fire hazard analysrs

’Apptyrng the so-called defence -in depth safety concept as explicitly outlined W|th re-
| gard to the plant rnternal hazard "fire” in [1] and [2], it had to be assessed whether the
’ nucfear protecttcn goals of the different defence -in-depth levels were met. In the frame
~ of the determrnlstlc fire hazard assessment, a. cross-check whether the requirements
B for the, defence -in- depth . levels 1 and 2 "Prevention of Initiating Events” (see Table 1)

“were met ‘gave’ no indication on deficiencies. But the cross check for meetmg the re-
| qulrements for level 3 "Control of Desrgn Basis Accidents”, parhcularly for fire protec-
tion, indicated that the exrstmg measures are not in accordance with the German nu-
clear fire protectxon standards The. respective KTA fire protectron standards (KTA
2101.1 [3] and 2101.2 [4]) give priority to physical protection by structural fire protec- .
- tion means. In contrary, the fire prctectron features in the cable spreading rooms are
., based ona .sepa_'ration‘ of redundant equiprnent by distance with an additional station-

ary fire extinguishing system.

' Estimatingthe relevance‘ of a fully developed fire inside the cable spreading irooms as
a beyond design basis accxdent with respect to the defence-in-depth safety level 4 the
efflcrency and rehablhty of mdependent emergency systems and accident management
had to be quantified by a probabilistic analysrs '




2 Description of the Selected Scenario

Figure 1 gives a schematic overview of the layout of the plant location under consid-

eration.

On the upper level of the switchgear b»uilding the unit control roorn is located adjacent
to other rooms containing electronic cabinets for all four redundant trains of the safety
instrumentaﬁon and control (I&C) system as well as for the operational 1&C systems.
The cable routing of this equipment is leading to the next lower level cornpartments
(cable spreading rooms) with a speeific cable support structure close to the ceili’ng, de-
signed for the cable spreading; This level of the 'switchgear building with the eable -

spreading rooms consists of two compartments (see also Figure 2) and contains the o

so-called marshalling racks. All I&C cables routed from other NPP buildings to the -
switchgear building are connected to these marshalllng racks, where they are further
marshalled (spread) to the equipment for processmg the respectrve srgnals

These cable  spreading rooms furthermore contain also electronic cabmets for the
safety related or plant operations I1&C systems Outside the cable spreadlng rooms, the 1
cable routes of the different redundant trains connectrng these rooms with other ones
on a lower level oF with adjacent buridrngs are physically separated in principle by
structural measures The desrgn concept in the respective NPP foresees a physical
separation of the two redundant trains'1 and 3 (redundancy group A) from the redun-

dant trains 2 and 4 (redundancy group B). However inside the cable spreadlng rooms ) A

only the spatial separatlon of the redundant trains-1 and 3 from 2 and 4 is pc)ssrble
' revealrng the necessity for a detalled analysis of these plant Iocatrons PCV cable in-
- sulation material represents the dominating fire load in these compartments.




3 ~ Comprehensive Assessment»Approach"

The comprehensive determi_nistlc'and probabilistic approach applied vby GRS, as out-
lined in more detail in [1] and [2], is based on the principle of the deterministic assess-

ment cross-checking the efficiency of the defence~in-depth Ievels ‘b_y quantifying the fire

occurrence frequenCy, the probabilities for fire development as well as for the unavail-

ability of systems affected directly or indirectly by the fire effects.

The basic princlple of the assessment was to demonstrate whether the fire protection
' teatures are in a well-balanced relation to the other safety teatures of the NPP. The
safety features of nuclear power plants are based on the- defence-ln -depth -safety con-
cept (as outllned in Table 1) requrnng that for each of the four safety levels there are
_measures avallable whrch have to be taken to limit the consequences of a safety rele-
vant event to this particular Ievel in other words, to reduce the. probablllty that the next
- safety level will be affected Accordlng to thlS safety concept wrth rts dlfferent levels,
~ probabilistic reference values can be assxgned - '

3.1 Prevention of Pilot Fires

For the specific scenario analysed the‘safety goals of the defence- in -depth levels 1
and 2 (see Table1) are covered by the main ‘protection goal "Preventlon of Pllot Fires"
inside the cable spreading rooms.. Varrous measures (e. g. for the desugn of electncal
: 'equment to avoid electrical lgmtlon selectlve electncal fusmg, consequent prevention .
of combustlbles admlnlstratlve procedures for preventron of externally available tem-
porary rgnltlon sources, belng potentially avallable) msnde the plant have been taken o
avoid a fire due to electrlc or other causes '

Due to the fact that the database for flres in German NPP is much too small for a real-
istic fire PSA (see also [5]), the fire occurrence frequency for the selected plant loca-
tion was estimated,mamly based on data from US NPP [6] and on additional generic
. .' data from the operating exberience of French and German PWR Taking furthermoret
| the above mentioned preventlve measures into account, the specmc occurrence fre-
quencies for pilot firgs starting in the 1&C: cablnets and for flres startlng dlrectly in the
. cable lnsulatron ‘material were estlmated consrdenng results from fire experrments with
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electronlc cablnets carried out by VTT Frnland [7], [8] on the one hand and human in-

fluence factors in case of malntenance on the other hand

With ‘regard to the occurrence frequency of pilot fires, the analysis revealed the follow-

ing results:
- -for I&C cabinets: -~ <10%/ reactor year, and
"~ for cable distributions: = - < 10"/ reactor year
3.2 :'_ " l‘(:o,n'tro'l of Fires as Design Basis Accidents

' ‘A pilot fire cannot be e'x'cluded'by means of the defence in- depth leyel 1 and 2 safety
'precautlons In case of the occurrence of a pilot fire credit is taken from manual fire ,
. 'frghtmg as: well as trom the statlonary CO,- -gas. fire extmgurshmg system (see also Fig-

‘ure 2) to control the flre Main goal of a successful fire frghtmg with respect to the plant _
N safety is to avord any.- consequences affecting. more than one redundancy group. it was
-therefore necessary to perform in- depth tnvestlgatlons o assess in detail the relevance-
“of the inﬂ_uencing parameters such as the fire development and propagation, steps of

the fire fighting, fire effects and consequential failures of systems. .

The analysis included the modelling of the fire development and propagation as well as
of the consequentlal fire related effects under realistic assumptions denved from the

- plant specmc condltlons

3.2.1 Fire Modelling -

Faor the. assessment'of the-questions arising in the context of controlling a pilot fire in a
cable distribution of the cable spreading rooms the fire event seq_uence had to be ana-
lysed. ’For the's'elected scenario of a cable ignition with a fire propagation to adjacent
cables the temperature m the fire compartment as well as the hot gas layer size had to '
_ be calculated by a fire srmulatlon code. The fire modelling was performed by experts
from a German testlng institution, .the IBMB of the - Braunschwelg Umversrty of
' Technology, in co—operatron with GRS usmg a multi-zone code based on well known
_ heat balance models The empirical models applled in this code hav_e been verified
o generally for the glven apphcatlon (see [9] and_ [10])_..Fdrtherm0re, they are suitable’ in
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principle to determine the essential fire effects (e.g: temperatdre and layer heights of
the hot gas and cold gas layer). In this context, it has to be noted that such models are . -
not able to consider the time period of the fire ignition in a realistic manner. Moreover,
there is a need of verified input data from fire experiments‘_being applicable to the sce-
nario to be modelled. The zone-model calculations have shown that the hot gas tem-
perature as well as the expansion of the released hot gases strongly'deoend on the
' glven input parameters e.g. the speed of the fire spreadmg on cables. To validate and
improve the exrstmg avallable empmcal values for the fire behaviour of PVC cables
from former expenments [1 1] and [12] more recent nuclear specn‘lc cable fire experi-

~ ments have been carried out by iBMB. ‘Table 2 gives msrghts in the results relevant for -

. the in-depth mvestlgatrons in the frame of the presented analysis. The results of the
.experrments are in detalil outl_lned in [13}, [14], [15], [16]. Additional information is given
in [17]. | o

- The'results of the fire simUlation calculations can be summarised as foliows: .

Based on the pessrmlstlc assumption that fallures of cables will occur as soon as the
temperature at the locatlon of cables exceeds 200° C, it could be demonstrated rellably
by the simulations that there is enough time for a successtul fire extmguushlng, mainly
by the manualiy actuated statlonary CO, gas extrngunshlng system.

3.2.2 Probabilistic Event Analysis

The probabsllstlc analysrs of the event sequence focused mamly on assessmg the un-
) avallablllty of the fire extmgu:shrng measures during the pel'lOd from lgnltlon up to the
time of failures in more than one of the two redundancy groups.~

Two scenarios were analysed in more detail, for which the respective event trees had-
to be developed one of these for a fire starting-in an electrical 1&C cabinet, the other
" one for a fire starting in a cable distribution. Due to the additional availability of manual
fire fighting means (first aid fast response frre flghtmg shift personnel as well as profes-
sional fire brigade), on-site, the unavallabillty of the fire extlngulsning' features was.es-
timated to be less than 107 per demand for the first scenario of a fire starting in an
electrical I&C cabinet. For the second scenario of a cable fire starting at the cable: drs— -
trlbutlon only the statlonary extrngurshlng system is of lmportance The rellablllty of
this system has been estrmated by a srmple fault tree.. The quantification is based on
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statistical data from German insurance companies taking into consideration plant spe-

cific conditions, e.g. weaknesses in the construction, and, in particular, the manual .. -

actuation of the extinguishing system. Thus, the unavaiiability of the fire eXtingUishing
measures in case of a cable fire was estimated to be less than 10" per demand.

For all paths of the event trees without a successful fire 'extinguish'ing, a fuily'devel-
oped fire with a total loss of all safety related functions of the equipment affected inside

the fire compartment was assumed.

As a first result of the probabilistic analysis, the frequency for a so-called plant hazard '
state (see [18])‘ represented by a fire with 'prdpagation from' one reduhdancy grdup to
the other causing a eonsequential failure of significant safety :functions (e.9- failure of -
main feedwater and emergency feedwater supply) was estimated to be less than 10'5_

per reactor year.

3.3 - Control of Be_yorjd_Design Basis Accid’ent Conditions . -~

in the unlikely case of a total Ioss‘.of signiﬂcant\ safety. functions due to a fully devel-
oped fire in one of the cable spreadingi roomé, additional equipment not affected by the
fire is available which can be used to ensure thé plant safety. This equipment is part bf 3
an independ_eht emergency system (IES) designed and instalied for'very unlikely ex-
térnal' e\}ents, e.g. an impact t_o-the'"plant resuiting__frdm an aircraft crash. The reliability
 of safety functions required in case of a fully developed fire in a cable spreading room

has been examined in detail for the above mentioned event sequence.

Main emphasis of the probabilistic everit sequence analysis was the quantification of
the’lunav'ailability of an additional eme'rgency feedwater 's‘upply. In case that the emer-
gency feedwater supply is not available a ot of manual p‘roc,edure,s. will be .néeded. The
probability that this feedwater supply is not available during the time period for ensur-
ing the residual heat removal and core cooling has been evaluated considéring in par-
ticular the.human influence factor. The quantification of the human factor was based
~ on an internationally accepted methodology (so-calied THERP method) as outlined in
[19] and additional data on human reliability’ analysis from [20]. A maximum period of
© - 50.or 60 minutes (depend'ing on'diffe'rent.r._esults, of fhermohydraﬂlic calculations) was
éssumed,for thevactuatic')n of the emerglen_cy feédwater suppyly. In this context, it has to '
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be'stated"rhat the 'assumption'ofa ma)'(imum" time lperiod of 50 min 'belng available for
a successful actuation of the emergency feedwater supply is conservative due to the__,

: -recent expert knowledge

The probability that faulty plant personnel activities result in a fallure of the emergency
feedwater supply was thus estrmated as follows:

-~ 10 10 perdemand = incase of 50 min time being available, and

~ 3.4-10"perdemand in case of 60 min time being available.

Main influencing parameters of these: results are the human ‘tasks of correct and
punctual diagnostic and decrsxons Thé unavallablllty of the techmcal system is less_

than 10? per demand.

Considering these values, playin'g ‘a"decisive role for the control of a beyond design
basis fire accident, the core damage frequency for a severe accident was determined

" to be less than 107 per reactor year

3.4 . Resuits of the Uncertainty Analysis

A first rough estimate of the uncertainties of the results influencing the finally estimated
.core’ damage frequency was performed This estlmatron showed on the one hand that -
there are a ot of pessrmlstlc deterministic assumptrons Wthh lead to an overestima- -
tion of probability values On the other hand, the fire occurrence frequencres includes

several unknown uncertamtles

* A detailed uncertainty analysis has been performed on}ly' for the quantification of the

human infiluence factor in case of the actuation of the additional emergency feedwater

‘ supply

-t can be '-reliably assumed that the deviations between the results gained from the
-analysrs by GRS (as mean values) and a 95 % upper bound are in the same range as
“the deviations estrma’red in the frame of other recent PSA
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4 Conclusions

The results of the probabilistic fire risk analysis of the selected scenario of a cable ﬁre."
in a. cable spreading room of an operating NPP designed to earlier standards have
demonstrated that the preventi\/e safeiy o'recautions taken with regard to the fire safety
fulfil their intended tasks in the frame of the defence-in—depth safety for safety related
events in NPP. Furthermore it could be shown "that the core damage frequencies es-
_t:mated are conS|derably lower than the mtematlonally given-[21] probabilistic refer-

‘ence values-for the core damage frequency of plant. internal hazards. .

As a consequence nelther an- lmmedlate demand for correctlve ac'nons nor a funda-
‘mental change in the ﬂre safety concept has to-be required. In particular, the pnonty in

| general given to structural fire protection measures in the German nuclear fire protec- :
. tion stand_afds for the design.of»NPP' should not exclude to take other, additional pro-
" tection me_as_ures'in those plants build to earlier standards where a strict physical sepa-
ration of fedund_ant safety related eduipment_ is n_o’é in any case possible.

“The final assessment did not exclude the optimisation of particular m'easures for risk
m'inimi.sation Considering that these have ’to be well balanced under cost-benefit as-
‘pects. The PSA carried out has given indit:ations. It is strongly recommended to equip
the stationafy fire extinguishing system with automatic actuation devices as well as to
‘protect particular cables in single cases by intumescent coatings: Due to the first -
'measure the rehabmty of flre flghtlng WI|| mcrease the second measure w:ll reduce the . -

" -‘nsk of a cable’ |gn|t|on and a fast fire propagatuon
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Table 1: Defence-in-depth concept

1. Normal Planned Prevention of initiators Operational
Operation Operation : ’ systems
2. Anticipated .
Operational
Occurrences: - :
3. Design Basis Accidents Control of design basis Reactor protection
» : accidents system;

Safety systems

4. Severe Accidents

Transfer of beyond ]
design basis accidents
into safe plant conditions;

Emergency systems; |
Accident
management (AM)

Damage minimisation

Table 2: Fire’ behaVio'ur of Unprotebteq PVC cables . |

horizontal - 25°C | 150 kW yes Jimited
_cable grid : :
horizontal 175 °C o yes - limited
-~ cable tray 200°C | 50kW | 3-4min ~ 3-5cm/min
350 °C’ I < Amin 110- 120 cm / min
| 1.5'min -
control cabl
auw | (control cables) limited
. 12 min
25 °C (power cables). ‘
vertical ' 0.5 min 16 - 30'cm / min
cable tray (control cables) (control cables)
8 min 60 - 240 cm / min
S0KW | (power cables) ~ (power cables)
250 °C 455 | 130- 160 cm / min
300 °C . 40s 360 - 480 ¢m / min




TRPS cabinets

1 & C cabinets {

\ control room

stationary gas (602)

: manual actuation
wall hydrant

extinguishing system & with

§ manual CO,-extinguisher

& automatic fire detection system
- with 17 detection lines

Figure 2: Fire protection features in the cable Spfeading room
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Introduction

Fire protection programs at U.S. nuclear generating stations have received significantly
increased attention in recent years.-In addition, the utility industry and the U.S. Nuclear
Regulatory Commission have been pushing forward with application of risk informed
and performance based fire protection methods. This combination has created a
challenging environment for fire protection program managers and engineering
consultants. The purpose of this paper is to provide the program manager and engineering
consultant perspectives on the application of Probabilistic Risk Assessment (PRA)
methods to nuclear power plant fire protection programs. ’ '

_ The Fire Protection Program at Palo Verde Nuclear Generating Station Units 1,2and 3 is.
", built-around nine fndamental elements. The following discussion presents a brief
description of each element and identification of opportunities and challenges associated
with imple‘mentiﬁg PRA methods. Also provided is a discussion on the fire protection ,
engineering perspectives associated with consultant’s use of PRA methods to justify plant
changes. o T : ' ‘ ‘

Fire Protection Program Elements ’ N
1. Hazards Analysis and Eng_ineel:ing Design

Background - Each fire area containing structures, systems and components important to
safety or representing a potential hazard requires engineering analysis. The analysis
should consider potential in situ (cable concentrations) and transient fire hazards (paints
and solvents), determine the consequences of a fire in any plant location on the ability to
safely shittdown the reactor and maintain it in a shutdown condition and the ability to ..
minimize and control the release of radioactivity to the environment. Based upon the
consequences of potential fire scenarios, engineering analyses. specify measures for fire
prevention, detection, suppression and containment, and considers the effect of fire

~ suppressants on plant-systems. These engineering analyses are typically documented. in
two major engineering design basis documents, which are the fire hazard analysis and fire -
safe shutdown analysis. These documents are in addition to standard design '
- documentation for fire protection systems and features. ' '

The impact of maintaining fire protection design basis documentation can be significant. |
- All plant modifications and changes. to operating practices require evaluation for impact.
Procurement documentation and engineering reviews are required to assure material
‘substitutions are acceptable. ‘ '

Imipact of Fire PRA - If use of fire PRA evaluations are adopted, they would result in ’
- additional design basis documents requiring configuration management controls. .
Transitioning to'a risk-informed fire proteétion program would also require additional -
professional expertise needed for the PRA based evaluations, which would add another
" interface to the en gineering process. However, these burdens could be offset through
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simplification and cost reduction in other areas. For example, traditional safe shutdown
analysis methods require detailed evaluation of plant areas that may not be risk-
significant. Introducing a risk screening may result in fewer evaluations. Benefits also
could be realized through improved understanding of risk contributors and optimizing
design features. -

2. Fire Prevention Activities

- Background - Firc prevention activities consist of control of transient combustible
material, control of ignition sources, and periodic inspections to ensure continued
.comphance with these administrative controls. Control of combustibles and ignition
sources are typically accomph%hed through the ‘work control procese ut1hzmg penmt
authorlzatlons - :

Fire prevention activities can have a large overall impact on productivity and cost. For
example, stringent combustible and ignition source controls can impede maintenance
work and consume operations resources through review and approval of pelrmts The
Fire Protection Program must appropriately balance the level of fire preventlon
pertormance.requlred against the cost and productivity impact of the controls. :

Impact of Fire PRA - A risk informed Flre Prevention Prooram could provide a better
understanding of fire safety contribution on a fire-area by fire-area basis, thereby
allowing the developmient of flexible programs to reduce operational and maintenance
costs. Additionally, fire mitigation measures could be improved. through 1dent1f1cat10n of
risk significant fire areas that would beneflt from enhanced controls. '

3. Inspection, Testing, and Maintenance of Fire Protection Features

Background - At a well-protected nuclear power plant, the collective amount of fire
protection features that must be inspected and maintained is extremely large. Atlast
~count, Palo Verde Nuclear Generating Station was éqhipped with 256 automatic fire
sprinkler/spray systems, 22 carbon dioxide systems, 18 Halon systems, fire detection and-
standpipe systems throughout all permanent facilities and a dedicated firewater supply
‘systemi with redundant 500,000 gallon water tanks. Passive fire barrier features are
extensive, including fire doors, fire dampers and approximately 22,000 fire rated

~ penetration seals. In addition, there 15 a very large amount of manual flreflghtmo
equipment and apparatus

Inspectio'n, testing, and maintenance can be a significant impact on resources. Often the -
care of fire protection features is distributed among several organizations and the
CQI,I_E:ctivé impact is difficult to determine. Frequency of activities has historically been
- based on prescriptive requirements dictated through codes and standards. Often property
insurance standards play a'key role in determining extent and frequency of activities.

‘Impact of Fire PRA ~ Due.to administrative and oversight burden associated with caring
for fire protection features credited for nuclear safety, the cost is high relative to those
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installed for industrial fxre protecuon purposes PRA methods could provxde value in
identifying fire protection fe'\tures that should receive the h1gher level of quality
" oversight.

4. Impairméht and System Status Control of Fire Protection Features

Background - System sta_tus\rand control of fire protection (FP) features must be strictly -
-administrated. In the event FP features become inoperable; compensatory actions, should
be implemented. In the U.S. compensatory actions dre mandatory for FP features '
‘protecting safety related areas and implementation is typically required within 60
minutes. Unique engineering analysis may be required for determining appropriate
compensatory actions for inoperable plant components/systems credited for safe -
shutdown in the event of a fire: Systein status is important during fire emcrgcnmes for -
N eupportmg rapid incident command decxsmns

Typlcally thlS element is the responsibility of unit operations staff and can be complex
considering the amount of testmg and maintenance activities resulting 1n inoperable
conditions. Fire watches are commonly used when passive and active fire protection
features are inoperable. A’ single 24-hour continuous firewatch post typically requircs five
full time workers dedicated to the function. Inoperable plant components credited for safe .
- shutdown in the event of fire require specialized engineering analysis to-determine - h
appropriate compensatory measures. ' . o

Impact of I‘ ire PRA Determining compensatory action 1mplementat10n times would be
a good application for PRA techniques. Firewatch costs can be significant over the
operating life of a plant. PRA techniques could also be useful for providing insights to
determine the type and extent of compensatory actions. Through a better understanding
of which fire protection features protect risk significant areas, prioritization of repair’
resources could be improved. ' ' ' :

5. Training

Background - Training associated with fire protection involves to some extent every
individual at a facility. General topical areas for training include general employee,
_emergency responders, maintenance technicians, operations, and technical staff. More
progressive facilities have integrated fire-induced circuit failures into fire drill exercises.
utilizing the simulator as the active control room. This has allowed the simulator control
room staff to be challenged far beyond the traditional promptmg methods when utilizing
an operating unit control room.

~ Impact of Fire PRA - . PRA insights could improve training through identification risk
significant scenarios and high frequency contributors. Over time the fire brigade and
operations staff would become very skilled at respondmg to the most risk significant
through. focused training.
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6. Emergency Fi_re Respon‘se-.

Baékgroﬁnd - Emergency response typically consists of operations fire brigades trained .

and equipped in accordance with regulatory requirements. A select number of U.S.
facilities have dedicated professional fire departments such as Palo Verde. Although
multiple organizations may share responsibility, most facilities have the capability to
respond to fire, medical, hazardous materials and rescue events. The more challenging
events will involve multrple event responses. .

For U.S. plants, the minimum fne brrgade complemem is five rnembers Fne brigade
members cannot have shift responsibilities that would conflict with the ability to rapidly
. respond to a fire. For operations fire brigades, most operauons persormel require .

'.quahflcatmn trammg In total the 1mplementat10n cost of emergency response 1S high.

Impact of Flre PRA Emergency response capability is con51dercd a basic element of
fire protection programs and is not a likely candidate for PRA-based cost reductions. -
- However, 1mproved understandmg of emergency response performance and re liability
- “assumptions could improve training standards Pre fire planning could be 1mproved '
“through mcorporatron risk insights. - -

e ‘Q_ual_ity ASSurance '

Background Quahty assurance programs ensure that the critical aspects of design,
procurement, administrative controls, mspecuon and maintenance of fire protection

features are available and functional. This is typically accomplished through audits, %e}f—

assessments, corrective action programs and procedural requzrements

Recoxd keepmo can be extensrve to demonstrate compliance wrth expectations. Qual 1ty
assurance requirements impact resources through personnel cost, adding complexrty to
. processes and mcreased cost of materials. : - :

Impact of F ire'PRA - PRA methods could be i;sed to establish-a graded quality
-assurance program for fire protection. Quality assurance requirements could be focused

on risk swmflcant features with the remainder being controlled as mdustrral systems and

equ1pment
8. _' Regulatory Complianee

Background - Ability to demonstrate compliance with regulations and commitments are
a necessary but difficult challenge. The documented licensing basis needs to clearly
describe all applicable regulatory requirements and exemptions/deviations. Changes to-
the facility and the fire protection program 'requiie evaluation to assure long-term
compliance. When noncompliance issues or events are identified, reportability
evaluations are performed which typrcally include determmdtmns of safety sl gmﬁcance
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The impact of maintaining fire protection licensing basis documentation can be
significant as well as maintaining the historical knowledge. Currently most reportability
evaluations are performed qualitatively.

Impact. of Fire PRA - PRA techniques could provide technical justification for cost-
beneficial changes associated with physical plant modifications and procedural activities.
Determination of safety significance of adverse events and noncompliance issues would
be of beneftt when evaluating regulatory reportability.

9. Risk Management’ |

Background “The objective ofa rtsk management program 1s to protect employees,
preserve property and protect corporate assets and earnings from accidental loss. Often
this is accomplished through compliance with local building and fire codes and
insurance. Insurance companies, however, typically establish requirements for all high
value locations regardless of nuclear safety. Insurance requirements can be a condition of
insurability or recommendattons Wthh result in higher premmm payments if not
‘ nnplemented :

_Implementatton of non-mandatory insurance requtrements has historically been a
cost/benefit decision based on judgment. The Fire Protection Program typically does not
have tools to reasonably predict financial loss over the remaining plant life. Fire-induced
plant downtime will justify any and all fire protection modifications. However,
convincing senior management of the present vatue of future fire losses associated with a
spe01ftc event has proven to be dtfftcult at best.

; Impact of Fire PRA - A great opportunity ex1sts with the apphcatton of PRA techmques

~ ‘to insurance standards and establishment of premiums. In a competitive insurance
, market vahd loss predlcttons could create a 31gmﬁcant advantage '

Coﬁiménts on Use and Acceptance of PRA Methdds .

‘There are many opportumttes to use PRA msxghts to focus Fire Protection Program
efforts on those elements or features that have the greatest impact on risk. However, the
use of PRA techniques is not without its own inherent “risk.” From the users perspective
the risk would be-associated with the ability to provide economical solutions that would -

result in a high hkelthood of 1egulat0ry acceptance.

Economics is a significant factor n utility decision making in part due to the changing
competitive market. Often a two-year return on investment is required for facility -
1mprovements when nuclear safety is not a consideration. In most situations, compliance
- with the existing prescriptive regulatory requirements is deemed sufficient te provide an
acceptable level of safety. Therefore, PRA methods would need to be competitive with
existing qualitative methods for application by fire protection consultants. In the event
ruclear safety is in question, freedom to apply more costly methods is increased.
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" Past applications of PRA methods to fire protection have tended to be generalist
exercises. Currently applications are moving much more towards detailed decision (ools.

- This has created controversy in that a large percentage of the industry views PRA

“applications as suppomng the answer and not “providing” the answer. Although the
future shows promise, the perception is that the methods are not mature enough to
independently provide regulatory compliance solutions. :

The U.S. regulatory environment is changing to be more accepting of PRA applications
to fire protection. Unfortunately there is minimal experlence with submittals being
‘accepted. Recent attempts have been met with an extreme questioning response and jon g
duration’s to reach agreement. Untjl there is a common understanding of what will
achieve regulatory acceptance there will be 4 reluctance on the part of ut:hty fire
protection engmeerq to utilize' PRA as a primary tool.

Foundation dat’a for fire PRA applications, such as fire event frequencies, has becn
improving over time. However, much more data is needed to gain regulatory accepmncc
in areas such as component damage thresholds and impact of smoke on component
functionality. The thermal response of nuclear facilities to fire environments requires '
further investigation as it applies to vahdatmg fire models

The final poi.nt 1S con'ss':nsus within- the PRA expcrt community. Participating in the effort
to develop NFPA 805, Performance-Based Standard for Fire Protection for Light Water
'Reactor Electric Generating Plants, has provided great insights regarding how much
agreement exists within the PRA technical community. The experience of the author -
indicates consensus and agreement is difficult to achieve. As a result, it has been cqually
difficult for the fire protection engineers to fully embrace the accuracy and acceptability
of PRA methods. It would seem that there is much more work to be accomplished prior
to PRA methods becoming a routinely used item in the engineer’s toolbox. -

Conclusion

‘Application of fire PRA methods to nuclear power facilities has the potential to provide
great value in the future. Most of the fire protection elements can be improved both from
safety and economic perspectives. However, much work needs to be done to improve
maturity of the methods and establish thresholds of acceptance. In the future as fire PRA

" methods are further developed and standardized, the insight gained through application of
these methods will provide value as a support tool for decision making.
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'OUTLINE OF A PERFORMANCE-BASED FIRE SAFETY DESIGN METHOD OF
BUILDINGS IN JAPAN -

" Takeyoshi TANAKA
‘Disaster Prevention Research Institute, Kyoto University
Gokasho, Uji, Kyoto 611-0011, J APAN '

1. INTRODUCTION

It can be said that fire safety measures of buildings have been controlled, not only in
Japan but also in any other country, basically by the detailed prescriptive standards
stipulated in building or fire regulations. Traditionally, these standards have been
developed by the discretion of so-called “fire experts”. It should be duly recognized that
the safety of bulldmgs against fire have been remarkably improved thanks to such
standards. As a result, fires are not considered as a major societal issue at least in most -
of the developed countries. : :

However adverse effects have been also incurred. That is, the multiplication of such
prescriptive rules have resulted the tremendous ‘complexities in understanding of the
--meanings of the rules, the increase of fire protection cost, unnecessary restrictions on
building demgn% and so forth. Such prescriptive standards are convenient in the sense
that partlcular technical expertise is not needed for designers nor for building officials,

but its serious disadvantage is that they resist to any incompliance however trivial it-
seems from the view point of safety, and thereby discourage the use of mnovatlve
-materlals products, construction technologies and novel demgns

Recogmzm<I such problems and also con81dermg the szgmﬁcant progress achicved in
the area of fire science and engineering, Building Research Institute (BRI), Ministry of’
Constmctlon Japan undertook a five-year project called “Development of Fire Safety’
Design Method of Buildings”, 1982 through 1986. In this project, a peformance-based
fire safety design system was addressed. This system was favorably.received among
building industries and design firms, which may be proved by the remarkable increase
of the fire safety deslgns applied for the approval by Mlnlster of Construction after the
end of the 5 year—prOJect
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Figure 1 Number of Fire Safety Designs Applied for Article 38 of BSL

- Unfortunately, however, the design system developéd in this project was far from
perfect. The most serious drawback is that the system can not yet be independent from -
the existing regulations, in other words, this can only be used for partially rationalizing
the provisions in the Building Standards Law of Japan (BSL). Hence, efforts are still
. continued by BRI and by The fire safety design committee of Architectural Institute of
Japan (AlJ) 10 1rnprove the design system

2. PURPOSE AND PHILOSOPHY

" * Precautions for fire safety in buildings have usually been established as mandatory rules

by the authorities responsible for public safety, and enforced through administrative

systems for building control. Most of -the complaints and pressure from owners or

builders of buildings associated with fire precautions’ arise in connection with the
inflexibility of these mandatory regulations. There is no objection on the necessity to

assure public safety. What is really needed is a design. system which allows more

flexibility while assuring the safety equivalent to the existing rﬁ‘:gul'ations,

In general, the requirements of a mandatory regulation are supposed to be restricted to
what are absolutely indispensable for public safety -and welfare since the abuse of -
" mandatory rules may induce the danger of violations of basic human rights. The fire
~ safety design method was intended to be.a design system which can be used as an
. -alternative to the existing BSL. Thus the design system should be. equxvalent to the Law.
This means that the objectives and levels of safety of the design system. must be '
- basically the 'same as those required by the BSL, in other words the reqmrements in the_
de31gn eystem are mlmmum ’ : :




On the other hand, the design method must be different in some respect from the BSL 10
allow more flexibility in building design. This is intended to be achieved by the
objective- -based structurc of the design system and mtloductlon of performance
standards.

3. STRUCTURE OF THE DESIGN METHOD

A major part of the rigid nature of prescriptive provisions is caused by that they do not '
explicitly disclose what their purposes are, what scenarios of fire they assume and what
level of safety they intend to be attain. What we had to do was to analyze the BSL, its -
" related government orders, MOC orders and other related documents to identify what
the prescriptive provisions mean. The objectives and the functional requirements for fire
safety of buildings were thus identified. And the' technical standards for verification of
: comphance were developed in view of equlvalence to BSL prov151ons and ﬂex1b111ty

. 3.1 Objectives :
According to the analyses of BSL and the other lelated documents the ob]ectwes of the
fire safety provisions of BSL are considered to be as foHows
(1) Fire Safety of Individual Buildings '
(1.1) Prevention of Fire - : .
- (1.2) Exclusion of nghly Hazardous Substance C
(1.3) Safety to Life ‘
(1.4) Prevention of Damage to Third Parties
(1.5) Assurance of Fire Fighting Activity
(2) Mitigation of Urban Fire

3.2 Functional Requirements

The functional requirements are the description of the means specifically designated to
" each of the objectives to achieve their goals. Let’s take an eXample of the functional -
reqmrements for objective- (1.3) Safety.to Life. Although essential means for life safety -
may ‘depend on type of hazards,it has been considered as 1ndispensable to provide
buildings with adequate means of escape for the safety to life in case of fires. It can be
said that the means to assure life safety are virtually speciﬁed only to assure safe
evacuation, This common practice certamly has a good reason considering the nature of
building and building fires. :

* A number of provisions can be found in the existing regulations regarding the assurance
of safe evacuation, which may be interpreted and consolidated into the functional
requirements of which items are as follows '

(1.3) Safety to Life - :
' (1.3.1) Evacuation planning
(1.3.1.1) Plans prepared in advance -
.(1.3.1.2) Plans include all potential occupants -
(1.3.1.3) Plans consider all important bulldmg uses -
'(1.3.1.4) Plans are practicable .
(1.3.2) Restriction on the use of certain materials
(1 3. 3) Assurance 01" safe refuge
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(1.3.3.1) Adequate refuge(s) provided
" (1.3.3.2) Location of refuges
(1.3.3.3) Safety of refuges .
(1.3.3.4) Appropriate condition for staying
-(1.3.3.5) Alternate refuges depending on fire location
(1.3.4) Assurance of safe path of egress -
(1.3.4.1) Assurance of at least one available path of egress
(1.3.4.2) Exits are clear and continuous
(1.3.4.3) Proper capacity and design for egress movements
(1.3.4.4) Exits are safe from dangers due to fire
(1.3.4.5) Special protection for unique circumstances

- A definition is given to each of the requirements. These are the verbal manifestation of
- the principles for fire safety of buildings. ‘

- Likewise, functional requirements are given, together with their verbal definitions, to
. the other objectives. It is these principle statements that provides the grounds for
- physical provisions to be imposed, so they must be.considered as the reflection of the
~ agreement within the society of interest on the fire safety of buildings. It-is vital for
smooth operation of the design system that whatever is indispensable must be disclosed
here and whatever provisions must not be imposed if not based on any of the

- requirements explicitly stated.

3.3 Technical Standards for Verification of Compliance

With only verbal statements, it is impossible to verify if a specific design of a building
meet the requirements. It is necessary to provide each of the requirements with the
technical standards which unequivocally indicate what are physically required for the
building. These technical standards play important roles to determine the level of fire
safety of buildings. There is no denying that the safety requirements, but this does not
mean that the reanirements are ahgnlite Thev are ennnnced tn he maore or less relative
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3.4 Performance Standards » L _ |

In principle, the technical standards have to be given in terms of measurable or
calculable values. In this sense, it can be said that both specification standards and
performance standards are eligible as such unambiguous standards. However,
specification standards inherently have the defects of stubbornness, so in view of
flexibility it is desirable that as most as possible standards are performance standards, -
although at this moment it is, to some extent, inevitable to use other type of standards
such as specification and deemed-to-satisfy. - ' - ’

The key clements of the performance standards consist of design fires, safety criteria '
and fire models. These respectively correspond to design load, allowable stress or strain .
and structural calculation methods in structural design system. ' ’

3.5 Design Procedure -~ - . o , o

" The fire safety design procedure based on the performance standards will be ‘basically
the same for any requirement, which is illustrated in Figure 3, although specific
standards and the relevant fire models are different. depending on the specific
~ requirement. This procedure is actually the procedure to verify the compliance of ‘@ = -
design to the requirements. A building has to clear specified safety criteria under
‘specified fire condition. - _— B R S ‘

START )

Building Fire Safety Design

__ | Design Fire Condition

<
y

| Prediction of Impact of Fire ' Fire models
“1. under Design Fire Condition - - Fire tests

A

Satisfy Safety

Criteria 7 “Safety Criteria

Figure 3 Fire Safety design Procedure Based on Performance Standards
4. CONSIDERATION ON SAFETY LEVEL -

‘4.1 Acceptable Safety. R e .
It follows' that the  level of safety, in other words, the level of compliance to the
requirements is determined by the combination of the corresponding design fires and
safety criteria, Higher level of safety can be attained by. imposing severer design fires
and/or stricter safety criteria. . . : :
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The design fire should include not only fire size but also pertinent scenarios: Even
“though the size of fire is the same, whether doors are open or not, for example, will
make a significant difference in fire dynamics, hence safety to life, properties etc. What
is important to stress is that probabilistic aspect of fire must be embodied in the design
fire so that compliance verification can-be performed with a minimum number of
deterministic calculations. Otherwise, it ‘will be practlcally 1mp0551ble to operate a
perf ormance based design system . ,

‘The Connotation of a design fire is illustrated in Figure 4, where the design fire is
expressed by size of fire for simplicity. The solid line stands for a conceptual probability
of fire incidences versus the size of fire. Statistically, like many other accidents, small
size fires break out fairly frequently, but the larger the size of fires the less frequent their
~occurrence. The essential role of design fire is to require. such fire safety measures that
‘can cope with the hazards represented the design fire. The implicit premise is that the
hazards which might be caused by fires smaller than the desxgn fire are removed by the .
~safety measures as amatter of course. X -

Conceptual distribution
of fire occurrence -

Residual risk

Risk to be remove
10 be tolerated

by fire safety measure

~ Likelihood of Firey Ocqurrénce Y

Size of Fire —» Design Fire Size
Figure 4 Connotation of Design Fire

4.2 Equlvalence o Ex1stm0 Code
Naturally, an extent of residual risk remains, in other words we have to accept that the
safety is no longer assured in the event a fire exceeding the des1gn fire happen to break
out. The residual risk and the expected loss due to fire may be decreased by setting a
severe fite condition as the desi gn fire. But it will in return result the increase of indirect
loss such as cost of fire protection and inconvenience in normal use. Theoretically, the
desirable design fire will be such that minimize the total of the expected direct and
indirect losses. Practically, however it is next to impossible to estimate the total cost.
- Also, in reality, safety cost in general tend to be determined based on the risk perceived
' by people rather than the risk actually exists. On the other hand, people in the countries
where fire loss is stable tend to accept both the fire loss and the cost for fire' safety -
‘measures which- are controlled by the cumrent regulations. In fact, nothing is more
- legitimate as the expresuon of societal agreements on acceptable fire risk and cost than,
the existing regulations in the countries. Therefore, the demgn fires -should be so-
determined that the level of safety attained by the existing fire safety regulations can be
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reproduced by the fire safety designs based on the performance standards. Note,
however, this does not mean that the same prescriptions as the existing provmons be
retained but means the same level of fire safety performance be assured. ‘

" 4.3.Consistency of level of safety
Accepting a certain degree of residual risk 1mphes that we have the expected loss by ﬁre
during the life time of a bu1ldmg E given by ’

. E P fire pfmlLdamageYIu . - . (1)
where P, is the probability of fire occurrence in the buﬂdmg per year, p, is the

probab1hty that the safety measure fails in the fire, L, is the loss caused by fire -

lamage

. when-the:.safety measure fails and Y, is the life-year of the building. 4

ife

As an example of application of this concept let’s consider required fire resistance of a
structural element on a floor of a multi-story building. For simplicity, we assume that .
the floors upper than the fire floor must be abandoned when the structural member
~ collapsed-by the fire broken out on.the floor. In this case, pnly the fully dcveloped,
: (ﬂcmhed over) fires become i issue, o we can nor mally expect that

Pflre p[AFLR’ P fait = ProP vie» L({amaqt =NApr - (2)

-"where .p’; ;18 fire oceurrenee probablhty per unit floor area, An g 1S the floor area, which
is assumed to be the same on any floor for SlII’lphClty, Pro is the flashover probability,
P yiew 1S-the probab1hty that the structural membel yields by the fire exposure, N is thev
number of floors above the fire floor. ‘

Analyzino the previsions in the exi%tino regulations, it is probably true that the
regulations stand on the premise, dlthough implicitly, that the expected loss of fire
should be the same for a building with" any height or size. That is, if con31der1ng two

. dlffelent bu1ld1nﬂs here it follows from Eqn, (1) and (2) that - -

. or

pprONAIIRYllfep_\'tel(l pj p[‘ONAnRYI’f"p):eId ’ L (3)
(T B YT Y A V(P |
o f Pro’ FLR life
© Pyield T 5 | —. P yietd @)
Py Pro AN ) Ape Vi '

This equation imply that the probability of yield of the structural members should be
smaller for the building having occupancy with higher fire occurrence probability, more
stories, larger floor area and longer life time. Incidentally, Canadian statistics indicate
flashover probability is reduced to about 1/4 - 1/5, hence p f01 sprmklered bmldmg%

- can be 4 - 5 times larger thdn unsprinklered buildings.

'Although the provisions on fire resistance in the current regulatlom seem to empmcally -
reflect the relation of Eqn.(4), clearer recognition of this relationship will be beneficial
for establishing a more consistent standards. The right hand side of Eqn.(3) may be
considered to correspond to a reference conditions. Therefore, if we can identify the

- reference conditions of buildings with one hour fire rating, for example, and find ;\'ic[(i ‘
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for the-case, then the allowable y1eld plobablhty can be ratxonally determined. In
addition, if some statistically-based fire load density distribution is avallable the
probability can be interpreted 1o the remdua] risk when a fire load density is prescribed
as the design fire condition. -




A REFERENCE FRAMEWORK FOR THE DEVELOPMENT AND DOCUMENTATION :
OF HUMAN RELlABILITY ANALYSES FOR FIRE PSAs

Benito Gil & Javier Yilera
Consejo de Seguridad Nuclear (CSN),

Justo Dorado 11, 28040-Madrid, SPAIN

INTRODUCTION

 Within the framework of PSAs human rehablllty analyses are a systematic process for ~
analyzing actions performed, or which might have to be performed by people working in a’

nuclear power plant. This process enables potential.human errors influencing nuclear safety to .

be identified, analyzed, described, modelied and quantified. The influence of the human being
on risk is due to errors which may lead to the reduction of safety system availability, may
give rise to incidents, may lead to incident progression not being mitigated or even to incident
conditions worsening. Human error is taken to mean any human action performed outside
external tolerance’ margins deriving from the success criteria established. It must be stressed
that the concept of human error in the PSA context explicitly shows the human being as a
possible direct cause of failure in a certain action, but this does not imply that the root cause -
of that failure is also. necessarily of human origin. This is why the concept of human error
~within the PSA framework is not univocally associated with the concept of human being
culpability. A detailed analysis of these so called human errors is what determines whether
the root cause can be attributed to the nuclear power piant staff or to other factors, e.g., the '
design of the plant and control room or local panéls, the operating procedures, the work
share-out between members.of the Operating Shift, etc.

Human rehablhty analyses to be performed in a certain PSA depend on |ts scope. ln
this context, human reliability analysis for level 1, level 2, for full power or shutdown:
- operating modes, for fires, floods, etc. may be spoken of. In each case there are features
differentiating the scenarios which force particular ‘considerations to be adopted in the
~ analysis methodology. The situation as regards human reljability methodology adequacy and
homogeneity becomes'more uncertain when human reliability analyses are applied that have
been undertaken for other PSA. scopes. The reason for prepanng this document: rssues from .
the latter consxderatlon ' : :

The aim of t’his‘document is to-formalize or systematize human reliability analyses as included -
in' probabilistic fire analyses. In this document, a reference framework is being set forth from
~ which .the human reliability analyses for fire events are developed in a structured ar'nd‘
* systematic way. This is therefore an effort to rationalize and formalize an' activity with which' -
it is intended to define and adopt terminology and establish’ a-‘use_f'ul and ‘valid analysis




'scheme. The scope of this document does not cover the development of an actual "analysis
methodology” itself, since this concept involves not only establishing that- reference
framework but the specific proposal for valid analysis methods. The topic of human error
dependencies has been not addressed for the moment. : :

_ A fire in a:nuclear power station may cause some initiating event, such as reactor and
turbine trip, loss of offsite power, etc., an additional damages to safety related equipment. In
keeping with this feature, considerations as grven in this document have been structured into
two main parts. - :

_ The first part (A) tackles human actions that should be undertaken to mitigate a fire.
That is to say, -those actions related to fire fighting tasks which would involve both Operating
Shift staff and, very particularly, members of the Fire Brigade.

_ The second part (B)- discusses those human actions which should be undertaken in
response to the initiating event which a fire itself mrght possibly give rise to. Such actions
~ should-be taken by the Operatmg Shift staff and display differences to those as modelled in
'~ the mtema! event PSA. These - differences in fact derive -from damage caused by the fire
which, through reducmg the availability of mitigation systems, will complicate the Shift's
. work in managing .the - mmatmg event. Human actions which, either -on their own or. in -
" combination with the: fire, could glve rise to an initiating event are also dxscussed

) In the first part (A) on "Human actions in response 10 the fire event”, the first four-
'.'sectrons include termmology, defrmtlons and considerations on each of- the four general
: ',phases into which the plant staff's response to the fire can be subdivided. That is to say, on
the fire detection, the fire diagnosis, the selection of the fire fighting strategy and the fire
suppression itself. The fifth section considers the time. range of the four phases mentioned
and, finally, the sixth section discusses the influence the fire may have on.successfully
performing the previous phases. ~

The first two sections of. the second part (B) regardmg "Human actions generating and
'respondmg to the initiating event" include termmology, definitions and - considerations on .
- various types of ‘human actions modelled in the internal -event PSA that should be reviewed
when addressing fire events. The third section makes consrderatlons on the influence the fire

' may have on such actions.

A) HUMAN ACTIONS IN RESPONSE TO THE FIRE EVENT

' This section addresses human actions which should be. undertaken to extmgursh the
fire. That is to say, those fire extinguishing. task related actions whrch would involve both the
Operating Shlft staff and, most partrcularly, members of the Fire Brigade.

Successful fire extrngurshmg calls for the four general plant staff response phases
(detectron diagnosis, strategy selection and suppression) to be successfully carried out. In
addition to the correct performance of each phase, they must all be performed fast enough so
that the fire is suppressed before damage occurs to certain equipment, i.e., before a certain

- propagation time estrmated by fire simulation codes has elapsed. In short, it must be
' consrdered that failure in fire -extinguishing would always occur provided that either detection
or dragnosrs or extmgurshmg strategy selectlon or fire - suppressron were to fail, or provided
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that the time taken in performing the four phases were too ong, i.e., !dnger than the time
available. ‘ : : _

It could be assumed that sooner or la‘terldetection, diagnosis, strategy selection and
even fire extinguishing would always. be performed since, in the last resort, the fire would
extinguish itself when combustible matter were exhausted, whereby the probability of failure
for each of the four phases could be nil. This is where the time factor is important,
invalidating the previous argument since, when faiiure in detection or diagnosis, etc. is
mentioned, it is being implicitly assumed that ‘it is a matter of estimating the probability of
gach of these four phases failing before a certain amount of time has elapsed. That is to say,
for example, probabiiity of failure in detecting a fire before 20 minutes have elapsed since it
began. ' :

In view of the fact that the fire progression in time is diyided'into several growth-
stages (associated with progressive equipment damage) in a probabliliStic fire analysis, it will
. be necessary to undertake an analysis of each of the phases of human response to the fire as

well as of their performance in the time available, for each of the time intervals deriving from
“the growth stages laid down. : : ‘ o

~Moreover, it must be pointed out that humanresponse in.detection and hand-
'extinguishing phases may be combined with automatic actions, if there were any, from the
Fire Protection Systems (FPS). This fact, which r‘nu's't, of course, be taken into account in the
analysis, is not exhaustively described in this document. Nevertheless, some considerations
are given inasmuch as automatic actions may determine or -_inﬂuenée human response.

1. FIRE DETECTION

" Detection represents the plant staff ability to perceive or become aware of an
anomaly, i.e., the ability to observe a symptom.'indicating that something is outside the
normal operating conditions. This concept does not therefore include diagnosis or
“identification of the reasons for.the anomaly, which forms part of what has been called the
second fire response phase. C N : : ' : -

The‘re are generally muitiple mechanisms which would enable the plant staff to identify
a fire related anomaly. Naturally, the 'applicability of each of them to a specific plant will
~ depend on the particular characteristics of its design and its operating features. Mostly, there
are different combinations of detection mechanisms, depending on fire areas. The most usual
- detection mechanisms are classed and described in the following paragraphs.

1.1 Direct detection
This is defined as those detection mechanisms which enable a plant’s staff to become
- aware, at practically the same time as the symptoms indicating an anomaly are detected, that
the most probable reason for such is a fire. That is to say, the symptoms detected are clearly
representative of a fire.- The subsequent diagnosis phase is” simplified with these direct
detection mechanisms.- : o ' ’ o '
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1'1‘1-, Automatic:

Direct automatic detection conS|sts in anomaiy symptoms belng percelved by the
Operating Crew from signals on Control Room paneis

a) Ftre Detection Subsystem alarms, belonging to the FPS, such as fire detectors (smoke,
thermal, etc.) in a g»ven fire zone.

b) Fire Suppression Subsystem alarms or indications, belonging to the FPS, such ' as
automatic fire water-pump start, automatic discharge of CO:z or Halon, etc.

This is caHed automatic detection inasmuch as SIgns automatrcally generated by plant
systems intervene in part of the fire detection process :

_ Nevertheless successful detect:on from the hand extmgurshlng pomt of view. requires
-the chain of automatic FPS actions serving for the crew to detect the anomaiy (fire
detectors, alarms, pump status lights, etc.) to- work, correctly and the crew to become
aware of or peroeive such signals. It is easy t'o foresee that situations may arise wherein, if
an automatic fire' suppression system does not' successfully fulfil its mission due to a
failure in the _associated -fire. detection;: the ‘automatic detection on the part. of the
operating,.crew may also fail t'rou'gh not availing of signs warning of the. anomaly. That is’
to say, total dependency _may arise between the automatic fire suppression system
- actuation and the operatmg crew response as both depend on the automatlc flre detection
equipment. : ' :

Moreover, the detection time will depend on whether the plant is stable for a certain
_time without an initiating event being caused by the fire or whether almost simultaneously
to the fire starting a reactor trip is induced. In the first case, detection time would be
slightly longer than the time elapsing from’ the fire starting to the automatic signal being
given {(when sufficient concentration of smoke in the area is reached or sufficient
temperature or the FP pump starts up, etc.). In the second case, detection time for an
anomaly wou?d be the same as the tlme for the mltlatmg event. ansmg

1.14.2 Human;detec-t'ion'

Direct human detection consists in plant staff located in areas close to the fire origin
detecting signs of fire {smoke, smell of burning, etc.). It is .called human detection in-
asmuch as the anomaly detection process entirely involves people, with no direct.
intervention of automatic signals generated by plant systems. :

1.1.2.1 Through human presence

Direct human detection_‘ through human presence means observation of fire
effects or symptoms by plant staff working in areas close to the fire location. There is
a certain probability for such areas being occupied by plant staff when the fire occurs.
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1.1.2.1.1 Through human presence in the fire's area of origin.

In this case, the pilant staff would be in the room. where the ﬂre starts.
Although fine differences must be made as a function of the size of the fire -~

- area, of the fire obrigin (cabinet, cables, ‘etc.) and ot the fire growth stage,
deétection time is usually very short by this way.

1.1. 2 1.2 Through presence in areas to where the fire effects spread.

~ In this case, the fire would be detected. by plant staff who would not be in the ‘

" area’ where the fire breaks out but would perceive some sign of it, such as
smoke, noise, etc. The most significant difference compared to the foregoing -
case is that detection time will be longer.-For example, to give credit to smoke
detection, it would be. necessary to estimate the time elapsing until the. smoke
spreading from the fire origin reached minimum levels of concentration which a’
hurnan bemg could detect ina nearby area.

1.1.2. 2 Through patrolhng . . )
Direct human detection through patrollmg mvotves plant staff as bundmg '
attendants, supervisors, etc. perceiving signs of fire when accessing the fire's area of
origin. or areas -where its effects have spread as a result. of performing their
surveillance tasks as laid down in proceduree. A : :

1.1.2.2.1 Through patrolling the fire's area of origin.

In this case, the actual room where the fire broke out would be included in the
patrol programme. Although fine differences could be made as a function of the .
size of the fire area, of the fire origin (cabinet, cables, etc.) -and of the fire .
growth stage, the assumption of the average detection time usually bemg ’
shghtly ionger than haif the tlme between patrols could be made.

1.1.2.2.2 Through patrolling areas where the fire's effects spread.

- In this case, the fire would be detected by patrol members who would not be in .
' the fire's area of origin but who would perceive some effect such as. smoke,
noise, etc. when passing through propagation areas. Although, like in the
foregoing cases, fine differences could be made with regard to the size of
. -.areas, the fire origin and growth stage, this detection. mechanism would have
- . an associated lag time equal to the time elapsing until smoke spreading from
the fire origin reached the minimum levels of concentration in propagation areas
that a human being could detect plus half the average time between-patrols.

1.2. Inditect automatic detection

_ This is defined as those_ detection. mechanisms such that the Control Room Crew
“would observe signs indicating an anomaly in the plant-which.would not lead them to directly
thmk they . were being caused by a.fire. These mdtrect detectlon mechanlsms mvo!ve a
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'vS|gn1ﬁcant gap between detectlon and d:agnOSls phases due to the anomaly detected not

necessarily having to be representative of a fire situation. An immediaté or obvious relation

between the anomaly detected and a fire cannot be estabhshed Consequently, ‘the
subsequent diagnosis phase will be more complex. '

1.2.1 Through generation of an initiating event

This indirect detection mechanism involves Control Room Crew detecting an anomaly

when an initiating- event caused by a fire occurs (e.g., a reactor trip). The anomaly
detection time would be the same as. the time elapsmg from when the flre started to the
initiating event: occurrmg :

1.2.2 Through damage to equipment

~ This indirect detection. mechanism involves Control Room Crew detecting an anomaly
when the fire begins to damage plant equipment even though an initiating event had still
not been generated. The anomaly detection time wouid be equal to the time from when the
fire started to the first equipment failure alarms occurring. Successful ‘detection requires
‘both correct functlonlng of -automatic damaged. equnpment s:gnals {alarms, status lights,
etc.} and the crew to become aware of’ such S|gnals : -

‘2. DIAGNOSIS

Dxagnos:s is the second general phase into whxch the plant staff response to a flre can
be divided. The diagnosis phase can be divided in turn into 2 subphases. The first represents
the diagnosis of the fire itself and the diagnosis confirmation, and the second the

identification of the area affected or the fire front. Naturally, as was indicated when
discussing detection mechanisms, there may exist ‘a remarkable dependency between this
phase and the previous one, pamcularly between the use of dlrect detectlon mechamsms and ‘

. the flre diagnosis subphase.
o241 Diagnosi'ng the existence of a fire.

"This represents the planf staff’s ability to relate or associate anomalies they have
detected during the previous phase with a fire' before a certain time has elapsed.”

v'-.lf detection is direct automatic, a final diagnosis (that there is a firei will be made
directly from the Control Room or confirmation of the diagnosis will be requested by sending

.a person to the area where the fire might foreseeably be located, depending on the accuracy
with which alarms activated or Control Room signals enable the event to be diagnosed and
the plant operating practices. The diagnosis will take a certain time which shall be-increased if
making conﬂrmatlon is also a normai practlce

i 'detection‘ istdirectf human (through human .presence .or through patroliing}, the

‘ diagnqsie subphase is Qenerany contained in the detection phase itself.




If detection is indirect, the diagnosis process will generally be much more complex
than in the other cases since an analysis must be made of the mental process 'Ieadihg the
“control room crew to deduce there is a fire from'the signs detected, which, initially, are not
directly relatable to a fire. In addition, it is clear that, apart from a preliminary diagnosis which
might be made from the Control Room, a local confirmation of the diagnosis will always be
necessary in these cases. This will imply that diagnosis confirmation time will have to be
added to diagnosis time. In cases of automatic detection, whether direct or indirect, the first
signs of anomaly due to a fire could appear in the Control Room in a short time interval,
together with signals indicating an initiating event caused by the fire. It would seem logical to-
assume that in these cases, the control room crew would firstly manage the initiating event
for stablhzmg the plant, and, after some time, take up the diagnosis subphase of the cause of
the anomaly signals {fire) which it had detected in the Control Room. This would be an
additional time, generally longer when detectlon is indirect than direct, to be added into the
diagnosis subphase performance time estimate.’

22 Identificat‘io’n of the fire location

~This represents the plant staff ability to identify the area and, more specifically, the
fire fronts before a certain time has elapsed. That is to say, in addition to detecting and
diagnosing-a fire, it will be necessary to identify its location. This identification subphase
. proves indispensable for selecting the extinguishing means in the. following phase.

In some situations accurate identification of the fire fronts may not be necessary, and
identifying the area would be enough dependmg, for instance, on the avallablhty of flxed
suppression systems (like spray nozzles) which cover the whole area.

"The fire area and speciﬁc origin will'be located, when possible, by making use. of
alarms and indications: available in the Control Room, but usua!ly local observation will also be
done.

Whilst the detection and diagndsis are undertaken mainly by the Control Room Crew
(or other plant staff in the case of direct human detection), after the fire location subphase,
- members of the Fire Brigade would now act;vely participate in fire ﬁghtmg, coordinating their
activities with Operatmg Staff members. In fact, for this subphase, they would be expected
-to receive information from the Operating Staff on the facts of the matter and the foreseeable
fire source. As.from there, the Brigade would move to the area where the fire is expected to
be or to adjacent areas to confirm the fire front and decide ‘on extingyishing means.

For this subphase to be successfully performed from the point of view of Control
Room actions (if there were any), it will be necessary for the alarm and indication sugnals to
work correctly (some of which might already have been modelled in the detection phase)
well as for the Operating crew to correctly work out the fire location from them. Naturany,
the probability of this deduction being a success or failure will very much depend on the
detection mechanism used. In the same way, for this subphase to be successful from the
tocal observation standpoint, the most important thing will be to analyze the feasibility of
such observation as a function of the origin, of the fire area and of the fire growth stage. The
issue of feasibility in performing the actions as a function of the fire effects (smoke, heat, -
etc.) begms to have a significant impact, since from this subphase on there may be many

" local tasks performed by Fire Bngade members.

S
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- In analyzing this subphase, it is importantto bear in mind the plant operating practices .
with regard to the staff'response to fire situations. Both the written precedures available if
_used (Fire Protection Manual, Alarm Book, Failure Instructions, etc.) and the training received
for facing these situations must be considered here.

in short, the probablhty of ‘error in this subphase will be determmed by the manner of
identifying the flre focation. : :

~ Likewise, this will all invelve a certain time used in performing this phase for each fire
orlgm mcluded in the analysis.

Finally, it is stressed .that the importance of analyzing this subphase and its .
consequences for the fire fighting strategy selection phase can be. well appreciated in certain -
scenarios. Thus, in fires producing and spreading abundant smoke, multiple concurrent smoke
detector activation may occur which may hinder accurate fire origin location. if the fire front
is not accurately identified, suppressxon agents may well ‘be used in areas where they are not
“really needed, with potennal damage from sprmkhng or flooding equ;pment Wthh :mt:any,'j
would not be dlrectly threatened by the fire. - '

N 3. SELECTING THE FIRE F!GH.TING STRATEGY

. It represents.the ability. of the plant staff.in charge of fire ﬁghfing to decide on the
"most suitable extinguishing'means and manner before a certain time has elapsed. : ’

In general depending on the fire areas, nuclear power plants avail of automatic and
manual fire suppression systems. The scope of this document does not include any '
discussion on the automatic operation of fire suppression systems but only on hand operated
_means.’ Therefore, though logically the impact of automatic fire suppression system operation
v‘should’ be taken into account in the human reliability analysis, this section intends only to
discuss how the Operating Shift or Fire Brigade staff would decide .on what extinguishing
means to hand Operate for putting the fire out and how to perform such extinguishing:
operatlons : :

" Amongst hand operated extmgunshmg equipment; we have automatxc systems whlch
elther through the fire detection being unavailable or failed, may not operate automatically
but could operate on manual demand. There are also typical hand operated systems such as
water hosepipes and portable extmguxshers ‘

The manner in which fire fighting would be performed with the means available will -
be influenced by several factors such as type of suppression means in the fire area and '
surroundings, access routes . to the area,. availability of protective clothes, breathmg
equipment, fire growth stage, etc. ' "

In any event, an analysis will be necessary since, depending on the system strategy
chosen to suppress the fire, it will be deduced whether the means available are the most
suitable, whether ‘all or only some of the fire area equipment would be damaged: during
extmgu:shnng {for instance, operatlon of permanent systems covering a ‘whole area when the
fire source'is Iocated only in one part) and the lnﬂuence of the fire effects on F:re Brlgadev
‘members etc. : :




In short; the selectron of a strategy " wilt be mfluenced by knowmg the type of fuel
'e><|st|ng in the area, the extmgunsh:ng systems available, equipment in the -area not damaged
by the fire but which could be  damaged by the extinguishing systems, .etc.  Another
important factor in estimating success in choosing adequate fire fighting strategies is Whether
* such strategies are consmiered in procedures and dnlls at the ptant or not.

_ _ Therefore, it is important to anah/ze “and estimate the probability of plant sbtaff
choosing the right fire fighting strategy. This process will be influenced by the detection and
diagnosis mechahisms used in the two previous phases.

“ Finally, the average time ‘taken in performmg thrs phase must be estimated for each
fire scenario. o : :

4. FIRE SUPPRESSION EXECUTION

~ Fire suppressron execution represents the abxhty of the plant staff m charge of such
mission to. exttnguxsh or at least control a fire (stop it spreadlng) before a certam time hasj
elapsed. It may fail through either failure of the extinguishing equipment or staff errors in their’
actions, such as wrongly pressing start-up push buttons 1mpOSS|b|hty to access components
‘which must be operated etc. :

, FinaHy, the average time _necessary. for performing this phase' must b‘e'es'tirhated.
_Naturally; this average time would be different depending on the development stage of the
fire being analyzed (degree of growth reached), on fuel existing, etc. ' ’

5. PERFORMING IN THE TIME AVAILABLE

Successfully extinguishing a fire will call for the four general phases discussed in’
foregoing sections to be successfully fulfilled. This is'a necessary but not sufficient condition
for ensuring success. The reason lies in the fact that, apart from correctly performing each
one, they must all have been. overall .performed sufficiently swiftly so that. the fire is
" controlled before the available time estlmated by fire propagation calculations has elapsed. In
short a correct but oo slow response also implies failure in extmgurshmg a fire. '

Cohsequently, this factor is being used inh an attempt to measure the probability of
failure in extinguishing a fire on the basis of time considerations only. This probability of
failure would basically be conditioned by the quotient between the time available for
extinguishing the fire (understood as being the time elapsing from the fire starting. until
reaching a certain growth or damage' stage) and the sum of the average trmes used m
performmg each of the four phases described above :

6. FIRE INFLUENCE DN PLANT STAFF FIRE FIGHTING ACTIONS

Up-to here, human actions a plant s staff would perform in response ‘to a fire have
 been discussed and broken down into the phases and jobs comprising them and errors which-
would_ lead to- such response failing have been pointed out. Obviously, these human actions
- will be influenced by performance shaping factors which have been traditionally considered in
~human reliability studies in PSAs, i.e., through the guality of experience/training, the quality
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'of the man- machme lnten‘aces, degree of stress;-etc. But, in ‘addition, and this is a very

"7-31gn|ﬂcant dlfferentlatlng factor between human reliability . analyses for internal initiating

‘events and hazards, the probability of these human actions being successful will be
determined by performance shaping-factors or very peculiar considerations of fire scenarios.

In' view of their potential impact on risk, these factors or considerations must be
analyzed. The following sub-sections describe the three deemed most important. ’

6.1 lnfluence of equipment losses

_ Equrpment and components the plant staff would need to adequately respond to a fire
“itself during some of the four. response phases may be left unavallable by the fire or by
actlons of plant staff in fire flghtlng :

_ _ These are items required by the Operatmg Staff members of the Fire Brlgade, or both :
in performlng thelr jObS

Examples of equnpment and components that mlght be neoessary, and which a flre or
plant statf might affect either directly or through thelr ‘associated cables or support’ systems .
would be: alarms, instrumentation channels status - lights, . controls, lighting system,
.communications systems, area access caontrol. system ventilation systems electric suppiy to
: eqmpment like, for instance, Control Room cabinets, FP doors, etc. In differentiating bet-
- ween the four plant staff fire response phases some of the main problems ansmg in each one
‘as'a result of these damages wotld be: :

Detection: Except for the case of direct human detection in which this issue
would have no -impact, at least losses of alarms, instrumentation channels . and
‘component . status lights or any other components crednted w1th bemg a detect:on,
mechamsm should be taken into atcount. ' - '

, Diagnosis: Losses of alarms, instrumentation channels and component status
llghts should be taken into account. If diagnosis confirmation were necessary and in
order to ldentlfy the fire frontslocally, posslble losses of. lzghtmg, communlcatlons and
the access control system should also be taken into account

Selecting the fire fighting s_trategy: Although the fire would not be envisaged as
affecting the FPSs, because of the actual design of the Fire Protection Systems itself,
 nevertheless, this possibility should not be directly excluded without further analysis.
" Situations of this kind could lead plant staff to choose fire fighting means which were
in fact unavailable: Likewise, possrble difficulties in dccessing certain areas could lead
to wrong fire flghtlng strategles being chosen.

~ Fire suppression execution: If fire sijppression is performed locally (not remote),
at least losses of lighting, communications and access control systems which would
‘hinder such task should be considered. The fact that Fire. Brigade staff are forced to
keep FP ‘doors open during their fire fighting actlons may also affect fire extmgunshmg
{and, consequently, the fire spreading). These doors .would then effectively become
barriers unable to stop smoke spreading and, dependmg on the cases involved, flames
.also.’ :
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6.2  Influence of the fire effects on people

Fire effects (smoke, rise in temperature, etc.) may have a significant effect on the
Operatmg Staff and Fire Brigade members in charge of fire mitigation. This effect would be
considered both from the physical standpoint (breathing problems, reduction of VlSlblllty,
heat, etc.) and,psychologlcal {stress, fear, etc.).

This influence will mainly and significantly affect the diagnosis and fire suppression:

execution phases when performed locally..Nevertheless, if the fire or its effects were to reach
the Control Room, it will also affect the rest of the plant staff response phases.

Thus, for e'x'am'ple problems like smoke spreading through unsuitably insulated

ventilation ducts, water stored in areas with live electric equipment, flames and hot surfaces,

etc. must be taken into account.

Including ‘these fire' effects into the analys:s would lmprove its completeness and

“quality in explicitly addressing important aspects influencing the risk. This would all favour
_discussion on the feasibility of actions as postulated and would allow greater accuracy m
estimating the|r probabllltles of error.

6.3 Influence of tasks allocation among Operatmg Staff members to respond to the flre :
' event : . '

A fire combined with an lnitiating' event (caused by the former) becomes a very heavy
work load for the Operating Shift members who must stabilize the plant and simultaneously

 take some of the actions intended to mitigate the fire. Thus it is usual in plants for the Fire _

Brigade Chief tc be a member of the Control Room Crew, and for supervisors or building

attendants to also be members of the Fire Brigade, ‘which represents tasks and responsibilities

of a different type concurring in the same people in a certain time interval.

Tasks ‘assigned to Operating Shift members may be known as a function of the
Con management pollcy as defined ih the plant for fire 'scenarios and, consequently, these aspects -

could be more reallstlcally consadered

B. HUMAN ACTIONS REGARDING GENERATION OF AND RESPONSE TO A FIRE
INDUCED INITIATING EVENT

_ Thus second part of the document discusses those human actions which, combined
with a fire, would contribute to the generation of an initiating - -event and those which should

be performed in response to such initiating events. These actions should be performed by -

Operating Shift staff and will display differences with respect to those modelled in the
~probabilistic internal event PSA. Such differences mainly derive from damage caused by the

fire which, by reducing the availability of the safety systems will compllcate the Operatlng
Shift tasks for managlng the initiating event :
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The first two.sections include ,br_ief'ccnsiderations_on different types of human'a_c_tions
(speaking in terms of failure, they would be human errors) modelied on PSAs. Specifically; the
first section is devoted to type 2 human errors which are those that, either on their own or

- combined with other failures give rise to an initiating event (for example, a reactor trip). The
second section is devoted to types 3, 4 and 5 human errors made dunng the management of
aCCident sequences after the initiating event has occurred

Finally, the third section‘discusses the influence'the fire may have on successfully
. performing the different human actions related to the generation of the initiating event or to
the response thereto.

In view of the fagt that/in a fire risk analysis, fire progression in time is divided into
several -stages of growth, an analysis of each of the human actions responding to the
initiating event will have to be made for each of the time intervals derivrng from the growth
stages established. : :

1. 'TYPE' 2 HUMAN ACTIONS

On its own, a fire may cause failures in a nuclear power plant leading to an initiating
ei/ent However, depending on the specific design of each plant, a combination of human
action and failures caused by the fire is required -for an initiating event to occur in certam
scenarios. The latter case is addressed here. : :

_ "What are known as type 2 human errors may be subdivided into three categories as’
described hereafter, basically depending on such errors being prior or subsequent to the
failures caused by the fire and, within the latter, depending on their directly generating the
internal initiating event or their being generated during the performance of an action
attemptmg to prevent it

1.1 Type 2A human actions '

‘Type 2A human errors could also be called tatent compound human errors. .Compound '
inasmuch as the generation of the initiating event requires an additional failure generated by
the fire apart from the human error itself. Latent inasmuch as they are human errors made in -
routine tasks, for example, testing, maintenance, calibration, etc. prior to the fire, but in
which some component is left unavailable and remains unnoticed during the plant operation
and continues thus when the routine task has ended. Nevertheless, those human actions .
involving te'sting, maintenance, calibration, etc. which, through being performed at the same

“time when the fire starts, would give rise to the initiating event Wouid also fit into this
category.

The importance of these human actions or errors basically lies in their contribution to
increase the frequency of fire caused internal initiating events and, therefore, identifying th‘em’

" NOTE: The nomenclature used for classifying human errors in Types 2, 3 ‘4 and 5 were taken from the EPRI NP-
3583: "Systematic Human Action Reliability Procedure (SHARP} but .not the subdivision of Type 2 errors
which is onginai to this document
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»wou!d be -of nnterest However such act:ons would not be influenced by the ﬁre, smce they
are prior 1o it by deﬁnmon

1.2 Type 2B human actions

Type 2B human actions could also be called pure human errors inasmuch as they
generate an initiating event on their own. Natura”y, performmg an action of this Type is -
determined by the existence of a fire. - :

A clear example of thxs type of action would be the change from mode 1 {power

: Operatxon) to another operating mode which the centrol room crew -would carry out when
seeing that a fire has made unavailable some piece of equipment covered by a Technical

: Operating. Specification (TS) expressly,.re_qumng that change of mode in view of such
unavailable state. S - " . I

i “short, a fire- may not directly Ieed to an inifiating event occurring but, if, for
example, it has damaged systems to which a TS requiring a change of plant operation-mode
has to. be applied, this would cause the Operating Staff to initiate that plant transient.

Identifying this kind of error (in fact they are voluntary acts) is deemed .important not
onily ‘inasmuch.as they would contribute towards increasing the frequensy of fire caused
. initiating - events but because studying these -scenarios would serve for proposing and
analyzing the convenience of - -voluntarily provokmg these transvents as a functlon of the
systems damaged by the fire and 1ts condmons

Although Type 2B actions caused by the "Action" of a TS are highly representativ'e,‘
" they are not the only ones in this category. Thus, for example, manual trips advised by Failure
Operating Instructions attempting to respond to failures which, in this case, would have been
caused by the fire, would-also fit into this Type. : '

_ Fmaily, it is stressed that these actlons could be mﬂuenced by the’ flre stself since thev.'
are subsequent to it. .

1.3 Type 2C human’actjons

Type 2C human errors could also be called compound human errors of response.
Compound for the same reason as given for the Type 2As. Of response inasmuch as they.
represent human actions taken to prevent an anomaly or malfunction progressmg that wouid
lead to an initiating event :

A typical example of this type of 2C error for a PWR reactor would be the human
-action of closing the isolation valve of a pressurizer relief vaive (PORV) before the reactor

trips after such valve has been opened by the fsre

The probabmty of success in this type of acnons could be clearly mﬂuenced by the fire _'
effects so they must be identified and analyzed in this context. :
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2. TYPES 3, 4 AND 5 HUMAN ACTIONS. -

In short, it can be said that Type 3 errors relate to human errors in following Operating
Procedures, due to failures in detecting the need for action, to failures in implementing same
and 10 taslures through ending the action outside the available time limit.

ln the same way, Type 4 errors also relate to human errors in following Operating
“Procedures; but due to failures in diagnosis and to failures in selecting the action strategy.

“Finally, Type 5 errors represent human errors - in mitigating an lmtlatlng event in
sntuatrons wnth no procedures.

These three types of hurnan error have in common that they are made in response to
~ an initiating event. This fact sets a dafference with respect to Type 2 errors expounded in the
~ foregoing section. Whilst Type 2 human errors have to be identified again in the context of
© the fire analysis since they is an addltlonal cause for failures which is the fire, Types 3, 4 and
5 Human errors may still be the same as those already identified withih the framework of the
"human reliability analysis for thé PSA of internal events. This statement is valid provided the
“fire cannot change the conditions of the accident sequences, which. would call for changes to
the event ‘trees. " A need for such a change could be caused, for example, when the fire
~ affects equnpment whose fallmg in the.course of the accident had not beeh taken into.
"account before ‘through deeming such as a low probabrhty In these situations, an analysis of
further actrons would have 1o be consndered

In g‘enerat‘ hoWever “the fire inﬂuence on actions'in response to an initiating'event will

' basxcally turn into a modlﬂcation of ‘its efror probability which is reason enough for justlfylng a
Te- analysrs in this context

3. - INFLUENCE OF FIRES ON OPERATINGSHIFT'ACTIONS.

The two foregomg sections have bneﬂy descr bed the most representative

.. characteristics- of human actions which, n a fxre scenario, may generate an initiating event, as -

‘well as those which, once the Imtxatmg event has occurred, should be performed for'
mitigating it. The probability of all these human actions bemg successful, -with the exception
of Type 2A, may be significantly determined by performance shaping factors or highly
peculiar considerations of fire scenarios. In view of their foreseeabie impact on the risk,

factors or considerations which may affect human actions must be analyzed. The following

sub sect;ons descnbe the three deemed most rmportant

3.1 Influence of the loss of equipment used by the Operating Shift

“A fire or the meané used in. its suppression or the strategieé chosen to fight it may
leave eqUIpment and compodnents unavailable which the Operating Staff would require to
' adeouately perform thelr tasks mtended to bring the plant to a sate shutdown state.
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" It seems obvious that during a fire, the first and main cause of equipment loss is, in
fact, the direct effect of the fire (flames, heet smoke). However there are at least two
reasons worth’ anaiyzmg in each scenario as potermal causes of equipment loss. One of them
is that the fire suppression agents used for fire fighting (both successfully or not, as a result
in the latter case of an error in some fire response phase, i.e., in the phases of diagnosis,
execution, etc.) affect equipment installed in the area. Thus, for example, hand {or automatic)
operation of water spray systems or water hosepipes may impact equipment which the fire
would not initially affect in a certain growth stage. The third cause are strategies which the
Operating Shift might adopt in the light of the fire folresee'a'ble progression. For example,
tripping equipment or realigning trains for ensuring the plant's more stable operation in
foreseeing the fire possibly affecting equipment of a certain frain. '

Examples of. equnpment and components that might be necessary and could be
affected by the fire .either.directly or through their associated.cables or their support systems,
would be alarms, mstrumentat;on c¢hannels, ' status. lights, controls, lighting - system,
communication systems, area access control system ventllatlon systems electnc supplies to
equipment like, for example, Control Room cabmets etc.

' With respect to cognmve tasks, the effect the fire might have on instrumentation used
by the Operatlng Shift staff for detecting and -diagnosing the plant states following an
initiating event is highlighted because of its particular lmportance In PSAS it is usual to
~analyze those instrumentation channels generating automatic equipment actuation signals,

and model them only as an integral part of such automatic actuation signals. On the other
hand, it is generally assumed that the mstrumentatlon used by the Control Room Crew to
manage accident situations is sufflmently numerous, redundant and diverse for its failures not
to reduce human action reliability. This assumption, .however, is clearly not generaily
‘acceptable in fire situations which may cause muitiple failures of instrumentation channels or
information signals wh;ch the control room crew would requnre to adequately manage the’
accident.

In relation to local tasks, losses of lighting system equipment, area access system
equipment, etc. would be particularly relevant.

in addition, there is a particular cifcumstance or consideration worth discussing. In
general,.in a fire analysis, that .equipment which' would be actually damaged by the fire would
. tend to be identified and the analysis is made by assummg that such equipment is unavailable
and that the remainder has a random failure probability. Here more than ever what would
“happen in a real fire situation has to be broached. The Operating. Staff could find the fire
location fairly accurately, chld have more or less information on the way it is growing and
‘expectations of spreading and could venture hypotheses on what equipment might be
damaged by the fire and by the suppression systems used. This would all depend on their
training and knowledge of the plant, of the availability of suitable information in the Control
Room {like , for instance, lists of equipment which wolild be affected by the fire in each fire
area or specific fire procedures), etc. But, in any event, the Operating Staff cannot accurately

predict what equipment will be unavailable nor at what time. - This - fact implies that

uncertainty will be created in the Control Room crew with regard to the means available for
mitigating the accident. Such uncertainty will naturally be greater the greater the amount of
equipment which might be damaged in the fire area and. the iesser the knowledge or
information held on the fire area in question. It is here, therefore, where a turning point in the
usual trend of fire analyses appears, consisting in the need to identify not only the equipment
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.WhICh is gomg to be actually lost but also the equ:pment the Operatmg Staff wou!d beheve
“were gomg to be lost -

Such a need would seem ob‘vious and may be explained with two situations:

' The first situation arises from the fact that before takmg any action, Emergency
Operating Procedures require the Control Room crew to confirm whether a certain system is
available or not {a very simplistic, example would be that before depressurising the reactor, it
is necessary to check whether a low pressure injection system is available or not}. The
‘hypothesis which the Operating Shift handles on the current or future availability of mitigation
systems will influence the mitigation strategy finally adopted (perhaps depressurization would
not be done, at least in the short term, if it is not certain that water can be injected with the
low pressure system). It would therefore seem that an Operating -Crew: action strategy for
accident mitigation during a firé could vary not only as a function of the systems which are
known to be unavailable, but also as a functlon of those systems the operatlng Crew deems
could be unavaalable at least in the near future.

A second representative situatidn, would be that of a fire in an area which might affect

a large part.of Control Room instruments. For example, a fire in the Cable Spreading Room,
amongst other things, could make many controls of equipment necessary for accident
mmgatlon unavailable. In a situation like this, the Operating Crew would raise the question of
whether it will be able. to control. the incident from the Control.Room -or not. A decision-it
-could take, with a certain probablhty, depending on the S\ze of the fire and the plant generaiiv
" condition would be to abandon the Control Room and manage the accident from the Remote
- Shutdown Panel. : :

As a conseguence, it proves  necessary to analyzé the influence -of' equipment or
component losses (the actual and the foreseeable by the crew) in Operatmg Crew actions
related to the mmgatlon of the initiating event

/3.2 Influence of the fire on the Operating Staff

" As was already mentioned when’ addressing. firé effects on people who: aré. to
suppressed a fire, the situation is similar when the action of Operating Staff members in’
charge of managing the initiating event is analyzed. That is to say, the fire effects may have .
an influence -on their- actions both from the physical point of view and the psychological
standpoint. The only additional consideration in this point is that the exposure of the
Control Room Crew to these effects (smoke, high temperatures, etc. ) will mmally be lower, if -

not nil, except in two’ partlcuiar cnrcumstances

’ The ﬁrst concerns fire scenarios originating in the Control Room or ni areas from which
its effects can spread. Fire effects, such as smoke, can reduce the rehablllty of human actions
or even prevent them. Thus, for example, in case of a Control Room cabinet fire, it would be
necessary to-assess the feasibility of the Control Room crew- being able to continie operating
~ the plant from the Control Room. It is questionable whether the smoke generated by the
cabinet fire, even though the fire were not to spread outside it, could be extracted.by. the»
“ventilation system (it would naturally depend on the specific design. of each Control Room).
this situation, perhaps the conclusion might be reached that the only alternative for operatmg
'the plant would be to do so from the Remote Shut-down Panel. :
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The second circumstarice relates- to-.the fact that perferming some human actions

related. with the mitigation of initiating events requires local actions {actions performed '

outside the Control Room) which could force the Operating Staff in charge of such work to
access or move around areas dlrectly affected by the fire.

ln_ 3ummary, in bot_h cases problems like smoke and its spreading, for ekampie,
through unsuitably insulated ventilation ducts, water stored in areas with live electric
equipment, flames and hot surfaces, etc. must be taken into account. : ‘

"To conclude this sub-section, it is deemed that including these fire effects into the
analysis would improve its completeness and quality in exphcnﬂy addressing important °

~ aspects mﬂuencmg the risk. This would all favour discussion on the feasibility of actions ‘as

postulated and would allow greater accuracy in estimating their probabilities of error.

-3.3 Influence of tasks allocat:on among Operatmg Staff for respondlng to the mltlatmg

event.

In analyzmg human rehabzhty, it is normal practice for internal initiating events. to.

"assume the presence of the four members of the' Control Room Crew {Shift- Chief, Shift
Chlef s Assistant, Reactor Operator and’ Turblne Operator) as well as the availability of ail ‘

supervrsors or burldrng attendants’ also forming part .of the Operatmg Shift- Staff. In-view of
the fact, ‘as was mentioned in" an earher section, . that some of these people have to’
partlc:lpate on spectﬁc missions during fire f|ghtmg, it is obvious that the starting assumption

on staff availability should be reconsidered, and their risk impact for a fire event analyzed.






