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ABSTRACT

The current general principles for the protectiontltd French Nuclear Power Plants against floodifg
external origin are defined in the French Basie8aRule 1.2.e.

The partial flooding of « Le Blayais » Nuclear Poviatant in 1999 has called into question the des&geb
used for the protection against external floodingd the existing measures, especially the warnistesys, the
site protection measures, the protection of safeted equipments, the procedures and the emsrg
organization.

Following this event, the protection of the Freridtaclear Power Plants against external flooding teen
completely reassessed to ensure that the instaltativould be effectively protected. As a resultnewus
additional protection provisions have been impleteéon all the French Nuclear Power Plants.
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1. Introduction:

The current general principles for the protectiomhef French Nuclear Power Plants against floodfnexternal
origin are defined in the French Basic Safety RiZlee.

The partial flooding of « Le Blayais » Nuclear Povitant in 1999 has called into question the desiagebd
used for the protection against external floodingd the existing measures, especially the warnistesys, the
site protection measures, the protection of safelgted equipments, the procedures and the emsrgenc
organization.

Following this event, the protection of the Freridhclear Power Plants against external flooding teen
completely reassessed to ensure that the instaltativould be effectively protected. As a resultmetous
additional protection provisions have been impleteeon all the French Nuclear Power Plants.

2. Current French requlation

The general principles for the protection of the lac Power Plants against flooding of external iorigre
defined in the French Basic Safety Rule (BSR 1.&l&)se respect is considered as being in confonvitty the
French technical regulations. According to BSRé,.grotection is mainly provided by:

1. The setting of the platform supporting the buigli which shelter safety-related equipment at al lavleast
equal to that of the maximum flood level, plus argiva of safety (the corresponding level is referteds the
design basis water level).

2. The closure of the potential pathways for watgress into the chambers sheltering materials sacg$o
maintain the installation in a safe condition aochlted below the level of the platform.

For the sites commissioned prior to the coming iefti@ct of BSR 1.2.e on April 12, 1984, this regiaa
stipulates as retroactivity clause that those sismeeting the first criterion must in any eveatisfy the
second one and that complementary measures mystopesed to ensure a level of protection equah&d t
required by BSR 1.2.e.

2.1 Design basis water level for river sites
The design basis water level is the highest leeLitated for two scenari: natural flood and danfufsi.

The water level reached at the site in case of ahflaod is calculated for a flow rate defined hwptsstical
extrapolation of the flows observed near the ditee statistical method used is a POT (Peak Over Thidsh
method. It implies the study of samples of floweshigher than a threshold and to integrate histbdata
(former to the continuous period of recording). Tlogv rate is calculated for a return period of 10@@rs. The
BSR then imposes to take the upper bound of thé&7€nfidence interval of this flow rate, and moreov
requires an increase of 15% of this value to detfeedesign water level. The water level on theisitebtained
with a model (generally numerical) representingach of the river in which the flood is routed ddesing a
steady flow.

The second phenomenon considered is the collapselaf. The rupture of all large dams located upstrea
the site are successively examined in order tcndefie most critical dam break for the site. Thieifaiof dams
is postulated without consideration on the cau$dbeofailure. According to the constitutive magdsi of dam,
two types of failure are considered: for concreaend (arch or gravity dams) total and instantanéailise, for
rock or earth-fill dams progressive failure dudrtternal erosion or overtopping. Downstream routirfiglam
break wave to the site is calculated on a numerneadel considering a base water flow of the rivgna to
100-years flow rate (or, if greater, the flow rafehe maximum observed flood), to obtain the fldexkl at the
site.

2.2 Design basis water level for coastal sites

The design basis water level results from the amtditif the maximum level reached by astronomic ¢idé the
set-up calculated for a return period of 1000 yedte maximum water level related to astronomic i&le
calculated using semi-empirical formula adjustedseries of data measured at a gauge station reait¢éh For
French NPP coastal sites the tidal range is betveand 10 meters. Series of water level measurearent
corrected from the level of the astronomic tidektain time series of set-up. A statistical exttapon, using
the POT method, provides the extreme set-up, caéxlffor a return period equal to 1000 years. F@né&n
NPP sites, extreme set—up are about 2 meters.



It can be note that no tsunami has been recordéldeoRrench Atlantic coast, if we except obsenadtfiations

of a few centimetres due to very distant tsunarom& historical reports of observed tsunami arelalviai for
Atlantic coast in the vicinity of France. The mostcdmented event is the tsunami generated by theohisb
(Portugal) earthquake in 1755. Water levels risih@bout 2 meters were observed in several harbmutthe
southern coast of England and Ireland. However,ntethodology used to evaluate extreme storm susyes i
based on the identification of all abnormal high &vels which result in most of cases from stortrhibclude
also other causes such as tsunami. The BSR cong#lidéthie extreme storm surge covers the effectsuofami

for French NPP sites.

2.3 Design basis water level for estuary sites

Due to the possible combinations of maritime awerriconditions, the design basis water level ishighest
level calculated for three scenari presented irtabhie 1.

2.4. Synthesis

DBWL for river site
the highest water level obtains on site from :

€) 100-years flood flow + dam failure
(or, if greater, historical flood flow) (the one critical for the site)
(b) 1000-years flood flow + 15% in flow rate

DBF for coastal site (Atlantic)
combination of;

(c) 1000 years set-up (storm surge) + maximum astmic tide

DBF for estuary site
the highest of combinations of continental and timae events:

+
(d) 1000 years set-up (storm surge) maximum astronomic tide
(e) (@) + average astronomic tide
(U) 1000-years flood flow + maximum astronomic tide

Table 1 : Design basis water level according taBBR 1.2.e

During the discussions before BSR 1.2.e came intoefin 1984, it was pointed out that it is impbsito
determine extreme events with a probability of extznce of less than 10-3 per year, because ofate d
available in France. As shown in the previous tatble DBF results in all the cases, except for ¢aserom the
combination of an extreme event and a rare evert.pfbbabilities of these combinations are less a8 per
year, but not quantified.

However, this type of combination can’t be usedrfeer flood due to run-off. Then, a margin of 158w@idded
to the flow rate in order to decrease the frequeatcyhich the level is exceeded by about one ododer
magnitude, leading to a frequency less than 10¢3ypar. BSR 1.2.e states that “In order to ensucertin
homogeneity between the probabilities of diffeneskks due to external hazards and taken into ad¢dowsizing
the nuclear facilities, a margin of safety is fixaa an overall basis as being the water level spording to an
excess flow rate equal to 15% of the flow ratehef ¢stimated 1000-year flood”.

3. French experience feedback on external flooding

The most safety significant external flooding eveomcerns the partial flooding of the Le Blayais N&tRhe
end of the year 1999.



The site of « Le Blayais » Nuclear Power Plant (4tBWR) is located in the county of Gironde, 50 konth-
west of Bordeaux. The installations are located lan ianks of the River Gironde in a swampy area. The
position of the site on the estuary of the Riveo@de is shown in figure 1 (red circle).

Figure 1 — View of the Gironde estuary area antheflLe Blayais site location (red circle)

Assessments made to estimate the high water lef/#he Gironde have shown that at the “Le Blayait®, she
effects of the sea are more important than thoshefiver. Therefore, the approach adopted for tifiyang
these levels is that used for coastal sites.

The original site design regarding the externaldiog hazard was based on a projected high Girostieaey
level from a highly conservative astronomical tltkight combined with additional water level elepatfrom
atmospheric and open sea windy conditions. Thepitiform height, established based on this approaels
then of 4.5 m above the reference sea level (Fretaridard sea level called NGF). Later engineegnwgews
following the change of the French regulations drelapplication of the Basic Safety Rule 1.2.elteduin the
construction of a plant protection dyke arounddite. The height of the dyke between the plant hedironde
estuary was 5.2 m NGF and the one of the othes siflthe dyke was 4.75 m NGF, as shown in figure 2.

The latest reassessment carried out by ElectricitErdace in the late 90”s identified that the erigtdyke
height was not sufficient to protect the plantsiastathe worst-case conditions of the Gironde. Eigité de
France had therefore planned to increase the hefghe protection dyke to 5.70 m NGF; work schedubo be
performed in 2002.
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Figure 2 — Dyke height (below numbers: height ti& @& December 1999; above numbers: foreseen height)

3.1 Event description

On the 27th of December 1999, a severe storm fhamAtlantic Ocean approached the southwestern pfrt
France. In the vicinity of the “Le Blayais” NucleBower Plant, this storm induced the following pheeroa:

» a quick drop of the atmospheric pressure to a Malwer than 985 hPa,
» strong winds, around 180 to 200 kilometers per hour

At that time, Blayais Units 1, 2, and 4 were al fadwer, and Unit 3 was being prepared for starfrom a
planned refuelling outage, with the vessel headrahwater level at the midloop operation level.

The simultaneity of the high storm-driven level iretGironde estuary and of the waves induced byihd,
with an estimated height of 1,5 to 2 meters, leihportant water volumes washing over the plantgution
dyke. This washing over began around 9:30 PM aud,td the wind direction, concerned mainly the imem
part of the protection dyke, exposing preferentittle Units 1 and 2. Moreover, another water ingfesm the
surrounding flooded swamp areas was localized fir@an access road in the North-West part of tlee $ie
water reached a depth of around 30 cm in the N&f#st corner of the site, value obtained by observin
branches which were caught in the access gate$idsee 3).

Figure 3 — View of the Nort-West gate of the site

Access to the site was prevented for several hburflooded roadways and fallen trees. This access wa
possible only around 2:00 AM the 28f December 1999.



Large amounts of water arriving on the site begaarany electrical cable and auxiliary steam serfieaches
on the plant site. As a matter of fact, these tnescare covered either by unleaktight mettalicegldsee figure
4) or concrete panels (see figure 5).

Figure 4 Figure 5

From these trenches, water flew to undergrounceded whose connections to the Nuclear Island wete
designed as leaktight. Then from these gallerieswter flew into the Nuclear Island compartmestéodows.

For the Unit 1, the increase of the water levedinonnected general site gallery led to water Bgyieto the
Electrical Building of Unit 1 and eventually thedidoor between the gallery and this building wastbopen.
Water then spred through the Electrical Buildingthe containment cables prestressing gallery of Wrand,
through the Safety linjection System and the Comteint Spray System pipes penetrations, to theBuiding
basements of Unit 1 housing the Low Head Safetgdinpn System and the Containment Spray System pump

The Essential Service Water System galleries of Unhitgere also flooded both via the site galleried aia
some connections to the Electrical Building. The wéten entered through penetrations the Fuel Budldind
the compartments housing the train A pumps of tteeigal Service Water System (see figure 6).

Figure 6 — damaged electrical penetration in thi# URuel Building basement

For the Unit 2, the water entering the Electricalil@og of Unit 1 also spred to the connected Eleetri
Building of Unit 2. Additional water pathways to W2 from other site galleries were also identifi€dom



these different entries, the water flooded both ESjalferies, the Fuel Building basements and theadoment
cables prestressing gallerie of the Unit 2.

Eventually, an estimated 100,000 cubic meters oemwliboded the site area of the Units 1 and 2. Ieaf t
facilities which were flooded in Units 1 and 2, fielowing should be noted:

» « the rooms containing the essential service waiergs. The essential service water system of eat¢h uni
comprises four pumps on two independent trains rifd B); each pump is capable of providing the
entire throughput required. In Unit 1, the essésgavice water system pumps of Train A were lost as
a result of immersion of their motors;

» « some utility galleries, particularly those runnimgthe vicinity of the fuel building linking theymp
house to the platform;

» « some rooms containing outgoing electrical feedEng presence of water in these rooms indirectly led
to the unavailability of certain electrical switaydrds;

» « the bottom of the fuel building of Units 1 and étaining the compartments of the two LHSI pumps
and the two CSS pumps and the associated elecanchelectronic components. The nuclear operator
considered that the pumps were completely unaveildline systems to which these pumps belong are
the engineered safety systems of the installatibiclware designed mainly to compensate for breaks i
the primary system.

For the Units 3 and 4, the genaral layout of tie tsenches and galleries has prevented these fdmitsbeing
too much flooded. Only some water ingress in tha@nTAagallery of the Essential Service Water Systeas h
occurred.

3.2 Lessons learned from the flooding of the Blayais site in 1999

The “Le Blayais” site flooding has pointed out thesgible occurrence of modes of degradation of thetysa
level affecting simultaneously all the units atite @nd has revealed some weaknesses in the sitecpon
against external flooding related to:

» the extreme meteorological conditions consideredhm design of the site protection. For the “Le
Blayais” site, high strom-driven waves coincidernthvwhigh water level in the Gironde estuary had not
been initially considered.

» the warning system and its criteria, allowing thdi@pation of severe weather (verification of the
protection devices, implementation of movable emgpt...) and the shutdown of the plants in a timely
schedule.

» the site accessibility (blocked roadways), hightiigép both the need for additional staff of opergtand
emergency response personnel prior to the arrividdensevere flooding conditions and the need for a
adequate autarchy of the site (water quality aetiSupply...).

» the flooding-related procedures and the on-sitergemey organization, considering all the divese
aspects linked to the flooding conditions including

- the accessibility of the equipment located outsifine protected buildings.

- the simultaneous impact on several plants, witlotargial risk of loosing both the external
power supplies and the ultimate heat sink.

- the isolation of the site and the difficulties tmyide rescue staff and equipment.

» the detection of water in the flooded rooms, allmyvia quick response of the operating staff for
implementing the necessary action, like the impletai@on of movable pumping devices,

» the faults in electrical isolation, likely to B&o some electrical busbars loss whereas therattgrid
may be lost due to the severe weather conditions,

» the management of release of the water collectéukifiooded facilities.

More generally, these weaknesses are taken intouabt in the reassessment of the protection of-tieech
Nuclear Power Plants against external flooding Hmen undertaken by Electricité de France.



4. Reassessment of the protection of all French NPPs against exter nal flooding:

In the light of the observations carried out durihg flooding of the Blayais site, a number of esshave been
drawn for all the French sites. The main safety t@atinological areas that have been investigatekamined
to ensure that the installations would be effetyiy@rotected from the risk of external flooding greesented
hereafter. They had been the topic of discussiotvedam the French Nuclear Safety Authority andathhical
support IRSN on the one hand and Electricité dadaa@n the other hand since March 2000.

4.1 Hazards characterization

The first stage of the reassessment process iseaamid systematic review of all the phenomena ardts\that
might generate an extreme flood hazard as welhes potential combinations. The identification biese
phenomena and the characterization of the correpgrhazards should allow a better assessmenteof th
vulnerabilities of all the sites and notably of flelowing predictable “site vulnerabilities” thadilities should

be prevented from or be able to cope with:

» flooding of nuclear buildings sheltering safetyatedd equipments due to the submersion of the site
platform as well as due to the rise of ground wate

» flooding of safety-related equipment in pumping tista with a risk of accidental situation
corresponding to a partial or total loss of thetls@iak that might affect all the units of the sitéduis risk
is linked to the water level on the pumping stajidetform and thus to the immersion of safety eslat
equipments Moreover, the potential risk of loodimg heat sink due to a threat of water intake dhagg
has also been considered,

> loss of all off site power supplies due to the salsion of electrical stations or switchyards, to
electrical towers instability in flooded ground tar storm conditions at the coastal sites (eledtrica
towers collapse...);

> temporary site isolation caused by roads obstmctio

4.1.1 Phenomena identification

A preliminary list of phenomena was then drawn ufhvan aim of exhaustiveness and without taking int
account the importance and the frequency of thesmte in France. The phenomena were investigated
according to their origin, as shown on figure 7.
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Water
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structures

Water retaining Canal

River structures

Circuits
Equipments
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Groundwater

Figure 7: sources of flood phenomena

The preliminary list of phenomena was analyzed tmiifly the phenomena which are likely to affect ame
several of the 19 French nuclear sites. One obbjectives of this selection is to limit as muchpassible the
number of phenomena to be considered in the détailedies site by site in order to facilitate tliew



process. This analysis thus results in drawing afidgphenomena which can be excluded taking intowat
the geographical environment of the sites. Moreotrer phenomena whose potential impact is coveyethat
of another phenomenon are not identified as padati@ghenomenon. For example “river flood” coversofl due
to run-off and also due to obstruction of the riedannel by ice or debris jams. This work has ledht®
identification of 13 phenomena which must be talkém account in the re-examination.

5 among these 13 phenomena have been previousiyifige in a Basic Safety Rule (BSR) that defines
requirements for river/estuary/marine water levelsonsider in the design of French NPP: (1) Rfierd, (2)
Dam failure, (3) Tide, (4) Storm surge and (5) Tsuinam

In addition to these 5 phenomena, 8 “complementahgnomena are defined:
(6) Wind-waves on sea,

(7) Wind-waves on river or channel,

(8) Swelling due to operation on valves or pumps,

(9) Water retaining structures (other than dam&raeation,

(10) Circuits or equipments failure,

(11) Rainfalls on site, brief and intense,

(12) Rainfalls on site, regular and continuous,

(13) Groundwater rising.

The distribution of these 13 phenomena accordintpeowvater origin is shown on figure 8. The desaviptdf
selected phenomena is presented in the following pa

Atmosphere

{6) (7) (8) L
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Water retaining . ;
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Figure 8: selected phenomena

4.1.2 Extreme phenomena/events definition

Extreme events related to the selected phenomerefined in terms of Intensity, Dynamic and Freguen

» Intensity is characterized by physical parametech sas water level, water volume, water flow rate,
rainfall intensity ... depending on phenomena

» Dynamic deals with two durations:

- the minimal duration of the rise from a value ofmal intensity to an extreme value, this
parameter is necessary in the choice of the safe¥jces to use, and for warning system
definition,

- the duration during which an extreme intensity a&ntained

» Frequency is derived from a statistical analysigh&f phenomenon (for example rainfall) or of the
initiating cause of the phenomenon (for example deirfor wind-waves). The frequency is the



probability that a given intensity is exceeded. ldwer, it is not always possible to calculate this
parameter. Some extreme phenomena such as dane faiki postulated without consideration of their
probability.

Methods used to characterise extreme events mguitom the 8 “complementary” phenomena are briefly
exposed here after.

(6) Wind-waves on sea
The wind-waves are characterized by the signifitenght and the associated period according todhening
methodological steps:

» definition of extreme offshore waves on the basimeasurement of waves (or reconstitution from data
related to wind), with a return period of 100 yeasdculated by using the POT method;

» determination, by numerical modelling of the chéedstics of these waves propagated to the neaesho
area of the plant site, by considering a constatemlevel in time corresponding to the extremeimear
level;

> evaluation of the effects of these waves on theisiterms of flow rate and volume of water whi@mnc

overflow protections.
The duration of the extreme event is determinechbyduration of high tide level.

(7) Wind-waves on river or channel

This phenomenon is equivalent to the previous onoe,mmy affect smaller water bodies such as est(lary
Blayais event), flooded plain or channel. The sigaiit height and associated period characterise this
phenomenon. The methodology to evaluate the eftdctgaves differs only for the first step. Extremevasa
height and period on the water body are calculftad extreme wind speed, fetch (the distance wthehwind
can travel on water when raising waves), constatémdepth ... using empirical formulas. A statidtaxsalysis
of wind speed observed at or near the site provedéeme value to consider, with a return period@d years.
The duration of the extreme event is also determinyea study of the high wind speed observation.

(8) Swelling due to operation on valves or pumps

A sudden change in flow of water in a channel mayse strong variations in the water level and sofeNater.
This concerns both canals near the site and caredsed for water supply of the NPP. Typical situsiare:

(a) gates or valves closing on the driving forcaratel of a hydroelectric plant downstream of the, £b) gates

or valves malfunction generating uncontrolled inflof water in the channel, (c) sudden stop of Cating
Water pumps that operate on a semi-closed charing. “swelling” phenomenon is characterised by the
maximum overflow rate or the maximum correspondieight on the site, as well as the duration offdst
dynamic phenomenon. Considered scenarios results frostulated situations (stop of n pumps)...and the
extreme characteristics are derived from hydrazdiculations using numerical models.

(9) Water retaining structures deterioration

This concerns deterioration of structures such aalambankments, reservoir ponds, water retainengs of
air coolant towers. These structures are located arean the site and at a level higher than the gliatform.
The intensity of extreme phenomena is charactebyetie released volume of water and/or the maxirfiam
rate resulting from the deterioration. The occureentthese phenomena is considered as a resuiffedfedt
load cases such as earthquake, explosion, airptash hydraulic deterioration, etc. According te #tability of
the structures under the load cases, water flownesylt from a complete failure or from a lostightness.

(10) Circuits or equipments failure

This concerns cooling circuits. The extreme phenoméncharacterised by the volume of water releéseithe
failure taking into account the specific flow rdeough the break until isolation of the flow. Thenéiguration
taken into account corresponds to a “Vandellos&tgp situation with the partial break of a Circigt Water
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pump sleeve. In that configuration, it is considetleat a manual isolation of the break can be ped in all
cases within at most 20 minutes. Taking into accauparticular the water flows in play (about 20s1), this
situation is identified as the most pessimisticeoafSbreak of circuits or equipments.

(11) Rainfalls on site, Brief and Intense

Brief and Intense Rainfalls are the phenomena iclais examined for drainage system design. Thecipi
durations of these events are in the range of smmeates to some tens of minutes. They are relatettieo
surface of catchment areas on NPP sites and candbeated by time necessary to the water run-ofhfthe
point furthest away from the outlet of the catchtma®a, to reach this outlet. The intensity is ctiarised by
the amount of water that falls during the duratidrthe event. Intensity (I) and duration (t) ar&ated by the
empirical formula:

I)=a.t°

Where a and b are dimensionless coefficients depgnoh the regional precipitations and the consder
frequency. They have been calculated for each sitth® basis of statistical studies of observedfalim The
greatest return period considered is 100 years.

(12) Rainfalls on site, Regular and Continuous

Regular and continuous rainfalls have been idewtifis possible causes of flood if the drainageesystf the

site can’t be used. This situation can occur forgpla as a consequence of a river flood which impdselose
gravity discharge of the drainage system to avlmdding of the site through this system. As foreBrand

Intense Rainfalls, statistical studies of precimtaobserved in the region of each site are pevéalto calculate
the extreme intensity, with a return period up @ Years. Generally, the extreme intensity is dated for a
duration of 24 hours. However, according to thestering scenario for site study, the duration fnaydapted
to the duration of drainage system unavailability.

(13) Groundwater rising

Extreme rising are characterised by water tablel land, if this level reaches the surface of theugdh water
flow rate and water volume on the ground. Risingyafundwater level is generally a consequence ofhan
phenomenon which may generate flood. For the mgjofithe sites, the extreme levels of groundwaterdue
to river risings or extreme marine levels. Howevke, rainfalls or Water Retaining Structures Detetion can
also be at the origin of extreme groundwater ilmee&everal approaches are implemented to charzactee
extreme events. In certain cases, very coarse @mekovative approaches are sufficient, for exantpke level
of groundwater can be taken equal to that of therrilood. For the other cases, it is necessatiynflement
hydrogeological models. Hydrographs of river flooextreme rainfalls, or water retaining structures
deterioration are then used to define the boundanditions of the models. In the majority of theses,
calculation must be carried out for flows in tramgistate. Due to this approach, the frequencycofimence of
extreme groundwater rising depends on the frequefdhe initiating scenario. No specific duratioanche
defined, even if this phenomenon has a slower dim#ran all the others.

4.1.3 Hazards definition

Considering that flood may result from the simu#fans occurrence of several events, particular taten
should be paid to combinations of events which Itaauthe largest flood to be considered for thaige of
protection. Before the flooding of le Blayais sitieod hazards for NPP were defined in the BasietgaRule
1.2.e., which presents requirements for determimimgr/estuary/marine water level (see § 2). Receorks
lead to the definition of complementary hazardespnted here after.

The same deterministic logic as applied in BSR li21esed. Then a set of hazards resulting from atrerae
event or from a combination of events (of adjustederity) has been identified. The main criterioeduso
select combinations is the interdependancy of pimema. Combinations have been selected in a detistimin
approach, based on expert judgement. No quantifiedbabilities are associated with the combinations.
However, probabilistic considerations provide imgocases useful guidance for the selection.
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Complementary hazards for river sites
combination of:

(9) Water level for 1000-years flood flow + 100-yeavind waves

(h) Water level for 100-years flood flow + 100-ysaainfalls on site, regular and continuous

0] DBW.L (run-off = b) + 10-years rainfalls on sjteegular and continuous

0] DBWL (a and b) + Swelling due to opergti;)n awes or pumps (on
site

Complementary hazards for coastal sites (Atlamtic) estuary sites (under marine influence)
combination of:

(k) DBWL + 100-years wind waves

(0] 100-years water level (tide + set up) + 100rgaainfalls on site, regular and continuous

(m) DBWL + 10-years rainfalls on site, regular ammhtinuous

(n) DBWL + Swelling due to operqtio)n on valves omps (on
site

Table 2 : Complementary hazards

The use of interdependency criteria is illustratgchbzards (g) and (k). For river sites (g), it @msidered that
there is no direct relationship between a flood wurin-off and extreme wind situation that maysmextreme
wind-waves at the site. For coastal sites (k) gtkteeme water level results from a storm (on maxmtigle) this
storm is also at the origin of wind-waves. Then,waer level considered for coastal site is moneseovative
that for river site.

The use of probabilistic criteria is illustrated tyzard (i). The combination of extreme river flo@B{VL) and
rainfalls on site is considered only for flood doerun-off. The probability of DBWL resulting fromadh break
is regarded as sufficiently low so that it is netessary to take into account simultaneously einéals.

Three hazards are defined as resulting from only mmenomenon, independently from any other flooding
cause.

(o = 9) Water retaining structures deterioration

(p = 10) Circuits or equipments failure

(g = 11) Rainfalls on site, brief and intense.

Hazards related to groundwater rising are definedaaconsequence of the following extreme events or
combinations of extreme events:

(r) Water retaining structures deterioration (0)

(s) DBWL (dam = a)

(t) DBWL (run-off, coast, estuary) + 10-years railig on site, regular and continuous (i or m)

(u) DBWL (coast, estuary) +100-years wind waves (k)

This list of 21 hazards is used for the reassessment

4.2 Reassessment of the protection of the NPPs

The reassessment of the protection of the NPPs yrfaiclised on the topics presented hereunder.
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4.2.1 Improvement of the equipment and works siimest involved in the sites protection:

Given the different flooding hazards, one of tihesaof the reassessment was to ensure that thpregoi and
systems required for bringing and maintaining thizgsuin a safe state were kept dry.

The protection means, either passive (dykes,...) tvea¢pumps to drain water from rainfalls,...), re@a to
prevent the spreading of the water on the sitdqulas or to limit its height have been reassesBedides, the
spreading ways taken by the water in the eventafiérsion of the platform have been examined, vhiéhaim
to suggest additional provisions where requiredréduer, the capacity of the drain systems thatccduin the
water stored on the platform has been checkedatticplar, the emergency power supply of the drajrpumps
has been investigated for those sites where aafiskss of their external electric power supply Heeen
identified.

For all the plants, this has led to implement a gach "watertight area”. This “watertight area” irads all the
substructures and, when required depending onitég\silnerabilities and specificities, the superstures (up
to the required protection level) of the buildirthat shelter safety-related equipments requiredbifimging and
maintaining the units in a safe state, protectimgnt from the different flooding hazards and esplgctae

groundwater rising one. The provisions aimed to Kbeparea leak tight have been examined in teffms o

> identification of all the openings and water pathsppers, pipe or cable penetrations, exhausts pipe
entrance doors...),

qualification of the material used to plug them,

provisions implemented in case of opening (maimeaawvorks...) for closing them in a short delay
during the warning phase,

» prevention of the potential ways of bypassing threa (discharge lines of the inner draining
systems...).

Considering defense in depth, the provisions alhgwto cope with a residual leakage of the "wathtterea”
have been checked, based on the existing draingensinstalled in the sumps of the nuclear islard an
additional mobile pumps installed during the wagnphase. The requirements for these pumping mears ha
been defined, especially the need for an emergeowser supply.

4.2.2 Improvement of the warning systems, siteqmtidn preparedness and emergency organization:

Givent the potential vulnerabilities of the plargad the provisions used for protecting the safetated
equipment, the reassessment has also focused auithbility and effectiveness of the warning psxethe
operating procedures and the site organisationpe @vith a flooding event.

Warning system:
For predictable hazards, the following aspecthefwarning systems have been checked:

» ability of the warning system to detect the riskflobding of the plant depending on the naturehaf t
hazards involved (river flood, storm surge, windve@n sea, dam rupture, on-site rainfalls),

> principles of implementation and reliability of tigarameters monitored and of the devices and
equipment used (tide sensors, wind measurementdefinition of the criteria activating the alaand
integration of the information provided by organiaas external to the sites involved (Météo France)

Several successive warning phases have been defined
» stand-by phase,
» vigilance phase (carrying out of some early aclions
» early warning phase (site protection preparednasks filling up...),
> alert phase (plants to be brought to a safe shutddate).

The corresponding activation thresholds have besesasd so that the durations of the warning plreasdsng
enough to carry out all the actions required fa $lite protection and for the plants safe operaiitciuding
safe shutdown, before the first predictable "sitlgrability” occurs.
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Operating procedures:

Specific operating procedures dealing with exterflabding have been developed and checked. These
procedures, to be applied in the vulnerable sitemd the warning phase of the flooding event, tom

> prepare the site protection all along the warnitgse: closure of the dykes openings, closure of
hoppers and doors of the "watertight area”, iretiath of mobile shutters, installation of mobilengps
in the chambers...,

» anticipate a situation for which the plants wilvieao be maintained in a safe shutdown state fon@
duration or might encounter an accidental situationparticular, the possible occurrence during a
flooding of the "loss of the ultimate heat sink/asrd the "loss of external power supplies" is exeui
The corresponding specific actions required duriregwarning phase, in order to prevent, to delay or
to be able to cope in the long term with theseasibms, are then defined, such as the filling ok&
(fuel for the diesel generators, secondary wateerntory) in order to increase the autarchy of the
plants,

» during the alert phase, bring the plants to a stie which depends on their initial state.

In practice, each vulnerable site requiring a wagnsystem has been provided with a site-specificqunture
dedicated to the coresponding flooding event.

Then, the procedures applied in the two accideitizhtons considered above have been reviewed. Tdrese
the classical symptom-oriented accidental procediHlewever, they have been adapted to a floodiegtathat
might lead to an accidental situation at all the snits and not only in one unit as generallywtifed in these
procedures. Moreover, the combination of a totaklof the heat sink and a loss of external elegtiwer
supplies, which might result from a single extefit@ding event, has been adressed.

Emergency organization:
The on-site emergency organization has been adaptetiooding event considering that:

» all the plant units might be affected by the floamdd by the potential induced accidental situation.
Therefore, all the units might require in the sanmet additional emergency resources and
competencies,

» the site might be isolated during the flooding.

In case of a flooding, an on-site emergency orgdiuia is defined for the warning phases as weliloaghe
flooding phase and even in case of induced acatlsittiation. From the beginning of the early waghphase,
an on-site team is in charge of the coordinatioth supervision of all the actions related to the pitotection,
the personnel security, the additional human ressurequired in case of site isolation, the sifgphtng (of
fuel...), the site operation (surveillance in the pimg station...). The alert threshold of the warngygtem
activates the national emergency organization inmgl several emergency teams: on-site emergenceystea
national EDF emergency teams and public authorféams (from the French Nuclear Safety Authority and
from its technical support IRSN).

In practice, guidelines of national scope have beeitten to define how to adapt the on-site emecgen
organization to a flooding situation and how to r@dd simultaneaous emergency situations at muliipits of
one plant. No adaptation of the existing off-siteeegency planning has been considered as necessary.

4.2.3 Maintenance programs and periodic tests

All the equipement used as the line of defensenag#tie external flooding has been consideredfatysglated
and the corresponding safety requirement have eeamined. Among those, the suitability of the mai@ince
and the periodic tests programs have been checked.

4.2.4 Complementary improvements coming from tsedas learned during the flooding eventin Le
Blayais
In addition to the reassessment of the above nmamib topics, some additional specific topics whose

significance has been shown during the floodingdieat in Le Blayais have been examined. They deahipt
with the following topics:
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» potential ingress of water in the chambers durlrgftooding in case of a leakage of the "watertight
area": the requirements on detection means, tbeatibn and the availability of the corresponding
measures in the control room;

» faults in electrical isolation, as far as theyimwat be excluded during a flooding since the maleri
outside the "watertight area" are not watertighard¥er, several of these materials might be aftecte
by the flooding. It has then been checked thatetledsctrical isolation problems could not causess |
of the electrical switchboards that supply safetated equipments.

» the management of the water collected in the fldddeilities, in terms of possibility to dischargeto
stock them given their radiological content.

5 Main results of the r eassessment:

Hereunder are presented the main results of tresesament of the protection of all the French NudRower
Plants against the external flooding.

5.1 Protection of the equipment and systems required for bringing and maintaining the plant in a safe
state

As mentionned above, a watertight area has beémediedind implemented for the substructures ohalINPPs.
The product and the process used for the cloggitigeopenetrattions of this area have been qualifiespecfic
qualification tests. Figures 9 and 10 give somergies of penetrations that have been made watertigh

Figure 9 Figure 10

Regarding the risk of flooding of the platform dfetnuclear island in case of dam failure, riveodoor a
combination of tide, strom surge and wind wavessit€s over 19 have been identified as sensibthisorisk.
Therefore, new provisions for protecting the platfoand/or protecting the superstructures of the limggl
housing the equipment and systems required foglminand maintaining the plant in a safe state Hzeen
implemented, or the existing ones have been raiatbr Among these provisions are dykes (see figdje 1
watertight walls (see figure 12).

Figure 11 Figure 12
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The swelling of the water level due to operationvaives or pumps is significant for one site. Wails
protection have been erected to avoid the floodirthhe pumping station platform of this site (sieggife 13).

Figure 13

The failure of water retaining structures, suchh&sdooling tower bassins, have been of concer8 fmrticular
sites. Concrete walls will be erected to proteetribclear island from the spreading of the water.

The risk of flooding in case of rainfalls concernsitgs for which specific provisions have been taf@ncerte
walls of protection, increase of the capacity & thainage system,...).

5.2 Other vulnerabilities of the French NPPs

Additionally to the flooding of nuclear buildingdeltering safety-related equipments due to the susion of
the site platform as well as due to the rise efgtound water table, the other vulnerabilities Ibeesn examined
in order to check if the French NPPs are prevefited or able to cope with them.

Concerning the risk of loosing the ultimate heaksb sites have been identified as sensible tdltogling of
the equipment necessary fir ensuring the efficiesmogt the surveillance of the filtration function tbe water.
Specific provisions have been implemented, mainlyeillance actions at the pumping station and ajregy
procedures to deal with a degradation of this fionct

For all the sites, a potential risk of loosing tieat sink of several NPPs simultaneously due toeat of water
intake clogging has been identified. The Rhoéne ril@rd in December 2003 confirmed this point, a dbt
debris having been carried by the river towardswager intake of the pumping station of the NPR=aied
along this river (see Figure 14). Current operapingcedures have been modified in order to dedd thits risk
and specific equipement improvements have beeizeda(like the automatic switch-over of the nonesgaf
related pumping systems following an increase efitbadloss across the filtration system).

Figure 14

The risk of loosing the offsite power, following tkabmersion of electrical stations or switchyardsfar the
coastal sites, following a storm, concerns 9 siesvisions have been implemented either to avoath s risk
or to limit its duration.
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Regarding the temporary site siolation, 8 sitesehfeen identified so far as being sensible to ite Th
development of the operating procedures for théss as well as of their warning system used ire aafs
external flooding took this problem into account.

5.3 Warning system

All the French NPPs, apart from two coastal sitesheing considered as sensible to the externadliit risk,
are now provided with a dedicated warning systensistent with :

« the phenomena that they are concernd with,
< the vulnerabilities of each site,

e the operating procedures to be used in case oftamal flooding and the corresponding actions.

6. Future French regulation

The studies which followed the flood of le Blayaite ighlighted some limit of the Basic Safety RUBSR)
1.2.e which defines the principles for the protattof the Nuclear Power Plants against floodingexiernal
origin. The Nuclear Safety Authority (NSA) has ragdi the revision of the rule to integrate the dbmtions of
recent work. The future rule shall deal with all trezards likely to lead to a flood of external origf nuclear
sites, while attempting to identify the combinasaf events being able to be at the origin of thed.

The NSA specified that the rule must relate to:
» the choice of the hazards (due to extreme evente@mbinations of events),
» methods for characterizing all these hazards,

» the taking into account of the difficulties whiclinet characterization of hazards can present
corresponding to rare and extreme events throughtrsatment of uncertainties and definition of
margins.

Moreover, the future rule will be applicable to #ile types of nuclear installation (reactors, |alaies,
factories of the fuel cycle, storage of waste}hatstage of design and also at the stage of safasgessment.
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