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ABSTRACT 

Accident Localisation System (ALS) of Ignalina NPP is a pressure suppression type 
confinement, designed to prevent the release of contaminated steam-water mixture to the 
environment in case of Loss-of-Coolant Accident (LOCA). One of the peculiarities of 
Ignalina NPP with RBMK-1500 reactors is that not all of the reactor coolant circuit is 
enclosed within ALS. Some part of downcomers, that connect Drum Separator (DS) and 
suction header of main circulation pump is located outside ALS. In case of downcomer 
rupture in DS compartment the discharge is not confined, but flows to the environment 
through the safety panels installed in the ceiling of DS compartments.  

Numerous safety analyses were performed to assess the safety of Ignalina NPP against 
downcomer break outside ALS, and results were used for different applications in order to 
improve the safety of the plant. This paper presents the overview of the performed analyses, 
recommendations raised and safety improvements made to enhance the safety level of NPP.  

One of the applications is to present the recommendations for safety improvement if 
maximal allowable pressure limits are exceeded. The calculations results demonstrate that in 
the case of two downcomers rupture in drum separators compartment the maximum 
permissible pressure in the reactor hall could be exceeded. The knock-out panels from the 
reactor hall to the environment were recommended and installed for reactor hall overpressure 
protection.  

The evaluation of the drainage system efficiency from DS compartments was 
performed. In this case the especial attention was paid to analyse the water collection and 
drainage system behaviour in long term after postulated breaks. The analysis results showed 
that the modernization of the drainage system prevents the accumulation of the released water 
in the compartments even in the case of two downcomer pipes ruptures, and decreases the 
release of radioactive fission products (FP) to the environment.  

1 INTRODUCTION 

The analysis of Ignalina NPP compartments thermal-hydraulic response to guillotine 
rupture of two downcomer (DC) pipes in Drum separator compartment is presented. The ALS 
in such case is not activated, because the DC rupture is postulated outside ALS enclosure [1]. 
Thus, the discharge from the break is not confined, but flows to the environment through the 
knock-out panels, which open at the specified pressure difference. 
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The rupture of two pipes was investigated because the analysis performed by the main 
RBMK-1500 designer showed the possibility of dependent (when one breaking pipe could 
damage another) pipe rupture in one specific break location (i.e., near one of the wall 
penetrations). The purpose of the analysis is to evaluate the behaviour of thermal-hydraulic 
parameters in affected compartments and to provide the recommendations for accident 
consequences mitigation. It is important to note that the analysis results are already applied in 
order to improve Ignalina NPP capability to withstand such accident.  

2 ACCIDENT DESCRIPTION 

Downcomer pipes connect the Drum Separator (DS) with the Suction Header of the 
Main Circulation Pumps, which are located inside ALS (Figure 1). There are two DS 
compartments - i.e. one on each side of the reactor. DS compartments are interconnected by a 
pipelines corridor, which is located under the reactor hall plate 5. Each of two DS 
compartments is equipped with five knock-out panels 7 with total flow area of 20 m2 that 
opens to a vertical shaft 4 at two kPa gauge. The coolant discharged from the breaks then 
passes through this shaft and is released into the environment through the discharge tubes 7, 
which are located at a roof of the shaft.  

 

Figure 1: DC break location 
1 – knock-out panel, 2 – Drum Separator, 3 – Accident Localisation System boundary, 4- shaft, 5 - biological 
shielding blocks, 6 - flow paths between biological shielding blocks, 7 - steam release tubes 
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DS compartments are connected with the reactor hall through the narrow (crevice-type) 
flow paths 6 between the biological shielding blocks of the plate. Therefore, FP may be 
released to the environment not only through the discharge tubes, but through the reactor hall 
as well. One of release paths is structural leakage of the reactor hall buildings. Additionally, a 
contaminated atmosphere from the reactor hall may be released at the ground elevation 
through an opening with area of 25 m2 if the transport hatch leading to the railroad bay 
through a vertical shaft is open at the time of the accident. The reactor hall is typically open to 
the environment for about three hours per day via this transport hatch.  

Liquid water separated from the two-phase jet collects on the floor of the DS 
compartments and in the space below the reactor hall. Drains are available in these 
compartments to move the liquid to the drainage tank, from which the water is automatically 
pumped to the storage tanks for decontamination. The design capacity of this drainage system 
is 55,6 kg/s (200 m3/h).  

3 ANALYSES METHODOLOGY 

The main purpose of the performed analysis is to evaluate the behavior of 
thermalhydraulic parameters in the affected compartments and to present the 
recommendations in case if safety limits are exceeded. The response of compartments 
affected by the released steam-water mixture has been performed with CONTAIN (USA) 
code [2], [3]. The mass and energy source through the break was taken from the thermal-
hydraulic analysis of the reactor coolant circuit (RCS) parameters employing RELAP5 (USA) 
code. This analysis of RCS behavior is performed at Lithuanian Energy institute also, but it is 
outside the scope of the present paper.  

The calculation model for compartments response analysis includes all compartments 
affected by the pressure built-up, the structures for consideration of heat sinks and 
condensation, simple junctions between the compartments, special junctions with the 
specified pressure difference for opening and other features. The calculation model for DC 
break analysis is presented in Figure 2.  

This model contains 11 zones representing accident affected compartments and 
environment, 19 junctions between the zones for the gas flow, 6 junctions for the water flow, 
and 40 structures for the consideration of the heat transfer of the released coolant with the 
building structures and hot RCS piping. The environment outside NPP compartments is 
represented by two zones – in order to separate the releases at the elevation of 60 m and at the 
ground level.  

Particular attention was given for the simulation of the knock-out panels. Not 
necessarily all the flow area of the knock-out panels will be opened in reality, because some 
part of opened panels area could ensure pressure relief. Therefore, the real opened flow area 
of the panels has been estimated in the calculations. This was achieved assuming in the 
calculation model the different opening pressure, in the range of 1.8-2.2 kPa, for each panel. 

The actuation of the drainage pumps was assumed in the accordance with the actuation 
logic specified in the operational documentation. The first pump is actuated if the water depth 
in the drainage tank reaches 1 m, and the second pump – 1.8 m. The third pump was assumed 
idle because it is allowed to have one pump in maintenance during normal operation.  

If the pressure in DS compartments rises to 2 kPa gauge the reactor shut down systems 
are activated and the valves of ventilation system are closed, therefore, in the base case 
variant it was assumed that the ventilation system is not operating. The influence of the 
ventilation system operation logic to the results was investigated as well. 

The structures for heat transfer were modeled in two different ways, depending on the 
location of the walls – either both sides as non-adiabatic or one side adiabatic. The first way 
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was assumed for the walls between different nodes. In this case the wall is subdivided into 
several layers with the exponentially growing thickness from both sides of the walls. The 
second way was used for the simulation of different inner structures. These walls were 
modeled with a half of the real wall thickness, but doubled surface, one side taken adiabatic. 
It was assumed the exponentially growing layer thickness from the non-adiabatic side.  
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Figure 2: Nodalisation scheme for the DC break analysis 

1 - reactor hall, 2 - DS compartment (left), 3 - space under reactor hall, 4 - DS compartment (right), 5, 6 - shaft 
(left and right respectively), 7- drainage tank, 8 – drainage storage tanks for decontamination, 9 – transport 
corridor and transport shaft, 10 - environment for the releases at the roof elevation, 11 - environment for the 
releases at the ground elevation 
Volume (m3) and initial temperature (K) are indicated for each zone. The volume for Zone 8 is dummy value 

 
The walls in DS compartments and in the corridor between them were not fully 

modeled. These walls consist of insulation with steel liner and concrete. The temperature of 
the concrete is kept below 90 0C, by means of insulation layer and air gap between insulation 
and concrete. This gap is cooled by a special ventilation system. In the calculations only the 
insulation and the liner were considered. The temperature on the outer side of insulation is 
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taken as constant, 90 0C because it is acceptable limit to prevent the overheating of the 
concrete. The temperature profiles in structures of DS compartments calculated for the steady 
state conditions were used as initial boundary condition in the analysis.  

The thermalhydraulic calculation of the compartments affected in the case of 
downcomers ruptures was performed for the steady state conditions before the accident 
initiation, taking into account the heat generation from the hot structures of the reactor coolant 
system and the heat sinks by the ventilation systems. The ventilation system of the reactor hall 
takes the clean air from the environment. The air from the reactor hall passes through the 
openings of biological shielding into DS compartments, where according to normal operation 
conditions it is heated up to 150-180 0C [4]. The calculation for the steady state conditions 
was performed for 11 days period. Calculated temperatures in DS compartments and pipelines 
corridor are in the range of the permissible temperatures during the normal operation 
conditions. The obtained temperatures in the compartments were used as the initial 
temperatures in the performed DC break analysis. 

The different transport hatch position was assumed for the maximal pressure and 
drainage system efficiency evaluation in order to ensure the conservatism of the results. The 
drainage system efficiency is important in order to avoid the accumulation of the water, which 
is released from the primary circuit through the break. If the draining is too slow, there may 
appear a water pool with the soluble fission products within it. This means that outside air 
could have access to the pool of contaminated coolant, and any fission product evolving from 
the pool could escape through the openings (panels, transport hatch - if opened) to the 
environment. Therefore, for the drainage system efficiency evaluation there were assumed the 
initial conditions corresponding to the worst situation regarding radiological doses. Such 
worst situation is when the transport hatch is open (typically three hours per day) and an 
additional flow path to the environment is available through the vertical shaft to the railroad 
bay at ground level. For the maximal pressure evaluation, the worst situation is when this 
transport hatch is closed.  

4 CALCULATION RESULTS 

4.1 The maximal pressure evaluation 

Sensitivity studies were performed in order to investigate the influence of different 
parameters to the results. The influence of water carryover through compartments, leakage 
area to the environment, ventilation system operation and other factors were analyzed.  

The base case calculations of the compartments thermal hydraulic response were 
performed under the most conservative conditions regarding the pressure in the 
compartments. One of the most important phenomena influencing the pressure is the behavior 
of the liquid fraction in the atmosphere of the compartments. The base case calculations were 
performed for the most conservative case regarding the behavior of liquid fraction of the 
break - i.e., when all liquid fraction of the break flow remains suspended. Keeping liquid 
suspended increases the density of the two-phase atmosphere and therefore the larger pressure 
differences are required to accelerate it.  

The pressure in DS compartments and in the steam-water piping corridor under the 
reactor hall is almost equal (Figure 3) because of a large connection areas between these 
compartments. The opening of the knock-out panels at overpressure of 2 kPa in the DS 
compartments does not arrest the pressure rise, and the peak pressure there reaches 32 kPa 
gauge. The overpressure in reactor hall reaches 9 kPa under considered conservative 
assumptions. This value exceeds the permissible pressure in the reactor hall (i.e. 5 kPa).  

One of the problems in performing the analysis is the lack of reliable data on the 
leakage paths between the biological shielding blocks of the reactor hall, and between the 
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reactor hall and the environment. According to the design data, the flow paths between the 
biological shielding blocks is equivalent to 5 m2, and this value was assumed in the performed 
analysis. 
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Figure 3: Pressure behavior in compartments after 2 DC break 

Number of the curves corresponds to the number of the zone (see Figure 2) 
 
As to the leakage area between the reactor hall and the environment, no data whatsoever 

is available for the Ignalina NPP. Based on the measurements in the Leningrad NPP the 
structural leakage from the reactor hall to the environment equivalent to a 5 m2 opening was 
assumed in the base case calculations. Nevertheless, the leakage of this conventional structure 
may vary greatly depending on the workmanship and other construction factors, thus there is 
a considerable uncertainty in this leakage area for Ignalina NPP. Therefore, the influence of 
leakage area to calculation results was analyzed. As we can see in Figure 4, the pressure in the 
reactor hall depends on the leakage area considerably. The additional flow area of at least 
5 m2 to environment ensures the reactor hall overpressure protection. 
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Figure 4: The influence of reactor hall leaktightness to the pressure in compartments after 2 

DC break 
1, 2 - pressure in the reactor hall and in the break DS compartment respectively if reactor hall is tight, 3,4 - 
pressure in the reactor hall and in the break DS compartment respectively if leakage of reactor hall is 5 m2 
equivalent, 5 - pressure in the reactor hall if leakage of the hall is 10 m2 equivalent 
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Implementing the results of this analysis the panels with total flow area of 10 m2 were 
installed at Ignalina NPP for reactor hall protection against overpressurisation. This flow area 
has considerable margin from calculated value and allows avoiding the influence of 
uncertainty in the structural leakage area of the reactor hall.  

 
4.2 Evaluation of drainage system efficiency 

Water discharged through the rupture at the pipe can collect on the floor before to be 
directed to the drainage tanks. After reaching the certain level (depth) the discharged water 
will be directed to the drainage. The value of this water level depends on the floor irregularity, 
location of the rupture and sumps, and in reality it differs for different rooms. Conservatively, 
in the performed analysis it was assumed that a sump will collect the flood water once the 
water depth in the DS room reaches 0.15 m it is directed to the drainage tank. The overflow 
between DS compartments and space under the reactor hall is included in the calculation 
model and occurs when the water level increases to 0.15 m also. This overflow directs the 
water from the accident compartment to the space under the reactor hall, and if the water level 
there reaches 0.15 m – to the non-accident DS room. Such simulation of water level 
behaviour ensures the same water level in both DS rooms and space under the reactor hall if 
water level exceeds 0.15 m.  

The calculation results showed that water level in the DS compartments and space under 
the reactor hall reaches 1.8 m during 1 day after the break of two downcomers, the drainage 
tank (node 7) is full (Figure 5). This means that the capacity of two drainage pumps is to 
small, and to the drainage tank there is directed only so much of water, how much is removed 
from it by the pumps.  
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Figure 5: Water level behavior in the case of as designed drainage system 

Number of the curves corresponds to the number of the zone (see Figure 2) 
 
Thus, calculation results demonstrated that it would be desirable to provide a higher 

capacity drainage in order to avoid the situation when the contaminated water pools are 
widely exposed to the environment. 

It is not difficult technically to implement the modernization, which allows increasing 
the drainage capacity twice by employing the additional pumps for water removing from the 
drainage tank TZ20B01. The calculation of two downcommer rupture was performed for 
modified drainage system with double capacity. In this case the water level in the drainage 
tank does not exceed 1.8 m (Figure 6). This means that the modernization allows removing all 
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the water directed from the DS rooms. However, the capacity of drainage water traps from the 
DS rooms to the drainage tank is a little too small. Therefore, the water level in the DS rooms 
starts to increase after 8 hours after DC pipes break. Despite of this, the modernization is 
reasonable, because it ensures more rapid removal of contaminated water from DS rooms (no 
pool within first 8 hours after DC break) and allows to remove all water from the drainage 
tank to the storage tank for decontamination. Thus, the modernization helps to decrease the 
release of fission products to the environment and permits to perform the emergency repair, 
which is needed to isolate the break and to bring the plant into a safe steady state.  
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Figure 6: Water level behavior in the case of modernised drainage system 

Number of the curves corresponds to the number of the zone (see Figure 2) 
 

5 CONCLUSIONS 

1. The calculation results demonstrate that in the case of two downcomers rupture in drum 
separators compartment the maximum permissible pressure in the reactor hall could be 
exceeded.  

2. The panels with total flow area of 10 m2 were installed at Ignalina NPP for the reactor hall 
protection against overpressurisation.  

3. The analysis results showed that the modernization of the drainage system avoids the 
accumulation of the released water in the compartments even in the case of two 
downcomer pipes ruptures, and decreases the release of radioactive FP to environment. 
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