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1. INTRODUCTION

Since 1985 fire experiments were done in the HDR-containment in different levels
of the plant (60 m height, 20 m diameter, 11.000 m® volume), to study temperatu-
re development and smoke spread in the whole containment and to enlarge the mea-
surement experience. The last experimental series were performed to simulate fi-
res of cable trays near the dome in-a German pre convoy plant. By this semi re-
alistic fire experiments a new data base was generated about fire characteri-
stics in nuclear containments. These datas are helpful in describing real plant
behaviour under fire.

The second aspect of the HDR-research program is to develop fire codes for multi
fire room scenarios, that means to describe the whole containment behaviour. The
developed codes should be verified by comparison with the experimental datas. In
the beginning of the HDR-project no codes were available predicting fire parame-
ters in a multi fire room scenario. The first comparison between blind precalcu-
lation and measured datas showed no acceptable agreement. The codes were en-
larged step by step, learning from the measured physical datas. To show the qua-
1ity of the codes they should calculate many physical parameters in the whole
containment, only knowing the measured burning rate of the experiments (blind
post calculation).

The datas of the experiment which were compared with the code results are shown
in another contribution at SMIRT 10.

2. CODE REQUIREMENTS

A code which describes not only the relevant effects of fire in the near sur-
roundings but also safety aspects of the whole containment in areas far away
from fire, would be the most attractive one. This code should be able to deter-
mine the time dependend burning rate and pyrolysis effects in a fire room and
take into account aspects as mass-, type- and size of burning material and the
ventilation conditions of the fire room. For any room combination of a closed
containment the local physical parameters like temperature, pressure and smoke
density should be predictable. No code is able to fulfill all these aspects.
Therefore simplified codes will be used which have shown their quality under
special conditions.

Different safety aspects are important if fire in a containment occur (Liemers-
dorf, 1987)

- integrity and stability of relevant components and structures,
- systems of electronics and engine are operable,
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- behaviour of ventilation systems and escape routes free from smoke.

So all codes were improved including many aspects as possible. Up to now work is
started to describe the influence of ventilation systems on the multi room beha-
viour under fire. For the quality of the code results a catalogue with classifi-
cation criterions was worked out (Fig. 1). This catalogue contains accuracy pat-
tern with relevant fire aspects and aspects for the physical consistence of
codes.

The experimental datas used for comparison based on an oilpool fire, simulating
a cable fire. This was necessary to protect the HDR-containment from corrosive
gases. The measured burning rate was known only when the codes started.

3. TYPE OF CODES

Describing fire aspects in multi fire room scenarios one can use
- zone models
- system codes
- field models

Zone models had been developed for conventional preventive fire protection. Each
room is divided in different segments where the energy- and mass balances are
satisfied. The calculated values of the segments represent means respectively.
In Fig. 2 measure points of the experiment and the main way of the circulating
gas is shown. The multi room scenario is built up by zone codes, sticking to-
gether of segments like fire room, door way, corridor and ten segments for the
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fire plume in the dome. In the same manner the way of the gas downward and up in
the stair cases are described by 20 segments. In each segment parameters like
temperature, velocity and its direction, gas concentration, energy- and mass
flow are calculated.

System codes were initially developed to describe the post-accident atmosphere
and the hydrogen distribution in case of loss of coolant in the containment of
Tight water reactors. By multi node approach a given building will be represent-
ed by a finite number of zones or nodes. A1l rooms of the HDR-containment are
represented by nodes in Fig. 3.
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Fig. 3: Nodalisation of HDR-Building by System Code (RALOC-GRS)

Field models describe in a two- or three dimensional way the fire impacts, i.e.
the temperature and flow profiles. The use for multi rooms scenarios will be a
problem for that type of code.

Two national zone models and one US-zone code, two system codes and one code sy-
stem with partial field modelling items were used for the blind postcalculation.

The calculations were done by

- Zone Models: Technical University of Braunschweig (TUB) Germany,
University of Kassel (GHK), Germany,
Technical Research Center (VTT), Finland

- System Codes: Gesellschaft fiir Reaktorsicherheit (GRS), Germany
Los Alamos National Laboratories (LAL), USA

- System code with field modelling items: Batelle Institut (BF), Germany.

The abbreviations are used to mark the results in the following figures. Later
on SIEMENS/KWU joined in this program with a zone model. The results of that code
are not discussed in this paper as the calculations were not done under contract
conditions of the HDR-project for blind postcalculations.

4. COMPARISON OF MEASUREMENT AND CALCULATION

The represented results can be assigned to different areas mentioned in Fig. 1.

- zone of the fire compartment inclusive ventilation openings,

- zone close to fire included the near field area. This means the corridor near
the fire room or the hot gas plume flowing in the dome.

- zone away from fire called far field is the rest of the containment, especially
the areas were the circulating gas is flowing like stair cases.

In the following figures results of temperature, pressure and velocity are shown.
The measured values are always line 1. The points of calculation are marked in
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Fig. 2. Temperature development in the fire room outside the flame zone are
shown in Fig. 4 with calculation results of five codes and the measurement. In
the early stage of fire two codes gave results with more differences in compari-
son to the measurement as one can accept. The results for the quasi-stationary
phase of fire all codes are in the accuracy (Fig. 1) except for one code.

In the closed containment a pressure rise happened caused by temperature increa-
se of air. The pressure in the fire room was calculated by four codes and has a
large difference to the measured values (Fig. 5). The pressure level of calcu-
lated 180 mbar is to neglet against the pressure of 5 - 6 bar during an accident
in case of loss colant.
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The ventilation opening of fire room is the limiting condition describing fire
effect for the whole containment. Therefore temperature, velocity and gasconcen-
tration were calculated, which enables to determine energy- and mass flow into
the rest of containment. Results of calculated hot gas velocity in the door
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opening are shown in Fig. 6. The accuracy is in general acceptable, as this pa-
rameter is needed for the physical consistence of the codes.

In the near field area the temperatures at different levels of the 19 m high
plume were calculated (Fig. 7). This plume influenced the steel shell directly,
so accuracy pattern of 15 - 20 % are necessary. The results will give a hint of
quality for most of the codes.
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For the far field a lot of measured datas werecreated during the fire experi-
ments describing local gas concentration increase, velocity distribution and
temperature rise. In general differences grow up comparing the calculated re-
sults of the codes. In the higher level of the dome the average hot gas tempera-
ture increased up to 120 °C after 30 min fire duration. Most of the code results
are showing a good accuracy comparing with the measured results for this area
(Fig. 8). The main gas circulation (Fig. 2) is flowing downward the staircase

181




1 meas. 3 TUB 5 GHK BRA

8 2 GRS 4 BF 6 LAL

3 ‘ ) .

& i i i | L E i E : Fig. 8:

| | | | | | .

8 ] Gas Temperature in the

“ ! ! ! ! : ! : : : | Dome at 45 m Height of
s ! ! ! ! ! L ! : : HDR (calculated and
S e e CTTTrTTTITT e measured)
© I I oo i

| |
4 8 ! - =
z | I 1 !
w 8 | | | L
x &
]
Yo
& 5 g
g i
=
i .
| i
- I S N S S S
-4.00 00 4‘00 8.00 12.00 16.00 20.00 24.00 28.00 32.00 36.00 40.00

TIME IN MINUTES

towards the fire room. In some areas of the far field the compared results are
showing a decrease in accuracy.

5. CONCLUSION

Discussing the results one can say in general the codes described the dominating
fire parameters in the accuracy pattern introduced in Fig. 1 for the near field
as well as for the far field areas of the fire room. Especially the upgraded
zone models are able to verify fire effects in zones far away from fire in the
same quality as the other codes. For the future the HDR-project is looking for
codes which are able to calculate the fire impacts in a containment comparing
their results with real fire experiments
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