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Abstract: For the assesment of the efficiency of severe accident management measures the
simulation of severe accident development, progression and potential consequences in
containments of nuclear power plants is required under conditions as realistic as possible.
Therefore, the containment code system (COCOSYS) has been developed by GRS. The
main objective is to provide a code system on the basis of mechanistic models for the
comprehensive simulation of all relevant processes and plant states during severe accidents
in the containment of light water reactors also covering the design basis accidents.
In this context the simulation of oil and cable fires is of high priority. These processes
strongly depend on the thermal hydraulic boundary conditions. An input-definition of the
pyrolysis rate by the user is not consistent with the philosophy of COCOSYS. Therefore, a
first attempt has been made for the code internal simulation of the pyrolysis rate and the
following combustion process for oil and cable fires. The oil fire model used has been tested
against the HDR E41.7 experiment. Because the cable fire model is still under development,
a so-called 'simplified cable burning' model has been implemented in COCOSYS and tested
against the HDR E42 cable fire experiments.
Furthermore, in the frame of the bilateral (between German and Ukrainian goverment)
project INT9131 in the field of fire safety at nuclear power plants (NPP), an exemplary fire
hazard analysis (FHA) has been carried out for the cable spreading rooms below the unit
control room of a VVER-1000/W-320 type reference plant.

1. INTRODUCTION

COCOSYS has been developed and validated for the comprehensive simulation of severe
accident progression in containments of light water reactors [1,2,3]. This code system is to
allow the simulation of all relevant phenomena, containment systems and conditions during
the course of design basis accidents and severe accidents. In COCOSYS, mechanistic
models are used as far as possible for analysing the physical and chemical processes inside
containments. Essential interactions between the individual processes, e.g. between thermal
hydraulics, hydrogen combustion as well as fission product and aerosol behaviour, are
treated in an extensive way. With such a detailed approach, COCOSYS is not restricted to
relevant severe accident phenomena, but will also be able to demonstrate interactions
between these phenomena as well as the overall behaviour of the containment.
During the last years, special models for the simulation of oil and cable fires have been
implemented [4]. These models have been tested against the HDR E41.7 and E42
experiments. In the fire analysis for the VVER-1000 cable spreading rooms, the "simplified
cable burning" model has been applied [5]. Starting from given specific pyrolysis rates and



propagation velocities along the cable trays, the model considers some feedback from the
actual thermal hydraulic boundary conditions.

2. PROGRAM COCOSYS

The COCOSYS system provides a tool based on mechanistic models for the simulation of
essential processes and states during severe accident propagation in the containment of
nuclear power plants. The complete system is subdivided into several so-called main
modules (Erreur! Argument de commutateur inconnu.). Each main module is a separate
executable program used for specified topics of the whole process. Between these main
modules, the communication is realised via a driver program using PVM (parallel virtual
machine) [6]. The separation into different main modules considers that the strongest
coupling between the main modules is on the time step level to avoid a high-frequency data
transfer. The amount of data transferred is relatively small, due to a suitable distribution of
the complete topology and topics of the systems to the different main modules. For future
COCOSYS versions, this concept will be extended to realise parallelism on the main module
level.
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Fig. 2-Erreur! Argument de commutateur inconnu. Structure of COCOSYS

The compartments of the NPP under consideration (or other building types) have to be
subdivided into control volumes (zones). The thermodynamic state of a zone is defined by its
temperature(s) and masses of the specified components (lumped-parameter-concept). To
realise more complex boundary conditions or processes, a flexible program and data
structure is installed. For example, each zone can be split into several so-called zone parts.
The thermal hydraulic main module contains different kinds of zone models, like non-
equilibrium zone model and or a zone model simulating hydrogen deflagration. For a realistic
simulation of a severe accident propagation, a detailed modelling of the safety systems is
important. The THY (thermal hydraulic) main module can simulate coolers (including
intermediate cooling circuits), spray systems, fan and air conditioning systems, ice



condensers and catalytic recombiner systems. The developed pyrolyis models are
implemented inside the THY main module.
The COCOSYS aerosol-fission-product (AFP) main module is used for best-estimate
simulations of the fission product behaviour in the containment of LWR (light water reactors).
Both, the thermal hydraulic (THY) and the aerosol-fission-product (AFP) main module
consider the interactions between the thermal hydraulics and aerosol fission product
behaviour. Particularly for hygroscopic aerosols, a very tightly coupled feedback on the
thermal hydraulics (especially for the saturation degree) can be considered. AFP can
calculate up to eight different aerosol components, with their own chemical characteristics
and size distribution.

The FIPHOST module calculates the transport of fission products carried by so-called hosts
(carrier for fission products) in the containment. The mobile hosts are gas, aerosol and water,
the immobile hosts are the surfaces in atmospheric and sump spaces. All the relevant
transfer processes of the fission products between hosts are modelled: aerosol depletion by
natural processes and by engineered systems like filters, recombiners or spray systems,
wash-down from walls into sumps, etc. Host changes as a consequence of chemical
reactions or the decay of radioactive isotopes are also taken into consideration.

Using the FIPISO module, the behaviour of all nuclides relevant for the mass transport and
heat release in the containment can be simulated. FIPISO considers the core inventory of the
reactor at the initial accident time and calculates the decay of the activity and the decay heat
release according to established nuclide libraries and packages for up to 1296 isotopes
inside each zone separately. The results are used for the calculation of decay heat release.
The iodine calculations include 73 different reactions. The iodine transport process between
water and gas is taken into account. The aerosol behaviour of the particulate iodine species
can be calculated by the aerosol calculation part of COCOSYS. The retention of aerosols
from a carrier gas conducted through a water pool is determined by the SPARC model.

In case of a reactor vessel failure during a severe accident, the molten core would drop onto
the concrete base structure of the reactor building. The interaction of the core melt with
concrete would continue for a long period of time. The COCOSYS core-concrete-interaction
(CCI) main module is based on a modified version of WECHSL, calculating the concrete
erosion and the thermodynamics of the core melt. For a very detailed consideration of the
chemical processes in the melt (mixed or separated option) and the gas, aerosol and fission
product release, the XACCI module has been developed. This module uses the equilibrium
thermo-chemical model ChemApp. In the future, it is planned to improve the modelling of the
core melt (e.g. using real geometric boundary conditions) and to introduce models for
simulation of DCH (direct containment heating) and melt relocation.

3. PYROLYSIS MODELS IN COCOSYS

For the simulation of oil and cable fires, pyrolysis and burning models have been
implemented in the thermal hydraulic module of COCOSYS. This process is divided into two
steps: first the release of pyrolysed species from the oil or cable surface and second the
burning processes inside the atmosphere and on the surface of the burning material itself.
Two different types of concepts have been realised in COCOSYS: a very detailed one
simulating the combustible materials (oil and cables) with heat structures and a simplified
concept to handle user specified pyrolysis rates including in some way the feedback from the
thermal hydraulic boundary conditions.



3.1.Oil fire model

In this model, the material to be burned is represented by a usual structure subdivided into
several layers for the calculation of temperature profiles in the material (Erreur! Argument
de commutateur inconnu.). Due to the pyrolysis of the material, some extensions are
needed to describe the behaviour at the structure surface:

• The surface temperature is calculated by a spline interpolation using all layer
temperatures

• The heat flux on the surface (e.g. reaction heat, convective heat transfer, radiation) is
distributed into the uppermost layer and the second layer according to the volume fraction
of the uppermost layer

• The mass of material can be reduced (by pyrolysis) and increased (e.g. refilling phase)

For the modelling of the thermal behaviour still some restrictions exists, which are:

• The temperature dependent density of the material is not considered. Otherwise, a shift of
material between the layers has to be calculated.

• An inner convection of liquid material inside the structure is not yet considered.
Particularly in case of oil injection, this is a restriction
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Fig. 3-Erreur! Argument de commutateur inconnu. Concept of the pyrolysis model for oil burning

One of the main objectives of COCOSYS is the consideration of feedbacks between the
different processes. Especially for the pyrolysis process, there is a strong feedback of the
thermal hydraulic boundary conditions. Consequently, user defined pyrolysis rates are not
consistent with the COCOSYS strategy. In COCOSYS preliminary attempts have been made
to calculate the pyrolysis rate. The fist approach used is based on a diffusion equation and
looks like:
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The released CHX fractions are burned above the oil pool considering the oxygen
concentration. In case of a too low amount of oxygen available, the CHX components can be
transported to other zones and be burned according to user specified mixing factors. In the
burning process of CHx components CO and steam are formed. The CO mass will be further
burned regarding the oxygen content and the Boudoir equilibrium.

For the simulation of fires, further models and boundary conditions are taken into account:

• Radiation from wall to wall is considered. The view factors between the walls can be
calculated by a tool using a Monte-Carlo simulation. The radiation equations are
considering the emissivity and absorption of CO2 and steam inside the zones.

• A ventilation system can be used. For the simulation of an existing ventilation system with
a complex branching of pipes, pressure dependent fan characteristics can be applied.

• The COCOSYS contains detailed spray systems model regarding the thermal hydraulic
behaviour of droplets in the atmosphere and with the capability for the simulation of spray
water touching hot surface structures.

• For real plant applications, detailed models for the simulation of the behaviour of doors,
valves, rupture discs etc. can be used.

3.2.Detailed cable fire model

The concept of the detailed cable fire model is similar to the one used for the simulation of oil
fires. The main differences are, that the distribution inside the burned material is no longer
homogeneous and the propagation along the cable trays has to be considered (Erreur!
Argument de commutateur inconnu.). Inside this model different fractions are handled: H
which is released first, HCL, CHX fractions and at least the pure C fraction. The release of the
first three fraction is calculated by a diffusion like equation similar to that of the oil fire model.
The remaining carbon fraction is burned at the cable surface. To simulate the flame
propagation, the cable structure can be separated into two parts. This model, especially the
propagation model is still under development. The combustion process and the interaction
with the thermal boundary conditions are the same as for the oil fire model.
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Fig. 3-Erreur! Argument de commutateur inconnu. Concept of the pyrolysis model for cable burning



3.3. Simplified cable fire model

In practice it is difficult to specify pyrolysis rates for complex cable fire scenarios. Therefore
a simplified concept has been developed including in some way the feedback from the
thermal boundary conditions [3]. This model assumes a constant specific pyrolysis rate R

kg ^

m2s
and a propagation velocity v+ [m/s] in the positive and negative direction. The

resulting pyrolysis rate is assumed as:

r = Rb ( d 0 + v t )
with the reaction rate r [kg/s], the initial burning length d0, the initial burning position l0, the
width b [m] of the cable tray (Erreur! Argument de commutateur inconnu.).

(2)
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Fig. 3-Erreur! Argument de commutateur inconnu. Concept of the simple cable pyrolysis model

The flame propagation depends on the direction of the tray. Therefore, the model
distinguishes between horizontal and vertical cable trays. The propagation velocity may
depend on the surrounding zone temperature. For the connection of different cable trays or
tray segments the relative position of the connection is given by the user. It is possible to
connect the tray segments at each end point (segmentation of cable trays according to the
control volumes), or to define a crossing of tray segments, or to define parallel tray
segments. For a cable tray, several conditions for ignition or stopping of the pyrolysis exist
(Erreur! Argument de commutateur inconnu.).

Tab. 3-Erreur! Argument de commutateur inconnu. Criteria for ignition of a cable tray or stop of
burning

Reason
Ignition via signal (user input)
High zone temperature

Ignition via another cable tray

Stop due to low zone temperature

Complete burn out

Criteria

lo, d0

' ian

lo, d0 (calculated by
connection data)

Tout

Time delay

tdelav

A

v±

tout

The simplified cable burning model considers in a rough way the thermal hydraulic boundary
conditions, but the real temperatures of the cable surface, needed for a deterministic
calculation of the pyrolysis, are not calculated. Especially for low oxygen conditions this
model may lead to some deficiencies. Therefore, an additional criterion has been introduced
for low oxygen conditions to reduce the pyrolysis rate. The species considered in the cable
burning model are H2, HCI, CO and CHX fractions. As for the oil burning model, these
fractions may combust in the atmosphere or will be transported to other regions in case of
low oxygen conditions.



4. TEST CALCULATIONS

4.1.HDR E41.7 Experiment

The implemented oil fire model has been tested on the HDR (Heissdampfreaktor) E41.7
Experiment [4,7]. The oil fire experiment has been performed in the burning room 1502,
where two doors have been implemented, which could be opened and closed during the
experiment. Additionally, the burning room could be supplied with fresh air via the HDR inlet
ventilation system and from the room 1511. Via three different outlet ventilation systems the
hot burned gases could be removed and cleaned by filters. Under these experimental
conditions, forced ventilated conditions with air reversal rates about 5 to 30 as well as natural
ventilated and mixed ventilated conditions could be realised. Inside the burning room a 2m2

steel pan filled with 40 I of oil was ignited.

4.1.1. Nodalisation

For the simulation of the experiment a detailed nodalisation for the complete system has
been used. The complete HDR containment has been subdivided into 211 zones (control
volumes) connected by 456 junctions. For the simulation of heat transfer into the walls 371
structures have been defined. To consider the local conditions in the burning room it has
been subdivided into 4 layers in the main burning part and into 3 layers in the floor part. Each
layer consists of 22 zones (Erreur! Argument de commutateur inconnu.). With this
nodalisation the stratification in the burning room and the counter current flow through the
open doors can be calculated. The floor consists of 3 layers and 4 zones per layer. To avoid
artificial convective flow, all compartments in the 1500 level have also been subdivided into 3
layers. The rest of the HDR containment nodalisation corresponds to that used for the
simulation of the HDR E11.4 experiment [8].



Fig. 4-Erreur! Argument de commutateur inconnu. Top view of the burning room



4.1.2. Results

Only the fire room will be discussed here, more details are given in [4].

• Ignition of oil (0 - 500s)
In the initial phase after the ignition of the oil, there are ventilated conditions with an air
reversal rate of approx. 10 in the burning room. The calculated temperatures in the burning
room are calculated nearly 400 K too high (Erreur! Argument de commutateur inconnu.).
It has to be mentioned, that only the radiation of steam and CO2 of the hot gas to the
structures is considered in this calculation and therefore too low. For the calculation, no
reduction of the reaction heat or similar adjustments have been used. During this phase the
amount of oxygen is too low for a complete burning. The concentrations of CO and CO2 are
reasonably calculated (Erreur! Argument de commutateur inconnu.). Concerning the oil
mass (Erreur! Argument de commutateur inconnu.) it has to be mentioned, that the
experimental data have been corrected to avoid negative oil masses. The pool fire situation
is simulated quite well. The code calculates relative constant pyrolysis rate underlining the
stability of the implemented model.
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Fig. 4-Erreur! Argument de commutateur inconnu. Temperature at different positions in the burning
room

• Increasing of ventilation rate, start of oil injection (500s - 900s)
In this phase, the ventilation rate is increased to an approximate air reversal rate of 30.
Under this oxygen rich conditions the calculated temperatures rise further, which has been
observed not so steep within the experiment (Erreur! Argument de commutateur
inconnu.). The CO is completely burned. In the calculation some CO still remains.
Additionally, the reaction on the increasing O2 concentration and decreasing CO2

concentration is calculated larger in comparison to the experiment (Erreur! Argument de
commutateur inconnu.). This shows the strong influence of the thermal hydraulic boundary
conditions on the burning process. The oil mass at the beginning of oil injection (825s) is
calculated sufficiently well.

• Opening of left door, changing of oil injection rate (900s - 1900s)
At this time, the door 1 is opened, changing strongly the thermal conditions inside the
burning room. From 900s to 1500s, the oil injection rate is stepwise increased. Looking at the
experimental result of the oil mass, it can be concluded that the pyrolysis rate is mainly
determined by the oil injection rate.
In COCOSYS, the injected (relative cold) oil is put on the upper layer without considering a
mixing between the layers. This may be the reason, why in the last section with the highest



injection rate the calculated oil mass is increasing. Until 1500 s the temperatures in the
burning room are increasing corresponding to the injection rate. In the calculation, the
temperature level is already very high at the beginning of this phase, mainly effected by the
opened door. Corresponding to the increased oil injection and increased pyroiysis rate, the
oxygen concentration, which is at the beginning on a high level, is decreasing during this
time period. The CO2 concentration behaves vice versa and the CO concentration indicates
oxygen rich conditions. In the calculation, the main effect results from the opening of the door
changing the concentration in the corresponding way. After this, the concentrations stay
relatively constant, similar to the temperatures in the burning room.
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Fig. 4-Erreur! Argument de commutateur inconnu. Gas concentrations in the burning room
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• Opening of the second door, stop of ventilation system (1900s - 3800s)
At the beginning of this phase, the injection rate of the oil is increased stepwise, leading to
the corresponding effects inside the burning room. At about 2100s, the second door is
opened and the ventilation system is stopped. This can be observed in the temperature
measurement CT5207. These effects are not observed in the calculation, showing that not
all local effects can be simulated, although a very detailed nodalisation has been used. The
behaviour of the model in comparison to the experiment is rather similar to the previous
phase. The oil injection rate is reduced within two steps at 2700s and at 3100 s. This leads to
the corresponding stepwise behaviour of the burning temperatures and the concentrations
(e.g. of O2). Particularly the second step is well calculated, because there is nearly no oil
inside the pan and the pyrolysis rate is directly determined by the oil injection rate.

• End of experiment, spraying (3800s - 5400s)
At the end of the experiment the oil injection is stopped and the spray system is actuated for
a short time period. The ventilation system is restarted. For the spraying the detailed spray
model is used, considering the droplets falling through the hot atmosphere into the hot pan.
The combustion zone above the pan is using a non-equilibrium zone model. The collected
water in the sump is connected to the hot pan surface. The temperatures are sufficiently
calculated (Erreur! Argument de commutateur inconnu.).

4.2.HDR E42 Experiments

The HDR E42 cable fire experiments have been performed in the same room 1502 [9]. To
avoid the smoke distribution throughout in the containment, only the fire room and the
connected floor area have been used. To realise forced and natural ventilated conditions,
one inlet and two outlet fan systems can be activated and the position of the door can be
changed during the experiments Erreur! Argument de commutateur inconnu. shows the
positions of the different horizontal and vertical cable trays. For the testing of the simplyfied
cable model against the experiments E42.1, E42.2 and E42.41, a nodalisation simular to that
for E41.7 has been used (Erreur! Argument de commutateur inconnu.)-
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Fig. 4-Erreur! Argument de commutateur inconnu. HDR E42 experiments: position of the cable
trays

4.2.1.HDR E42.1

In this experiment, three cables of the tray III have been ignited. According to the zone
nodalisation the cables of tray III have been divided into 4 parts of 1m each (Erreur!
Argument de commutateur inconnu.). The specific pyrolysis rate has been set to 12 g/m2s.
To improve the initial behaviour a segment of 0.2 m with a higher specific pyrolysis rate of 42
g/m2s was chosen. The higher rate is needed, due to the pre-heating from the initial fire (gas
burner). For the propagation velocity along the tray a value of 5 cm/min has been used. The
inlet and outlet fan system of the fire room has been activated. At the beginning, the doors
have been closed. After 21 min the fire doors have been opened.
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Fig. 4-Erreur! Argument de commutateur inconnu. Nodalisation of the fire room and the floor
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Fig. 4-Erreur! Argument de commutateur inconnu. Segmentation of the tray III for E42.1
experiment

Looking in the temperture meassurement on the cables, all three cables burned down.
Simulating this in the calculations, the room temperatures and the smoke concentrations
become too high. Therefore, the cable density has been reduced according to the
experimental results (Erreur! Argument de commutateur inconnu.). In this case, the
calculated concentrations are in a very good correspondance to the measured ones (Erreur!



Argument de commutateur inconnu.)- Due to the low burning rates oxygen rich conditions
occur. As soon as the right fire door is opened, hot gases reach the floor. The caluclated
temperatures and gas concentrations are in good correspondance to the experimental
results. As an example, the comparison at position G is presented in Erreur! Argument de
commutateur inconnu. and Erreur! Argument de commutateur inconnu.).
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4.2.2.E42.41 experiment
In this experiment, four cables lines of the tray II have been ignited. Looking in the
experimental results, the flame propagation has been influenced by the inlet fan system,
because the propagation starts more than 1 m from the left side and propagates towards the
fire door only. Of course, this effects cannot be simulated by the simple model. These effects
have been considered by a specific segmentation of the tray and reduction of the
propagation velocity by a factor of 100 (Erreur! Argument de commutateur inconnu.).
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Fig. 4-Erreur! Argument de commutateur inconnu. Cable segmentation for the E42.41 experiment

In comparison to the E42.1 experiment, the temperatures inside the fire room are higher. A
reduction of the cable density is not necessary in this case. Erreur! Argument de
commutateur inconnu. presents the comparison of the temperatures inside the fire room.
The maximum calculated temperatures are approx. 100 K too high. Furthermore, the initial
temperature development looks somewhat different between the calculation and
measurement. It is obvious, that initial effects from the initial fire and local venting flows
cannot be simulated by the simple model. The temperature decrease at the end of the fire
corresponds qualitatively quite well with the experiment. The comparison between calculated
and measured gas concentrations is corresponding to the temperature behaviour (Erreur!
Argument de commutateur inconnu.). The increase of the fire is somewhat stronger as
calculated. The concentrations during the decrease process of the fire are sufficiently well
calculated. The temperatures in the floor are calculated to high, corresponding to those of the
fire room. Similar good results are gained for the CO2 concentration in the floor area. Due to
the oxygen rich conditions practically no CO is calculated.
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Fig. 4-Erreur! Argument de commutateur inconnu. HDR E42.41 experiment: Gas concentrations in
the fire room (pos. D)

4.2.3.E42.2 Experiment

The behaviour of the fire during the E42.2 experiment was very different to the both previous
ones. The initial fire position was below the cable line 5 of the tray I. Even in this case the
initial flame has been influenced by the inlet ventilation system. But the flame propagation
now occured in both directions, leading to a double pyrolysis rate and much higher
temperatures (Erreur! Argument de commutateur inconnu.). The room temperatures were
so high, that after about 600 s other cable trays started to burn over the complete lenght. In
the simple cable model, it is possible to consider this effect. But one should be aware that the
criteria of the surrounding (athmospheric) zones or structures temperature may be very
limited. For the calculations a ignition value of 380°C (for zone temperature) with a time delay
of 200 s, or of 320°C (for structure temperature) and a time delay of 100 s has been used.
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Fig. 4-Erreur! Argument de commutateur inconnu. Cable segmentation for E42.2 experiment

Erreur! Argument de commutateur inconnu. presents the comparison of the calculated
and the measured burning rates. The correspondance is reasonably well. Due to the very
high fire room temperatures some cables covered with insulation material (because these
cables are foreseen for later experiments) have started to burn. Therefore, it is somewhat
difficult to perform a post calculation, because the detailed boundary conditions are not
known. The temperatures in the fire room are calculated somewhat too high (Erreur!
Argument de commutateur inconnu.). At about 840 s the fire extinguishing system has
been started. This system is modelled with a spray system model in COCOSYS, simulating
the droplet behaviour in a hot atmosphere and the spraying on hot surface structures. Up to
now, some problems exist in the calculation of this phase. The pyrolysis rate seems to be too
high and parts of the atmospheric zones remain burning. Therefore, the strong temperature
decrease could not be calculated. The concentrations are calculated sufficiently reasonable
(Erreur! Argument de commutateur inconnu.). The strong oxygen decrease at about 600
s is due to the stop of the inlet fan system. The calculated CO and CO2 concentration is
calculated quite well until 700 s. The peak concentration of unbumed carbon fraction during
the fire extinguishing is not calculated.
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5. APPLICATION ON A CABLE SPREADING ROOM OF A VVER 1000 TYPE
REACTOR

The fire hazard analysis performed for a Russian-designed NPP of the type VVER-
1000/W-320 has been restricted to the cable spreading rooms below the unit control
room (Erreur! Argument de commutateur inconnu.). For these compartments, a
detailed estimation of the fire loads, the room geometry and all safety related
systems have been performed. Using these data, a detailed nodalisation scheme

'4B& • •:•••' •"•
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was set up. The size of each cable spreading room is approximately 18.5 m to 23 m
length, 11.5 m width and about 2.1 m height. On the top there is a false ceiling with
openings inside.

Fig. 5-Erreur! Argument de commutateur inconnu. Cable spreading room

Inside the cable spreading rooms, there are neither electric/electronic cabinets, nor motors
and other aggregates. According to the existing fire safety concept, both cable spreading
rooms as well as the cable shaft rooms (vertical cable channels) are constructed as separate
fire compartments. The fire doors between these rooms are not closing automatically. For
both cable rooms an air conditioning system is installed. The air volume exchange rate is
approximately 1400 m3/h for each cable spreading room. Inside the inlet and outlet shafts,
fire dampers are implemented, which are closing at 70°C by thermal actuation (fusible link).
In case of a fire, the fan system will be stopped manually. For fire detection inside the cable
rooms, two lines with automatic fire detectors (optical smoke detectors) are available. The
fire detection system automatically actuated the stationary spray water deluge system, which
is supported by redundant pumps and control stations. The spray water system can be feed
by water from different extinguishing water supply vessels. In addition, portable fire
extinguishers for manual fire suppression are available in the cable spreading rooms.
The total fire load is mainly composed by PVC cable insulation material of the cable trays.
Most of the cables (low power signal cables and cables < 380V) are inserted in metal trays.
Only a few lateral cables are implemented openly. The position of the main trays is shown in
Erreur! Argument de commutateur inconnu.. Erreur! Argument de commutateur
inconnu. outlines the calculation of the fire load densities inside the respective rooms from
the total amount of combustible cable material and the corresponding ground floor area of
the rooms.

Tab. 5-Erreur! Argument de commutateur Inconnu. Estimation of fire load densities

Room
219.1

219.2

220.1/2

220.3

Total mass of PVC [kg]

13200

9870

386

750

Floor area [m2]

206

220

7.8
24.4

Fire load density [kWh/m2]
321

224

247

153



5.1. Nodalisation of the Cable Spreading Rooms

Despite from other pyrolysis programs such as CFAST or MAGIC, in COCOSYS the different
compartments have to be subdivided into so-called zones to simulate stratified conditions
and local effects. Inside one COCOSYS zone, there is no separation between hot and cold
gas layer. Therefore, the subdivisions of a compartment into zones (nodalisation) have to
consider the following aspects (Erreur! Argument de commutateur inconnu.):
• The nodalisations have to be detailed enough, to be able to simulate stratified conditions.
Therefore, at least four level of zones have to be defined. For the room area above the
ceiling, two levels of zones have been used.

• To be able to calculate local convections inside the both large cable rooms, the room
219.1 has been subdivided into 19 zones per level (zones Z1 to Z19). The cable room is
subdivided into two parts separated by several wall segments. Therefore, the left part has
been subdivided into 20 zones per level (zones U1 to U20) and the right part into 16 zones
per level (zones R1 to R16).

• Although the staircase is not so important for the fire hazard analysis, each room has
been simulated by one zone per level. The floor to the staircase has been additionally
subdivided into the zones TR6, TR7, TR10 and the staircase itself TR11. The left staircase
has been subdivided in a similar way.

• The rooms in front of the cable rooms are simulated by Z20, Z21 and by R17 and R18.

Fig. 5-Erreur! Argument de commutateur inconnu. Cable rooms below the control unit of a VVER-
1000



For the analysis, only the level to be considered has been investigated. It has been assumed
(in a conservative way), that the staircase is open to the environment. In Erreur! Argument
de commutateur inconnu. the position of the air inlet and outlet fan systems is shown.
Particularly for the simulation of the outlet fan temperature, the shafts themselves have been
simulated by different separate control volumes.
The existing spray water system has been simulated by several pump systems. The real
existing conditions are very sophisticated. The positions and spray directions of the different
spray nozzles are differing. Additionally, the pipe cross sections and form loss coefficients
are practically not known. Therefore, the water distributions have been roughly estimated
according to the available schemes. The spray water injection is installed inside the highest
zone level. The spray droplet behaviour is simulated by means of a detailed spray model.
The pyrolysis rate of each cable tray distributed inside the different zones has been
calculated by the above described "simple cable burning" model. Erreur! Argument de
commutateur inconnu. gives an overview of the trays. In total, 407 cable tray segments
have been defined.

Fig. 5-Erreur! Argument de commutateur inconnu. Position of the cable tray segments

For the fire hazard analysis three different cases have been selected. The first two cases
assume very conservative boundary conditions to receive conservative results for possible
damages and fault times. A third scenario has been chosen as realistic as possible to
analyse the effects of cable protection.



5.2. Results

This contribution briefly presents one of the conservative calculations. Details can be found
in [5]. In this case, all doors are assumed to be fire resistant with a rating of 90 min (F90) and
the inlet fan system is running all the time. The outlet fan system will stop if the gas
temperature inside the shaft reaches 70°C. The cables are not assumed to be protected. The
initial fire position is assumed to be in 219.1. The ignition temperature is assumed to be
250°C with a time delay of 60 s (conservative assumptions).
After a short and high temperature peak at the initial position in zone Z11, the temperatures
are decreasing due to the oxygen consumption (Erreur! Argument de commutateur
inconnu.). At about 17000 s, a flashover into the cable room 219.2 is calculated, leading to a
second temperature increase. During all the time stratified temperature conditions are
calculated.
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Fig. 5-Erreur! Argument de commutateur inconnu. Temperatures at the initial fire position



The gas concentrations in zone Z11 show a characteristic behaviour, according to the
different situations during the sequence (Erreur! Argument de commutateur inconnu.).
The fire damper of the fan system near to the initial fire is closed after 49 s, the other fan
system is stopped after approximately 5000 s. Since the inlet fan system is still running, the
concentration of unburned pyroiysis gases is reduced and the CO2 concentration increases

25.0
(V1 .2AA): cable room : F2a

0 . 0

0 . 0 2OOOO.

Fig. 5-Erreur! Argument de commutateur inconnu. Gas concentrations at initial fire position

(tendency to oxygen rich conditions). Between 9000 and 13000 s, the fire doors between the
both cable rooms are failing. After about 17000 s, the first cables in the cable room 219.2
start to burn. Before the fire doors between the two large parts of the cable spreading rooms
start to fail, the temperature in the right part of these rooms is relatively low. At about 10000
s, the doors start to open. At this time, the temperatures in the right part are slightly
increasing (Erreur! Argument de commutateur inconnu.). For the ignition of the cables in
the right part a temperature of 250°C over a time of 60 s is needed (user input values). This
results in some time delay for the calculated flashover.
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Fig. 5-Erreur! Argument de commutateur inconnu. Temperatures in the zones Z11, Z3, U18, U8,
R8

6. CONCLUSIONS

In COCOSYS different types of pyrolysis models for the simulation of oil and cable fires are
available. Following the COCOSYS philosophy, the pyrolysis rate is calculated by the code
itself for the detailed models, considering the temperature profile in the burned material and
the boundary conditions above. A test applying on the HDR E41.7 experiment demonstrates
a stable behaviour of the oil fire for the thermodynamics of the material structures with
variable thickness. The detailed cable fire model is still under development.

To improve the handling of user defined pyrolysis rates, COCOSYS has been extended for a
"simplified" simulation of cable tray fires. In this model, the specific pyrolysis rates and fire
propagation velocities taken from experiments can be defined to calculate an pyrolysis rate
considering somewhat the calculated thermal hydraulic boundary conditions. This model has
been successfully tested using the HDR E42 cable fire experimential results. It should be
mentioned here, that the results strongly depend on the input parameters (e.g. specific rates,
ignition temperature) due to the positive feedback of the pyrolysis processes.

For the cable spreading rooms below the unit control room of a Russian design VVER-
1000/W-320 type reference NPP, different calculations have been performed in the frame of
an exemplary fire hazard analysis. The analysis discussed here represents conservative
boundary conditions to consider a potential failure of safety related systems. The initial pilot
fire was assumed to start in zone Z11 (cable room 219.1). The available oxygen is consumed
rapidly. Therefore, the combustion process is controlled by the oxygen concentration
available. Due to the fact that the feedback of the burning process on the pyrolysis rate is not
considered, additional parameter studies for the first case have been performed. One effect
observed was, that although the pyrolysis rate was reduced, some local temperatures (e.g. in
zone Z11) are higher. That means, that an increase of the pyrolysis rate will not automatically
lead to conservative results.

For the further model improvements, GRS is participating in the 'International Collaborative
Project to Evaluate Fire Models for Nuclear Power Plant Applications' [10]. In this project,
different benchmark calculations and discussions on further fire model development will be
performed.
The tests mentioned above show the capabilities of the present COCOSYS pyrolysis models.
In the future, additional calculations for model validation should be performed.
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