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Abstract:

The multi-compartment containment code FBPLOC for the simulation of severe accidents in
LWR plants was extended by the integration of the iodine model IMPAIR-3. The iodine model
which originally was only drafted for chains of compartments was changed for arbitrary com-
partment configurations and tightly coupled to the thermal hydraulic part.

A main progress with the coupled version FIPLOC-3.0 is the sophisticated modelling of the
aerosol iodine behaviour. In a PWR accident the mass of iodine is mainly released in form of
Csl aerosol from the primary circuit. In IMPAIR-3 the aerosol behaviour of the species Csl,
Agl and IO3" is modelled in a very simplified way causing large uncertainties in the calculated
distributions. The behaviour of these three aerosol species is treated by the aerosol model
MAEROS/MGA. Agglomeration, particle growth by condensation and all deposition processes
are calculated. The solubility effect for the hygroscopic species Csl and IO3" are compre-
hended. Furthermore the impact of the iodine decay heat on the thermal hydraulic behaviour is
considered.

In order to test the code developement a preliminary FIPLOC-3.0 calculation was done simu-
lating a German PWR containment for the core melt scenario ND* according to the German
risk study phase B. In the calculation a contact of the core melt with the sump water was as-
sumed and the containment vent line was opened after 70 hours.

The results show that the different iodine species are distributed inhomogeniously within the
containment. The Csl-aerosol concentrations differ by two orders of magnitude and the
^-concentration even by three orders of magnitude. Most of the iodine is assumed to be re-
leased as Csl aerosol out of the primary circuit. Since it fastly deposits its contribution to the
release into the environment is minor. Csl is however dissolved in the sump, where mainly the
gaseous I2 is created which can react in the containment atmosphere to IO3\ Then the main re-
lease of iodine into the environment takes place by filtered venting in form of the species IO3\

Some of the modelled features still need further improvement.

This work is sponsored by the German Federal Ministry for Education, Science, Research and
Technology (BMBF), within the project RS 979.
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FIPLOC-3.0

1.1 Code features

The multi-compartment containment code FIPLOC for the simulation of severe accidents in
LWR plants was extended by the integration of the iodine model IMPAIR-3
[GUNTAY 1992].

The code FIPLOC (Fission Product Localisation) has been developed by the Gesellschaft fur
Anlagen- und Reaktorsicherheit (GRS) mbH, germany, with the support of the Bundesministe-
rium fur Bildung, Wissenschaft, Forschung und Technologie (BMBF) [WEBER 1996].
FIPLOC is a computer code for the integrated analysis of thermal hydraulics, aerosol
behaviour including pool scrubbing and iodine behaviour in a multi-compartment containment
geometry. The main purpose of FIPLOC is to calculate the distribution and retention of
airborne fission products in a LWR containment and to predict the radioactive source term to
the environment. FIPLOC makes use of the lumped parameter technique. Tight couplings are
accomplished between the thermal hydraulic model (extended RALOC Mod 2.1 code [JAHN
1986, JAHN 1988]), the aerosol models (MAEROS, MGA [GELBART 1982, GELBART
1990], MONAM and SPARC) and the iodine model (IMPAIR-3) in order to simulate the in-
teraction processes. Effects of fission product decay heat on thermal hydraulics are
comprehended.

The containment or building considered is divided into compartments (or nodes) which are
connected by flow paths. In each compartment are calculated:

atmospheric pressure, temperature, humidity etc.

concentration of steam and up to three noncondensible gases

decay heat of fission products

heat exchange with the structures

The atmospheric flow is calculated based on the pressure differences and atmospheric densities
in the compartments. Condensate drainage is calculated by a drain model. In the structures heat
storage and conduction are simulated.

In FIPLOC the aerosol behaviour is treated by the aerosol model MAEROS. Eight different
chemical components can be simulated each using up to 20 size classes. The condensation of
steam on hygroscopic and insoluble particles is computed using the "moving grid" method. The
aerosol part uses the same nodalisation as the thermal-hydraulic part. The aerosol is trans-
ported with the atmospheric flow. In each compartment the following aerosol behaviour is
calculated:

agglomeration of particles

steam condensation on soluble and non soluble aerosol particles

aerosol deposition on the floors, walls and ceilings by sedimentation, diffusiophoresis,
diffusion and thermophoresis.
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1.2 Integration of IMPAIR in FIPLOC

The code IMPAIR-3 was written to analyse the iodine behaviour in multi-LWR compartments
and is an extended and improved version of IMPAIR-2/M. The code incorporates the same
chemical models as the revised single-compartment program IMPAIR-2.2 but using the iodine
transport modelling obtained from the first multi-compartment version IMPADR.-2/M
[GUNTAY 1992].

In a PWR accident the dominant mass of iodine is released in form of iodid aerosol from the
primary circuit. In IMPAIR-3 the aerosol behaviour of the species Csl, Agl and IO3" is
modelled in a very simplified way causing large uncertainties in the calculated distributions.

Only the sedimentation of aerosol is modelled in IMPAIR-3 according to the equation:

5 =
C;: concentration of aerosol species i [mol/l]
t : time [sec]
lq : sedimentation rate [1/sec]

where kj is assumed to be constant in time. But in fact this rate depends on the deposition ve-
locity of the particles and the surface/volume ratio of the compartment. Besides sedimentation
diffusiophoretic deposition of the aerosol particles on walls is possible.

A main progress with the coupled version FIPLOC/IMPAIR is the sophisticated modelling of
the aerosol iodine behaviour. The behaviour of the three aerosol species is treated by the aero-
sol model MAEROS/MGA. Agglomeration, particle growth by condensation and all deposition
processes are calculated. The solubility effect for the hygroscopic species Csl and IO3' is in-
cluded. Furthermore the impact of the iodine decay heat on the thermal-hydraulic behaviour is
considered. The aerosol iodine behaviour in the coupled version FIPLOC/TMPAIR is modelled
as follows [EWIG 1995]:

Droplet carry-over:
The evaporation rate of the sump is calculated in the thermohydraulic module. The droplet
carry-over is calculated in the IMPAIR module for each compartment with a sump accord-
ing to this evaporation rate.

Droplet deposition:
The droplet precipitation rate is time independent but specific for each compartment. The
sedimentation velocity is calculated from the diameter of the droplets. This value is time-
independent and the same for all compartments. The droplet precipitation rate also de-
pends on the surface area and the volume and is therefore specific for each compartment.
The renodalisation is considered.

Csl aerosol precipitation:
Csl is an aerosol component in the MAEROS module. The hygroscopic effect can be op-
tionally simulated. The airborne mass and the aerosol mass on the surfaces are calculated
in this part of FIPLOC for each compartment and each time step. In the IMPAIR part the
aerosol precipitation is calculated from these values.
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Agl aerosol precipitation:
The airborne mass of Agl and the aerosol mass of Agl on the surfaces is calculated in the
MAEROS module for each compartment and each time step, like the calculation of the Csl
aerosol precipitation. But Agl is considered as a not hygroscopic aerosol component in the
MAEROS module.

IO3' aerosol precipitation:
The precipitation rate is calculated in the MAEROS module. The hygroscopic effect can be
optionally simulated. This rate is specific for each compartment and is calculated for each
time step. In the IMPAIR part the IO3" aerosol precipitation is calculated from this rate.

In FIPLOC the nodalisation of the iodine problem can be defined differently from the thermal
hydraulic nodalisation by combining thermal-hydraulic control volumes. Thus the spatial reso-
lution of the iodine calculation can be chosen nearly independently of other parts of the calcu-
lation and computing time can be saved.

In the iodine calculation, the sumps are more important than in the thermal hydraulic calcula-
tion, because an important amount of the whole iodine is in solution in the water of the sumps.
On the other hand, the spatial resolution of the thermohydraulic calculation for the gas volumes
is not necessary for the iodine calculation. In IMPAIR a sump and the gas volume above must
be modelled as a single compartment, because the iodine equilibrium between gas and water
phase is very important. For this reason the thermal-hydraulic - aerosol nodalisation has to be
modified for the iodine calculation.
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2 Analysis of the core melt scenario ND*

In the frame of code developement a FIPLOC 3.0 calculation was done simulating a German
PWR containment for the core melt scenario ND* according to the German risk study phase B
[GRS 1990].

The following assumptions are made:

- the doors in the concrete cylinder around the inner rooms (see Fig. 1) stay closed

-14 hours after the start of the transient the core melt gets in contact with the sump

- at 70 hours, when the containment pressure has reached 6 bar filtered venting is started

The aim of this calculation was to test the coupling of FIPLOC and IMPAIR. The results are
still preliminary and cannot be used for safety or risk statements.

2.1 Containment nodalisation

Figure 1 shows the containment and its subdivision into FIPLOC nodes. The thermal-hydraulic
- aerosol nodes are indicated by the numbers without parenthesis, the iodine nodes by the num-
bers in parenthesis. Figure 2 shows the FIPLOC nodalisation inclusive the flow paths.

The spherical steel shell has the potential of effectivly retaining the fission products in case of
an accident. Within the steel shell three main regions exist:

the inner rooms which are surrounded by a concrete cylinder and contain the primary cir-
cuit (nodes 2, 3, 4, 5, 6 and 7 and 11, 12 and 13)

the rooms between the concrete cylinder and the steel shell (nodes 8 to 10)

the dome (node 1)

The inner rooms are:

node 2: room above the reactor

node 3: reactor cavern

nodes 4 to 7: steam generator rooms

node 11: stair cases

nodes 12 and 13: sumps

The annular rooms (nodes 14, 15,16 and 17) are between the steel shell and the outer concrete
shell.
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It has been assumed that the steel shell has a small leak of 1.0 E-5 m2. This is simulated by the
flow paths 21 and 22 leading into the annular rooms. The atmosphere of the annular rooms is
kept below environment pressure and the flow passes a filter (node 19) before it is released to
the environment (node 18).

In case the pressure inside the steel shell (= containment pressure) reaches 6 bar a vent line
(flow path 29) is opened releasing containment atmosphere through a filter into the
environment.

While in the thermal-hydraulic - aerosol nodalisation atmosphere and sump are separated
nodes, they are combined in the IMPAIR nodalisation. The numbers in parenthesis in Figures 1
and 2 indicate the compartments for the iodine nodalisation. Nodes 5, 7 and 13 are combined
to (101).

The environment node 18 and the filter 19 are combined to the environmental zone in the io-
dine nodalisation. Tab. 1. shows a comparison between the thermal hydraulic and the iodine
nodalisation.

2.2 Assumptions and time history of the scenario ND*

Assumptions leading to the core melt

The core heat removal by the steam generators is lost since:

- the main feed water supply to the steam generators is lost

- and the four redundant auxilary feed water systems cannot be activated

Therefore the coolant of the primary circuit evaporates. In order to decrease the primary pres-
sure two pressurizer relieve valves are opened after 1 h.

In addition the four redundant high pressure and the four redundant low pressure injections
fail. So the evaporating primary coolant cannot be replaced and the inventory of primary circuit
decreases until the core is uncovered.

This situation lasts longer than 6 h.

Time history of the scenario

First steam, gas and aerosol are released from the primary circuit via the pressuriser relieve
tank into the upper steam generator compartment node 4.

• Oh: The rupture disks of the pressuriser relieve tank break. Steam is released into the con-
tainment. (Remarque the time shown is FIPLOC time, time = 0 is 0.35 h after loss of main
feed.)

• 4.8 h: The top of the core is uncovered, the hydrogene release starts
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• 5 to 5.7 h: Core destruction, aerosol and iodine are released.

• 6 h: End of the release out of the primary circuit

• 6.5 h: The core melt falls into the reactor cavern. The core melt concrete interaction be-
gins. Steam, Hj, CO, CO2 aerosol and heat are released into the cavern (node 3)

• 14 h: The concrete wall forming the inner biological shield around the reactor, which has
up to now separated the melt and the sump, breaks. The core melt sump interaction starts.

• 70 h: The containment pressure has reached 6 bar. The vent line is opened.

• 85 h: The containment pressure has fallen to 4.3 bar. End of the calculation.

2.3 Aerosol and iodine input

Three aerosol components are distinguished. The first component is iodine in the chemical
form Csl. It is released during the core meltdown from the primary circuit into the upper steam
generator compartment where the relief tank is located. The second aerosol component con-
tains the bulk mass of core melt aerosol and is released also during the core meltdown from the
primary circuit. The third component is released later by the core melt concrete interaction in
the reactor cavern and contains no iodine.

Since the decay heat, carried by the gas and the aerosol, prevents fog formation (except for
short periods of time and locally limited), the steam condensation on the aerosol and also the
hygroscopic effect are not simulated in this calculation.

The release of aerosol and iodine takes place in the steam generator compartment where the
pressuriser relieve tank is located (node 4, respectively node (204)). Tab. 2. shows the source
term for gaseous and aerosol iodine. It has been assumed that not only one chemical form of
Iodine is released from the primary circuit, but 99% are released in the form of Csl and 1% as
I,.



594

Results

3.1 Overview about thermal-hydraulic and aerosol results

An overview about thermal-hydraulic and aerosol results is given. Mainly the features related
to the iodine behaviour are adressed.

3.1.1 Containment pressure

The release of steam and noncondensable gases results in an increase of the containment pres-
sure (Fig. 3.). A maximun of 4 bar is reached at the end of the release out of the primary circuit
(6 h). Short time afterwards with the begin of the core melt concret interaction the pressure in-
creases again reaching a maximun at t=70 h. Then the pressure decreases again, since the gas
release becomes smaller than the steam condensation on the structures.

With the begin of the core melt sump interaction at 14 h much steam is produced increasing the
pressure. At 70 h 6 bar is reached and the vent line is opend. The pressure decreases and has
reached at 85 h 4.3 bar. Here the calculation is stopped. In case it would have been continued
the pressure would have soon decreased more rapidly, since all sump water would be evapo-
rated (see below).

3.1.2 Sump water mass and temperature

Most of the steam released out of the primary circuit condenses on the containment structures
and heats them up by its condensation energy. Most of the condensate drains into the sump,
some stays in the other compartments.

The sump water mass (Fig. 4.) increases until 14 h, the start of the core melt sump interaction.
In the next 56 h 100 000 kg of water are converted into steam, increasing the containment
pressure.

With the opening of the vent line the sump water mass decreases faster. The reason is that the
atmospheric saturation temperature decreases with the decreasing pressure. Therefore much
less steam condenses on the structures and much less condensate drains back into the sump.

Until the start of the core melt sump interaction (14 h) the sump water temperature is below
80°C and colder than the temperature of the atmosphere above. Then it increases rapidly to the
saturation temperature.

3.1.3 Atmospheric flow and resulting atmospheric mixing and stratification

The atmospheric flow determines the atmospheric mixing and stratification. This results in lo-
cal differences of the:
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composition of steam and noncondensable gases

aerosol concentrations

iodine species

Since the doors in the concrete cylinder around the inner rooms (nodes 8, 9 and 10) are as-
sumed to be closed, steam and non condensible gases can enter them only from their top.
Therefore their atmosphere becomes stratified, that means the steam concentration in node 8
increases while air accumulates in nodes 9 and 10. A convection loop which mixes the atmos-
phere cannot develope. The atmosphere flow is determined by pressure balancing: for example
by compression of the atmosphere due to pressure increase and by replacement of condensing
steam.

Dome and inner rooms

The release of lighter gases into a heavier atmosphere induces a convection loop, which mixes
the atmosphere at and above the release locaction. The atmosphere below however stays
stratified.

Fig: 5. shows the convection loops at different periods in time:

Until 6 h, during the release out of the primary circuit into the upper steam generator room
node 4, a convection loop generally mixes the atmosphere of the upper steam generator
rooms and the dome, while the atmosphere in the lower steam generator rooms stays
stratified.

Between 6.1 and 6.6 h the convection loop has stopped.

After 6.6 h (0.1 h after the begin of the core melt concrete interation) a convection loop
mixes the atmosphere of the lower, the upper steam generator rooms and the dome.

The convection loop between the dome and the steam generator rooms becomes weaker
between 35 and 75 h, resulting in small differences between the gas compositions of these
regions. At 75 h (5 h after the opening of the vent line) it becomes stronger again.

Atmospheric flows after the opening of the vent line

The flow rate through the vent line starts with 4 kg/s at 6 bar and decreases to 3 kg/s at 4.3
bar. Meanwhile the steam production by the core melt - sump interaction counts for 1.7 kg/s.

That means the main net flow goes from the sump through the steam generator rooms and the
dome to the upper compartment between concrete cylinder and steel shell (node 8) into the
vent line. It is superimposed by the convection mixing the atmosphere of the steam generator
rooms and the dome.
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The atmosphere of the lower compartments between concrete cylinder and the steel shell
(node 9 and 10) stays stratified with a different gas composition than the rest of the contain-
ment. Its mass is reduced due to the decreasing pressure.

3.1.4 Aerosol

Aerosol released out of the primary circuit

The Csl and the bulk mass of the core melt aerosol behave identically, except that their masses
differ by a factor of 20. Although they carry most of the fission products, their contribution to
radiological release into the environment is minor, since their concentrations in the containment
atmosphere have decreased by five orders of magnitude, when the vent line is opened (see 3.2).

Aerosol released by the core melt - concrete interaction

The aerosol created by the core melt-concrete interaction has a different behaviour than the
core melt aerosol:

- It is released later and at a different location and therefore distributed differently in the con-
tainment than the core melt aerosol

- The core melt concrete interaction releases continuously a small amount of aerosol, therefore
its concentration "stabilises" somewhat below 1.0 E-4 kg/m3.

3.2 Iodine Results

The FIPLOC results show that the different iodine species are distributed inhomogeniously
within the containment. The Csl-aerosol concentrations differ by two orders of magnitude and
the ^-concentration even by three orders of magnitude. Of radiological importance is the Io-
dine content in the compartments in-between the concrete wall around the inner containment
compartment and the steel shell of the containment (nodes 8, 9, 10). Here is the inlet of the
vent line (see Fig. 2) and, since pipes penetrate the shell, the leak positions are assumed to be
here, too.

3.2.1 Csl aerosol

Dome and inner rooms

The Csl aerosol is released from 5 to 5.7 hours into the upper steam generator room (node 4).
The convection loops shown in Figure 5 distribute it homogeneously to the steam generator
rooms and the dome (see Csl concentrations in Fig. 6). From 35 h on however the concentra-
tion in the dome is higher than those in the steam generator rooms, because the convection
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loop between these regions has become weaker. After 75 h, when the convection is strong
again, the concentrations become homogeneous.

Dome and rooms between the concrete cylinder and the steel shell

Since the Csl is released in a period of rising pressure it is pressed into the rooms between the
concrete cylinder and the steel shell (nodes 8, 9, 10) (see 3.1.3). The atmosphere is stratified
there, therefore the local aerosol concentrations and depletions are different to the rest of the
containment. (Fig. 7).

The concentrations in node 8 (= 206) and 9 (= 207) determine the Csl release into the envi-
ronment by the leakage. While the concentration in node 8 depletes similar as in the dome, the
concentration of node 9 is higher after 10 h.

At 70 h, when the venting starts, the Csl has depleted so fare, that its contribution to the re-
lease into the environment is minor compared to the iodine species created in the sumps.

3.2.1 Iodine species created in the sump

Fig. 8. shows the concentration of I2 in the gas space. The highest concentration of \ is present
in the gasphase of the sump compartment, because this species is produced in the waterphase
from other iodine species. The increase of the concentration at the beginning is due to the io-
dine source (99% Csl, 1% y in the steamgenerator compartment. The I2 in the gasphase is
produced according the reactions:

Csl(g) - - > I"(w) - - > I2(w) - - > I2(g) (2)

The decrease of the concentration is due to the ozone reaction, which leads to iodate in the
gasphase. This steep decrease of the I2 concentration in the gasphase is due to the formation of
iodate and the fast deposition of the iodate aerosol according the reactions:

I2(g) - - > IO3-(g) > IO3-(DEP) (3)

At the time t = 70 h a second increase of the I2 takes place, because the venting of the contain-
ment causes a decrease of the sumpwater volume. For this reason the equilibrium between io-
dine in the water and in the gas is shifted to the direction of the gasphase. Fig. 9. shows the
concentration of iodate in the gasphase. This species is formed by the ozone reaction from I2.

The concentrations of the iodine species in the sump are shown in Fig. 10. The pH in the wa-
terphase is assumed to be 5.5. The dominant species in the sump at this pH is I'. Other species
of importance in the sump are I O 3 , HOI and I2. The concentration of organic iodide is very
low and of no importance for the amount of iodine in the gas space.

The release to the environment takes place in two different ways:
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1. Before venting there is a small leakage through the steel shell into the annular rooms. A
fan system holds the atmosphere of the annular rooms below environment pressure and re-
leases it via a filter into the environment.

2. The venting takes place via a filter too. Tab. 3. shows the efficiency of the filter for the
different species.

Fig. 11. shows the integrated iodine release to the environment for two timepoints. The time t =
69.4 h is just before the venting. The time t = 81.4 h is at the end of the calculation. The total
mass of iodine released to the environment at t = 81.4 h is dominated by the species IO3 '. The
amount of the other species is more than two orders of magnitude below this value. At the
time before the venting the situation is different. The amount of the released aerosol species
Csl and IO3' is almost the same. This is because the release of Csl is not very important during
the venting period. The main deposition of Csl takes place at the beginning of the calculation.
Because there is no source for Csl in the gasphase beside of the source from the primary cir-
cuit, the concentration of this species in the gas space is very low at the end of the calculation.
For this reason there is no great difference in the release of Csl between t = 81.4 h and t =
69.4 h.

Remarque

This is a preliminary calculation, since important features effecting the iodine behaviour are not
simulated in the first step:

1. The Csl is assumed to deposit and stay in a dry condition in all containment compartments
except the sump. Those compartments however contain a lot of water in form of films on the
walls and puddles on the floors. Therefore the Csl would dissolve already there and iodine in
gas form would be created. The same is true for the IO3" aerosol

2. The dissolved iodine would be transported by the condensate drainage into the sump. There-
fore most of it would accumulate there. Since the sump evaporates completely by the combina-
tion of core melt - sump contact and venting, maybe all this iodine would be released back into
the containment atmosphere. 1. and 2. would result in much higher iodine release into the envi-
ronment.

3. The production of IO3" aerosol in the gas space is due to the ozone reaction. This model is
based on experimental data obtained from a dry atmosphere. Since this is an important I2 reac-
tion in IMPAIR, the model validity should be verified for wet conditions.

4. The formation of Agl in the sump is not considered in this calculation. Since this reaction
would be a further sink for iodine, future calculations should be performed with the silver reac-
tion in the water phase.

5. The entrainment of droplets is also not considered in the calculation. This process could be
of importance during the venting period in case of a boiling sump, depending on the venting
procedure, because the iodine concentration in the gas phase is increased by this reaction.
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Conclusions

The integration of IMPAIR in FIPLOC offers a new quality of multi-compartment iodine
calculations in containments. The accuracy of the iodine source term evaluation is
significantly increased.

FIPLOC/IMPAIR calculations show large iodine concentration differences in the gas
space.

The iodine released as Csl aerosol out of the primary circuit deposites rather fastly and its
contribution to the release into the environment is minor.

Csl however is dissolved in the sumps, where mainly the gaseous I2 is created which can
react in containment atmosphere to IO3\ Therefore the main release of iodine into the envi-
ronment takes place by filtered venting in form of the species IO3\
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6 Figures and Tables

Tables:

Tab. 1. FIPLOC/IMPAIR Input Parameter

Tab. 2. Iodine Source Term in FIPLOC Compartment No. 4

Tab. 3. Filter efficiency

Figures:

Fig. 1. Containment and subdivision into nodes

Fig. 2. FIPLOC nodalisation scheme inclusive flowpaths

Fig. 3. Containment pressure

Fig. 4. Mass of water in the sump compartment

Fig. 5. Atmospheric flows, convection loops

Fig. 6. Concentrations of the Csl aerosol in the atmosphere of the dome and the inner
compartments

Fig. 7. Concentrations of the Csl aerosol in the atmosphere of the dome and the compartments
between the concrete cylinder and the steel shell.

Fig. 8.12 in the gas space

Fig. 9. IO3' in the gas space

Fig. 10. Iodine in the sump

Fig. 11. Iodine release to the environment



603

Tab. 1. FIPLOC/IMPAIR Input Parameter

number of compartments:

number of compartments simulating environment:

number of flow connections:

number of compartments with sump:

number of compartments with aerosol source:

FIPLOC

19
2
37
1
2

IMPAIR

16
1

34
1

1

Tab. 2. Iodine Source Term in FIPLOC Compartment No. 4

total amount of iodine:

fraction of J" :

fraction of J2:

15 kg

99%

1%

Tab. 3. Filter efficiency

1"

IO3"

CH3I

F = 0.990

F = 0.999

F = 0.999

F = 0.900
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Figure 1: Containment and subdivision into nodes
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Figure 2: FIPLOC nodalisation scheme inclusive flow paths



606

o

(Z
on

e 
1)

th
e 

co
nt

ai
nm

en
t

1. 
P

re
ss

ur
e

M

[b
ar

]

y

*
\

\

!

, , ,

•• ]

? V"l ^ CO C1

i ,

. o
00

. o

. o

. o

0 
5

T
im

e 
/ h

om

. o

. o

- o



Fig. 4. Watermass in the sump compartment
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Figure 5: Atmospheric flows, convection loops
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Fig. 9. IO3" in the gas space
mol/l
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Fig. 11. Iodine Release to Environment
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