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Abstract 

For modernization of Units 5&6 of Kozloduy NPP, a comprehensive analysis of internal 
flooding scenarios has been carried out for the reactor building outside the containment and 
for the turbine hall by FRAMATOME ANP and ENPRO Consult. 

The objective of the presentation is to provide information on the main results obtained in the 
flooding analysis of the Reactor Building (outside Containment). 

The flooding analysis is being performed under application of the “Methodology and 
boundary conditions” [1]. Flooding calculations are provided for all of the rooms in the reactor 
building outside the containment in which the fluid systems, having the capacity for flooding, 
are mounted. The performed functional analysis shows, whether the consequences of a 
postulated initial event are within the NPP design or could lead to situations which are not 
taken into account in the design. The proposals for overcoming of identified unacceptable 
situations and the possible strategy of room draining are also given. 

Several cases of leaks inside of sealed rooms in the restricted area lead to the situation that 
the rooms will get totally flooded. Even if this should be acceptable from the point of view of 
loss of system function, the water pressure effect on the structural elements, as walls and 
doors, does not allow such complete filling-up. 

The second relevant identified effect was spreading of humidity and high temperatures to 
adjacent rooms. Long-lasting effects of this type have to be avoided, in order to prevent 
potential common cause effects on safety system equipment. 
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1.  Introduction 

In order to obtain an exhaustive assessment of the actual safety level of Kozloduy 5 and 6, 
a sufficiently detailed volume of analyses of internal flooding has been carried out, in order to 
verify the behaviour of the nuclear equipment and structures, and to identify the weak points. 

The internal hazard is analysed using a comprehensive methodology [1] based on the 
standards [2] and [3]. The methodology specifies the basic assumptions, postulates, and 
boundary conditions. In compliance with it, a detailed analysis of all the initial events, which 
can violate the safety functions, was performed. 

2.  Safety Objectives 

In case of an internal flooding event caused by failure or malfunction of a fluid system, the 
necessary functional capability of the safety-related systems was checked for assurance of 
the following safety objectives: 

• Safe shutdown of the reactor from all operational conditions. 

• Removal of residual heat and transfer of the reactor to a safe shutdown 
condition. 

• Limitation of radiological release. 

The equipment required to meet these safety-related objectives has to be protected from 
impermissible effects of internal flooding events. It has been verified that an internal flooding 
event does not induce a risk of common cause failure of the respective equipment and/or 
structures. 

3.  Collection of Relevant Data 

The major sets of data which were necessary for performance of the flooding analysis have 
been collected. Each initial event was analysed separately, system by system and room by 
room, in standard form taking into account all linked aspects and data as: 

• Technological location of the initial event: the position of the leaking pipe or 
tank 

• Geographic location of the initial event: the compartment, the elevation , 

• Denomination of the leaking element: pump outlet line, venting or drainage 
line, heating line,..., 

• Definition of flood sources: type and volume, properties of fluid, detecting 
measurement devices, delay for operator intervention, diameter, pressure, 
maximal anticipated flow rate of the leakage, 

• Current devices for water evacuation : sumps, drainage pumps, siphons, 

• Equipment susceptible to be flooded: piping, isolating valves, I&C elements, 
electrical equipment (cables, cabinets,..), active elements (pumps, fans,...), 

• Electrical and I&C equipment susceptible to be sprayed, 

• Type of aggression (spray or flood), 

• The single failure criterion: applied for the redundant train, 
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• Functional analysis: situation during the first phase of the accident, operator's 
actions (with reference to the appropriate procedures), and final state of the 
unit, taking into account common mode failure of several trains. 

4.  Basic Assumptions and Postulates 

Plant Conditions 

In general, the system conditions (pressure, temperature) during steady state normal power 
operation of the plant had to be taken as initial states of the investigated fluid systems or 
system portions. If more adverse system operating conditions (including stand-by mode of 
the system, refuelling condition of the plant) prevailed for relevant periods of time (more than 
one week per year), these conditions had to be adopted as initial system conditions. 

Applying the conditions as described above, normal operating conditions have been used for 
the systems which are almost permanently in operation during power operation of the plant. 
The same is valid for systems which are in operation during plant operation and outages 
(service water system for group “A” consumers, spent fuel pool cooling system). 

For safety systems, transfer systems or storage systems, the system standby conditions 
have normally been assumed, except of the low pressure safety injection system, for which 
the operating condition during residual heat removal operation at plant outage has been 
used. 

Grace Periods for Manual Actions 

As a general rule, a period of time of 30 minutes between the first indication of an internal 
flooding event and the necessity of the initiation of the first manual safety-related action has 
been considered. In critical cases, shorter time periods down to 10 minutes have been 
applied, provided that a clear, direct safety-grade indication of the situation was available to 
the operators and the necessary manual operations could be carried out from the main 
control room. 

In practice it turned out that for several rooms the only way of reliable leak identification are 
the regular plant walkdowns of the shift personnel. This led to leak identification times 
between 2 hours and 24 hours. Therefore, the times between leak occurrence and leak 
identification were often the most relevant periods of the flooding scenarios. 

Single Failure Postulate 

For the purpose of flooding analyses two kinds of single failures had to be distinguished: 

a) Single failure in a safety system (safety system that serves for reactor 
shutdown, residual heat removal, confinement of radioactivity or for safety-
related auxiliary function after the considered event). 

b) Single failure in a component that serves for identification or isolation 
purposes and which is required to respond during the considered flooding 
event in order to mitigate the accumulation of impermissible amounts of liquids 
in a safety-relevant room or area. 

The single failure postulate a) was considered in a general way: A flooding scenario resulting 
in potential loss of function of two trains of a safety system has been judged not acceptable. 

The single failure postulate b) had several consequences on flooding scenarios: Some 
rooms were found with one water level detector, which had to be postulated to be out of 
function. This led to increased times of leak identification (often depending on regular plant 
walkdown). 
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Single failure of a valve for leak isolation led to longer durations of some flooding scenarios. 
Single failure of an active component of a drain system led to reduced drain capacity, 
especially on the basement level of the clean area of the reactor building. 

Loss of Station Power 

The postulate of the methodology reads: “If the initiating event causes a reactor or turbine 
trip, systems used to mitigate the effects of flooding shall be capable of being powered from 
emergency onsite sources.” 

This postulate had no direct influence on the performed flooding analyses, but it has to be 
considered for the active draining system of the basement level of the reactor building clean 
area (UL15). This system has an important role in several flooding scenarios, and a related 
upgrading proposal is being provided. 

Function of Drain Systems and Sumps 

If drain systems are needed to avoid impermissible flooding, they shall be treated like safety-
related systems.” This requirement of the methodology has been considered within the 
upgrading proposal for the draining system of the basement level of the reactor building 
clean area (UL15). 

The possibility of clogging of sumps of drain systems has been considered within the 
investigated flooding scenarios. In case of the open drain systems of the clean area of the 
reactor building the blocked condition of one drain line has been considered. In the controlled 
area of the reactor building the normal condition are closed drain valves of the sumps of the 
system rooms. Alternative paths for room draining (assuming blocking of a drain valve in 
closed position) have been discussed in the verification sheets of the system analysis 
reports. 

5.  Sources of Flooding 

Postulated Piping Leaks and Ruptures 

The major part of the flooding analysis was dedicated to postulated leaks due to pipe 
ruptures (cracks and breaks) of the fluid systems. 

The postulates for leak and break sizes have been based on the American National Standard 
ANSI/ANS-58.2-1988 [2]. 

This led to definition of different break sizes for high energy piping, operational low energy 
piping and small diameter piping on the one hand, and safety classified low energy piping on 
the other hand. Specific assumptions were used for containment penetration pipe sections 
and for the main steam and main feedwater systems. 

The following leak sizes have been the major results of the postulates: 

• Circumferential breaks (full piping cross-section) of small piping < DN25; 

• Circumferential breaks (full piping cross-section) of high energy piping (as far 
as no special postulate appears); 

• Circumferential breaks (full piping cross-section) of operational (non-safety 
classified) piping; 

• Leakage cracks (opening size: A=di x s/4) of safety classified piping > DN25; 

• No leaks or breaks of low energy piping > DN25 between the containment and 
the first isolation valve; 
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• No leaks or breaks of high energy piping > DN25 between the containment 
and the first isolation valve, if the following conditions are fulfilled: 
-  The distance between containment and isolation valve is no longer than 
about 10m, 
-  No large diameter branches or welded-on attachments in this piping region; 

• Application of the leak sizes and leak locations of Measure 18311 of the 
Modernization Program for the main steam and main feedwater systems 
(result: circumferential breaks with limited opening due to pipe whip restraints 
at the containment penetrations, leakage cracks at a few locations of the main 
steam lines, circumferential breaks of small branch lines < DN25). 

High energy piping are those systems or system portions whose maximum operating 
pressure is > 2MPa or maximum operating temperature is > 100°C during normal plant 
conditions.  

A relevant further condition is, that piping systems that operate above these limits for 
relatively short portions of operating time (less than 2%), may be classified as low energy 
piping. 

Remark: A large difference of the leak sizes (factor of about 100) results from the application 
of different leak postulates for operational low energy piping (circumferential break) and 
safety classified low energy piping (leakage crack, A=di x s/4) of larger diameters > DN25. It 
is therefore very relevant to fully adopt adequate in-service inspections on all of the safety-
classified pipelines (including safety systems and safety-related operational systems). The 
highest attention should be paid to the service water systems, group “A” (VF) and group “B” 
(VB) in the reactor building, due to their enormous flooding potential, which would probably 
lead to serious common-mode type flooding events in case of occurrence of large breaks. 

Malfunctions and Personnel Errors 

Further sources of flooding, due to malfunctions and personnel errors, have been considered 
in the following way: 

Failures of isolation devices: Separate analyses for failures of drain valves were not 
necessary, because the break assumption of small piping < DN25 is enveloping this 
scenario. 

Spurious actuation of fluid systems: The active fire fighting system has been investigated for 
spurious actuation (result: no single spurious signal can cause flooding), and intended 
actuation of this system has been involved in the related flooding analysis. 

Use of mobile equipment: No specific investigation has been necessary, because the overall 
amount of investigated flooding scenarios gives sufficient overview on the flow paths out of 
the rooms in case of fire fighting by fire hoses. 

Erroneous alignment: Due to the long durations of several flooding scenarios, the effects of 
falsely connected systems, feeding into the leaking system, are covered indirectly. 

Overfilling of vessels: The case of overfilling has been considered for specifically relevant 
cases, like the VF tanks in the reactor building. For the major part of potential tank overfilling 
scenarios, credit has been taken from the operating procedures which advise to observe the 
tank level indications. In connection with the major upgrading proposal of the present 
flooding analysis (installation of redundant room water level meters in the relevant rooms and 
corridors), the quick identification of tank overfilling events will be sufficiently reliable. 

Servicing failures: The relevant servicing failures concerning flooding are omissions of covers 
of man ways, hand holes or water chambers of coolers after repair or maintenance. In the 
maintenance procedures of NPP Kozloduy, Units 5&6 the following actions are intended after 
maintenance of heat exchangers: Tightness testing, observation of the equipment after 
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testing, acceptance of test parameters. After filling of the systems VF and VB, which are of 
special interest concerning their flooding potential, the operational staff is obliged to perform 
a walkdown in all rooms where those systems are located, and the main control room 
operators fulfil permanent monitoring of the system parameters. In connection with the major 
upgrading proposal of the present flooding analysis (installation of redundant room water 
level meters in the relevant rooms and corridors), the quick identification of flooding events 
due to heat exchanger servicing failures will be sufficiently reliable. 

6.  Effects of the Flooding Events 

The following effects of internal flooding events had to be considered in the study: 

• Submersion of safety equipment due to water level of the released fluid; 

• Pressure on walls, doors and floors due to water level of the released fluid; 

• Immersion of safety equipment caused by jetting, spraying or dripping from 
the leak; 

• Humidity and temperature impact on safety equipment caused by release of 
hot media; 

• Radiation impact due to radioactive content of released fluid. 

The depth of consideration of those effects, however, was different. The central matter of 
investigation was the water level impact of the out flowing media on safety related equipment 
and on building structures. The other effects were considered in a more qualitative way. 
Some more information on the way of consideration of the flooding effects is given below. 

Submersion of safety equipment and pressure on building structures: 

The flooding analysis in the reactor building outside the containment has been performed 
separately for all of the relevant fluid systems, and for each room in which equipment of 
those systems is installed. The whole variety of leak sizes, based on the leak postulates, was 
collected per room, and the most relevant cases were discussed in “verification sheets”. 

In the system analysis reports the flooding calculation results were listed in tables per room 
for all leak sizes. These tables include the system conditions (pressure, temperature), 
identification and diameter of the leaking pipes, leak dimensions, discharge rates, maximum 
water levels and flooding durations of the leak events. 

The calculations of the flooding events consider the flow paths to adjacent rooms, that 
means gaps below (non-hermetic) doors, drain rinses and other openings, with their 
dimensions (taken from the data collection report). All flow paths to other rooms were 
indicated, and in case of occurrence of relevant flooding levels in other rooms, the maximum 
water levels in those rooms were also presented in the system analysis reports. 

Conclusions were provided per room, whereby the judgment of acceptability concerning the 
flooding levels considered two major fields: 

• Impact on safety equipment 

• Impact on building structures 

The impact on safety equipment was checked on the basis of the data collected, for which 
the lowest level of active equipment being vulnerable to flooding had been identified by 
walkdowns. Due to separation of the active equipment of redundant safety system channels 
in NPP Kozloduy, Units 5&6, in the regular case the flooding impact was limited to one 
redundant channel, which is acceptable. In some cases, with spreading of relevant amounts 
of fluid to other rooms, an immersion of two redundant trains of safety system equipment 
(mainly racks of electrical or I&C equipment) have been identified. Those cases had to be 
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judged unacceptable. In several flooding cases one result of the analysis was flooding of the 
HR panels in the reserve control room. Although this may be acceptable from the safety point 
of view, it would lead to remarkable impact on the subsequent plant operation. An upgrading 
proposal was therefore provided, in order to avoid such flooding consequences. 

Impermissible impact on building structures, namely walls and doors, due to accumulation of 
high water levels in the rooms, was the most frequent (and one of the most relevant) findings 
of the flooding analysis. Due to lack of sufficient input data on the real strength and pressure 
resistance of walls and doors, a simplified approach for definition of permissible water levels 
had to be used (refer to chapter 6.4.2 of the methodology [2]). Very often the reason for 
accumulation of high water levels in the rooms is the absence or insufficiency of room water 
level devices. This leads to late identification of the events, and thus it results in large 
amounts of water outflow due to the long flooding durations. An appropriate strategy to 
overcome such impermissible flooding consequences is the arrangement of redundant water 
level devices in the rooms, which would allow for early flooding alarms. 

Immersion of safety equipment: 

Local immersion of safety equipment caused by jetting, spraying or dripping from the leak 
was found not to be relevant in the flooding analysis. The reason for this is the realized 
separation concept of active equipment of the safety system channels in NPP Kozloduy, 
Units 5&6. Only equipment of one safety system channel can thus be impacted in the room 
of the leak location, which is acceptable. An exceptional case are the rooms A820 and 
A910/1,2 where the safety sections of the main steam and feedwater systems are installed, 
including their safety instrumentation and transmitters. But local immersion is also acceptable 
in those rooms, because the active safety system equipment in the rooms is qualified for in-
containment accidental conditions (sealed equipment). 

Humidity and temperature impact on safety equipment: 

Several of the investigated fluid systems contain hot water or steam. In case of leaks in those 
systems the flooding is accompanied by increase of humidity and temperature in the room, or 
even by spreading of those effects to adjacent rooms. Specific calculations with a dedicated 
program were not included in the study. But according to the methodology ([2], chapter 3.1) a 
rough estimation of the temperature and level of humidity in the impacted rooms had to be 
performed. The related information on temperature and humidity values has been included in 
the result chapters per room of the system analysis reports. 

In case of reaching of 100% humidity in the rooms there will be condensation on the surface 
of equipment. The resulting water film may lead to ingress of water into active components, 
and especially in case of electrical devices it may lead to creation of short circuits between 
the poles (for example in junction boxes, in motors, in valve actuators or in cable connection 
boxes) or to failure or mismatch of instrumentation devices. Only specifically qualified 
equipment can be considered resistant against those wetting effects. Temperature resistance 
of active equipment is also limited, depending on its type and qualification classes. 

The worst identified event of a hot system leak was a pipe break of the steam generator 
blowdown system (RY), with blowdown of saturated water at steam generator conditions. 
This event, which can happen in corridors or in the system’s expansion tank room (whose 
door is often kept open), leads to rapid and wide spreading of humidity to other rooms. The 
delivery side ventilation systems of NPP Kozloduy, Units 5&6 are arranged in such a way 
that they blow air into the corridors, and from there the air is distributed to the system rooms 
via inlet openings. Due to this situation the steam from a hot system leak will flow through 
those openings into the rooms, and potentially it may reach the system rooms of all of the 3 
redundant trains of the safety systems. The result could be a common cause failure of 
multiple channels of safety systems, which has to be avoided by immediate isolation of the 
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containment isolation valves of the system RY. A related upgrading proposal has been 
provided. 

Further unacceptable situations due to steam spreading have also been found in case of the 
systems TK (makeup injection line break), UM (central heating system) and RQ40 (heating 
steam system). Upgrading proposals were given for those systems. 

The effects of hot medium release in case of main steam and feedwater leaks are acceptable 
due to the case that the safety system equipment in the rooms A820 and A910/1, 2 is 
qualified for in-containment accidental conditions. 

Remark: During the walkdown activities the doors of the rooms A820 and A910/1, 2 were 
sometimes found in an open (or not fully closed) position, although they are equipped as 
hermetic doors. This situation could lead to very severe effects due to steam spreading to 
several other rooms via staircases and corridors. A proposal has therefore been provided to 
implement means in order to make sure that the doors of the rooms A820, AB826/1, 2 and 
A910/1, 2 are always in a closed position (preferably by automatic supervision of the doors’ 
position, with indication in the control room). 

Radiation impact: 

In the system analysis reports it has been indicated whether the released medium from a 
leak may be contaminated by radioactive substances. 

In most of the investigated cases the flooding medium was cold water with low or moderate 
radioactivity content. It can be assumed that the release of radioactivity from those events is 
covered by the radiation protection safety concept of the controlled area of the reactor 
building. 

A specific case is the break of the makeup injection line of the TK system. This event leads 
to blowdown of hot medium from the primary circuit into the TK system or valve rooms, with 
release of steam and radioactivity to other rooms and to the exhaust ventilation system, over 
a period of several minutes. The provided upgrading proposal for this case has the intention 
to avoid or to immediately isolate the medium blowdown from the primary circuit. 

Draining of the rooms: 

For the most relevant flooding scenarios, a strategy is indicated with respect to draining of 
the affected rooms after the event. Considering the failure postulates of the methodology [2], 
the alternative of opening the door and draining via the drain system of the corridor, had to 
be indicated for those rooms of the controlled area which are equipped with one (normally 
closed) drain valve. This strategy can be considered acceptable after implementation of the 
upgrading proposals (redundant level meters), because the water levels in the rooms can be 
kept moderate due to early identification of the leaks. 

7.  Main Results of the Flooding Analysis 

Some major results have already been highlighted in the chapter above. 

In general terms, the results of the flooding analysis in the reactor building can be 
summarized in the following way: 

A. Low energy piping systems 

The flooding analyses of safety classified low energy piping systems came to the result of 
relatively mild flooding events, due to the benefit of largely reduced leak sizes (leakage 
cracks) in comparison to the leak postulates applied for operational classified systems.  
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The operational low energy piping systems in the reactor building have relatively small 
diameters, and therefore the related flooding events are also comparably mild. 

Nevertheless, several cases of unacceptable flooding levels, mainly with respect to loads on 
walls and doors, have been identified. This was caused by the long durations between leak 
occurrence and leak identification. 

Upgrading proposals: 

The standard upgrading proposal for leaks of low energy piping is the installation of two 
redundant water level detectors in the rooms (or one additional detector for rooms in which 
one detector is already installed). In cases of larger outflow rates from the leaks, those level 
detectors should have a measurement range which is sufficiently long, in order to be able to 
observe the tendency of the water level increase. This kind of proposal has been provided for 
about 40 rooms of the reactor building. 

The drainage system UL15, which is located on the basement floor of the reactor building 
clean area (in rooms A004/1, 2) is needed in several flooding scenarios, in order to maintain 
acceptable flooding levels. This system should be upgraded concerning its flow capacity and 
system features in such a way that all of the related flooding scenarios are kept at acceptable 
flooding levels (preferably < 25cm in the corridor A006, in order to avoid the flooding of the 
reserve control room). The single failure and sump clogging criteria, provision of safety grade 
electrical power, as well as protection against water spray impact should be observed for the 
upgrading solution of the system UL15. 

Some upgrading of the open UL drain system of elevations 13.20m, 16.80m and 41.40m of 
the reactor building clean area is necessary to reach acceptable flooding levels in some 
scenarios. Clogging protection and increase of the flow capacity of the system are therefore 
proposed. 

Improvement of the means for quick and reliable isolation of the operational part of the fire 
fighting system UJ, without stopping the overall system for the whole plant, is necessary for 
some flooding scenarios. For this purpose it is proposed to equip some manual valves of the 
systems UJ14, UJ21; UJ22, UJ23 and UJ24 with remotely operable motor actuators. 

Some specific proposals are provided for the branch lines of the suction lines from the main 
emergency core cooling tank (TQ10, 20, 30 B01), as well as the isolation valves of the 
letdown lines. 

B. High energy piping systems 

A special problem are the systems carrying hot water and steam, because their rupture may 
lead to increased temperature and wide spreading of humidity into many system rooms. A 
high potential of common cause type safety system failures is included in those scenarios. 

The appropriate remedial action for preventing such events is immediate leak identification 
and automatic isolation of the affected system. 

Upgrading proposals: 

In case of the steam generator blowdown system (RY), whose break can lead to the most 
severe steam release, it has been proposed to install redundant humidity detectors, by which 
the automatic closure of the containment isolation valves of this system should be initiated. 

For the central heating system (UM) and the heating steam system of the reactor building 
(RQ40) proposals have been provided to reliably close motor operated valves of the transfer 
pipelines of the systems inside the turbine hall. For this purpose, humidity detectors should 
be installed in the relevant rooms, automatic actuation logics should be implemented, and 
some valves should be equipped with motor actuators. 
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A break of the TK injection line causes radioactive release and spreading of high 
temperatures and humidity to adjacent rooms. In order to terminate these dangerous effects, 
it has been proposed to install additional check valves in the injection line. As an alternative, 
the installation of humidity detectors causing automatic closure of the containment isolation 
valves would be possible. 

8.  Conclusions 

The results of the performed flooding analysis led to the formulation of some upgrading 
proposals, which seem to be practicable to be implemented with reasonable efforts. 

9.  References 
[1] Measure No. 21121: Methodology and Boundary Conditions Applied to the Analysis on 

Internal Flooding – Work Report NGES4/2002/en/0078 B. 
[2] ANSI/ANS-58.2-1988 

Design Criteria for Protection Against the Effects of Compartment Flooding in Light 
Water Reactor Plants, November 4, 1988 American National Standards Institute, Inc. 

[3] ANSI/ANS-56.11-1988 
Design Basis for Protection of Light Water Nuclear Power Plants Against the Effects of 
Postulated Pipe Rupture, October 6, 1988 American National Standards Institute, Inc. 

 
 
 
 



 

FRAMATOME ANP,  ENPRO CONSULT 
30 years of Nuclear Energy in Bulgaria - Development and Prospects, International Nuclear Forum, 
2-4 June 2004, Varna, Bulgaria 

 

 

11 

Table 1: Sample of results obtained in the flooding analysis 
 

Room No Floor 
level, 

m 

Postulated initial event Resulting 
flooding level,

m 

Permissible 
flood level due 

to SS 
equipment, m 

Permissible 
flood level due 

to walls, m 

Permissible 
flood level 

due to doors, 
m 

Affected Safety System (SS) Remedial measures 

A004/1, 2 -4.20 UJ / break of pipe 108X7 
in front of valve 
UJ21S05R (behind 
UJ22S02) 

1.87 - 0.20 (0.12m) 0.50 (MD)  Redundant water level detectors 
with sufficient length for level 
measurement and with adequate 
alarms and signalisation should be 
installed  

VF / crack of pipe 426X9 
in A123/1 in front of 
TG11W01 

5.58 in A036/1, 

1.38 in A123/1 

1.05 in A036/1, 

0.64 in A123/1 

3.60 (0.90m) in 
A036/1 

2.00 (HHD) in 
A036/1 

2.00 (HHD) in 
A123/1 

TQ11D01, TQ12D01; TQ14D01; 
TQ13D01; TG11D01; TL10D01 
and their components, sensors 
and cable boxes in A036/1 *), 

and in A123/1 *) 

VF / crack of pipe 
∅219X7 in front of valve 
VF10S01in A327/1 

3.45 in A036/1 1.05 in A036/1 

 

3.60 (0.90m) in 
A036/1 

2.00 (HHD) in 
A036/1 

TQ11D01, TQ12D01; TQ14D01; 
TL13D01; TL10D01 and others *) 

A036/1 -4.20 

TQ12/ crack of pipe 
426x8; between HE and 
pump 

1.35 1.05 in A036/1 

 

3.60 (0.90m) in 
A036/1 

2.00 (HHD) in 
A036/1 

TQ11D01, TQ12D01; TQ14D01; 
TL13D01; TL10D01 and others *) 

After 2 hours leakage the released 
water in the room will be about 
97.7m3. The inventory of boron 
solution tank will be less than 
500m3 **) 

An additional redundant water level 
device should be mounted in the 
room 

VF / crack of pipe 426X9 
in A123/2 in front of 
TG12W01 

6.27 in A036/2, 

2.07 in A123/2 

0.43 in A036/2, 

0.64 in A123/2 

3.60 (0.90m) in 
A036/2 

2.00 (HHD) in 
A036/2, 

2.00 (HHD) in 
A123/2 

TQ22D01; TQ21D01; TQ24D01; 
TQ23D01; TG12D01; TL10D02 
and their components, sensors 
and cable boxes in A036/2 *), 

and in A123/2 *) 

A036/2 -4.20 

VF / crack of pipe 
∅219X7 in front of valve 
VF20S01in A327/2 

4.43 in A036/2, 

0.23 in A123/2 

0.43 in A036/2 

0.64 in A123/2 

3.60 (0.90m) in 
A036/2 

2.00 (HHD) in 
A036/2 

TQ21D01; TQ22D01; TQ24D01; 
TL13D02; TL10D02 and others *) 

An additional redundant water level 
device should be mounted in the 
room 
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Room No Floor 
level, 

m 

Postulated initial event Resulting 
flooding level,

m 

Permissible 
flood level due 

to SS 
equipment, m 

Permissible 
flood level due 

to walls, m 

Permissible 
flood level 

due to doors, 
m 

Affected Safety System (SS) Remedial measures 

  TQ22/ crack of pipe 
426x8; between HE and 
pump 

1.35 1.05 in A036/2 

 

3.60 (0.90m) in 
A036/2 

2.00 (HHD) in 
A036/2 

TQ24D01; TL13D02; TL10D02 
and others *) 

After 2 hours leakage the released 
water in the room will be about 
97.7m3. The inventory of boron 
solution tank will be less than 
500m3 **) 

 

VF / crack of pipe 426X9 
in A123/3 in front of 
TG13W01 

5.85 in A036/3, 

1.65 in A123/3 

1.05 in A036/3, 

0.64 in A123/3 

3.60 (0.90m) in 
A036/3 

2.00 (HHD) in 
A036/3 

2.00 (HHD) in 
A123/3 

TQ32D01; TQ31D01; TQ34D01; 
TQ33D01; TG13D01; TL10D03 
and their components, sensors 
and cable boxes in A036/3 *), 

and in A123/3 *) 

VF / crack of pipe 
∅219X7 in front of valve 
VF30S01in A327/3 

4.30 in A036/3, 

0.08 in A123/3 

1.05 in A036/3 

0.64 in A123/3 

3.60 (0.90m) in 
A036/3 

2.00 (HHD) in 
A036/3 

TQ31D01; TQ32D01; TQ34D01; 
TL13D03; TL10D03 and others *) 

A036/3 -4.20 

TQ32/ crack of pipe 
426x8; between HE and 
pump 

1.35 1.05 in A036/3 

 

3.60 (0.90m) in 
A036/3 

2.00 (HHD) in 
A036/3 

TQ34D01; TL13D03; TL10D03 
and others *) 

After 2 hours leakage the released 
water in the room will be about 
97.7m3. The inventory of boron 
solution tank will be less than 
500m3 **) 

An additional redundant water level 
device should be mounted in the 
room 

VF / crack of the inlet 
pipe to tank VF20B01 
630X8 

0.06 in AЭ408/2,3 - 2.20 (0.60m) 

 

0.50 (MD) Two trains of the SS: (HW, HX) A414/1 13.20 

VF / overfeeding of the 
tank VF20B01 via its 
overflow pipe159X4.5 in 
A910/1 

0.11 in AЭ408/2,3 - 2.20 (0.60m) 

 

0.50 (MD) Two trains of the SS: (HW, HX) 

Two redundant room water level 
devices should be mounted in the 
room 
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Room No Floor 
level, 

m 

Postulated initial event Resulting 
flooding level,

m 

Permissible 
flood level due 

to SS 
equipment, m 

Permissible 
flood level due 

to walls, m 

Permissible 
flood level 

due to doors, 
m 

Affected Safety System (SS) Remedial measures 

VF / crack of inlet pipe to 
tank VF10B01 630X8 

0.05 in AЭ408/1,2 - 2.20 (0.60m) 

 

0.50 (MD) Two trains of the SS: (HW, HX) 

VF / overfeeding of the 
tank VF10B01 via its 
overflow pipe159X4.5 in 
A910/2 

0.07 in AЭ408/1,2 - 2.20 (0.60m) 

 

0.50 (MD) Two trains of the SS: (HW, HX) 

A414/2 13.20 

VB / crack of pipe 325X8 0.03 in A408/1,2 - 2.20 (0.60m) 

 

0.50 (MD) Two trains of the SS: (HW, HX) 

Two redundant room water level 
devices should be mounted in the 
room 

VB / crack of pipe 38X2.5 
behind VB50S39 

2.093 - 2.20 (0.60m) 1.00 (LHD)  

RQ40 / 592 in AB721/4 1.50 in A414/3 - 2.20 (0.60m) 1.00 (LHD)  

A414/3 13.20 

VB / crack of pipe 38X2.5 
in A814/2 

1.40 in A414/3 - - 1.00 (LHD)  

Two redundant room water level 
devices should be mounted in the 
room 

VF / crack of the inlet 
pipe to tank VF30B01 
∅630X8 

7.96 in A414/4 
1.96m in AB633/1 
and AB618 

- 2.20 (0.60m) 

3.60 (0.90m) 

5.00 (1.20m) 

1.00 (LHD)  

VF / overfeeding of the 
tank VF30B01 via its 
overflow pipe159X4.5 in 
A909 

7.60 in A414/4 
1.60m in AB633/1 
and AB618 

- 2.20 (0.60m) 

3.60 (0.90m) 

5.00 (1.20m) 

1.00 (LHD) 

2.00 (HHD) 

 

VB / crack of pipe 38X2.5 
behind valve VB50S39 in 
A909 

1.65 in A414/4 - - 1.00 (LHD)  

TN / break in first elbow 
of pipe18X2.5 

2.61 - 2.20 (0.60m) 1.00 (LHD)  

A414/4 13.20 

RY / Water steam mixture 
leakage through a break 
in the first elbow of pipe 

6.03 in A414/4 
0.02m in AB633/1 
and AB618 

- 2.20 (0.60m) 

5.00 (1.20m) 

1.00 (LHD)  

Humidity measurement devices with 
immediate automatic actuation of 
RY containment isolation valves 
should be implemented; 
Two redundant room water level 
devices should be mounted in the 
room 
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Room No Floor 
level, 

m 

Postulated initial event Resulting 
flooding level,

m 

Permissible 
flood level due 

to SS 
equipment, m 

Permissible 
flood level due 

to walls, m 

Permissible 
flood level 

due to doors, 
m 

Affected Safety System (SS) Remedial measures 

  89X6  

A427/1, 2 13.20 UJ / break of pipe 
∅108X7 behind valve 
UJ21S04R 

0.52 - 0.20 (0.12m) 0.50 (MD) Two trains of the SS: HW, HX 
(HV) 

Redundant water level detectors 
with sufficient length for level 
measurement and with adequate 
alarms and signalisation should be 
installed  

AK118 0.00 UJ / break of pipe 
∅108X7 in front of valve 
UJ14S02 

3.60 in AK118, 
A117, A319 

- 2.20 (0.60m) 2.00 (HHD)  Redundant water level detectors 
with sufficient length for level 
measurement and with adequate 
alarms and signalisation should be 
installed 

*): All of the affected safety system equipment belongs to the same redundant SS train; therefore the flooding impact on the equipment is acceptable. 
**): According to the requirements of technical specification for safety operation of Units 5 and 6, the minimum boron solution inventory in emergency boron 
solution tank is 500m3. 
 
HHD – heavy hermetic door; LHD – light hermetic door; MD – Metal door 
HE - Heat exchanger 
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