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Abstract

Hydrogen may be generated in the reactor core by the zirc-steam reaction for a postulated loss of coolant accident
(LOCA) scenario with loss of emergency core cooling (ECC). It is important to predict hydrogen distribution within
containment in order to determine if flammable mixtures exist. This information is required to determine the best
locations in containment for the placement of mitigation devices such as igniters and recombiners.

For large break loss coolant accidents, hydrogen is released after the break flow has subsided. Following mis period
of high discharge the flow in the containment building undergoes transition from forced flow to a buoyancy driven
flow (particularly when local air coolers (LACS) are not credited).

One-dimensional computer codes Gumped parameter) are applicable during the initial period when a high degree
of mixing occurs due to the forced flow generated by the break. During this period the homogeneous assumption
of lumped codes is applicable. However, during the post-blowdown phase (when the break flow has subsided) the
assumption of homogeneity (particularly in large volumes) becomes less accurate and it is necessary to employ
three-dimensional codes to capture local effects. This is particularly important for purely buoyant flows which may
exhibit stratification effects.

In the present analysis a three-dimensional model of CANDU 6 containment was constructed with the GOTHIC
computer code using a relatively coarse mesh adequate enough to capture the salient features of the flow during the
blowdown and hydrogen release periods. A 3D grid representation was employed for that portion of containment
in which the primary flow (LOCA and post-LOCA) was deemed to occur. The remainder of containment was
represented by lumped nodes. The results of the analysis indicate that flammable concentrations exist for several
minutes in the vicinity of the break and in the steam generator enclosure. This is due to the fact that the hydrogen
released from the break is primarily directed upwards into the steam generator enclosure due to buoyancy effects.
Once hydrogen production ends, the concentrations in these areas become non-flammable again: In the boiler room
(volume above the reactivity mechanisms deck) flammable mixtures are not predicted due to the large volume
available for mixing. In other areas of containment, particularly below the break, flammable mixtures are not
predicted as there is insufficient forced flow to propagate hydrogen downwards.

INTRODUCTION

In certain postulated accident scenarios, such as a large loss of coolant accident with coincident loss of
emergency core cooling, hydrogen may be generated in the reactor core by the zirc-steam reaction. The
hydrogen-steam mixture would be released as a jet or plume into the reactor vault through the break in the primary
circuit. Various transport and mixing mechanisms are available to promote transport and dispersion of hydrogen
gas in the reactor building:

- During the blowdown phase, inter-compartmental flows driven by differential pressures between various areas
within the reactor building and forced convection flow produced by recirculation fans, local air cooler fans and
momentum transfer from dousing sprays contribute to the transport and dilution of hydrogen from the break
location. Turbulent mixing of the hydrogen and air/steam mixture will be expected during this period.
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- After the blowdown, hydrogen is transported primarily by buoyancy-driven natural convection flows due to
the low molecular weight of hydrogen and the thermal gradients existing between compartments due to heat
sources, heat transfer to colder containment structures, and steam condensation.

Depending on atmospheric conditions at various locations in the reactor building (i.e., local concentration of
gases and air-steam mixture, containment pressure and temperatures), hydrogen ignition may occur, if the
hydrogen-air-steam mixture is within the flammability limit

Although one dimensional (lumped parameter) codes may be adequate for well mixed accident scenarios (i.e.,
large breaks, or scenarios in which the hydrogen release occurs during the blowdown), their performance for low
flow scenarios governed by natural convection may not be as adequate as that of three dimensional codes to predict
local effects.

The GOTHIC containment analysis code (References 1,2, and 3) is a three-dimensional code which has been
validated against small scale hydrogen distribution experiments (in both lumped parameter and sub-volume mode)
and has been acquired by AECL. The objective of this work is to perform hydrogen distribution analysis for
CANDU 6 containment using GOTHIC in order to assist designers on the best locations for the installation of
hydrogen mitigation devices such as igniters/recombiners.

CONTAINMENT RESPONSE

Containmentpressure and temperature response following a break in the primary circuit depend on the transient
coolant mass discharge rate and coolant enthalpy.

In the first few seconds (depending on the break size) the break room pressure and temperature increase rapidly
due to the discharge energy and mass source terms. This creates pressure differentials between the break room and
other adjacent rooms in containment.

Panels which isolate the ventilated and non-ventilated areas of containment will break if the pressure
differentials between these areas exceed their design rupture pressure. The pressure differential between the break
room and other adjacent rooms creates air-steam flows between rooms. Containment isolation will occur on a high
radiation level signal or on a high reactor building pressure signal.

Dousing is initiated when the containment pressure reaches the dousing initiation setpoint. The dousing spray
removes energy from the containment atmosphere and thereby reduces containment pressure. Depending on the
size of the break, dousing may be continuous or cyclic. After the dousing water is exhausted, containment pressure
may increase above the dousing initiation setpoint.

The differential pressures between rooms decrease as the air-steam mixture propagates throughout containment
until pressure equilibrium is reached within the containment building. At this time, differences in pressures between
rooms are mainly due to the elevation differences, room temperatures and gas densities in each room. The fluid
flowrate and the time required for the pressure to equalize between adjacent rooms depend on the opening areas
connecting these rooms, the volumes of the rooms and the geometry of the pathways.

Walls, steel structures and local air coolers act as heat sinks. As containment temperature increases, a large
amount of energy is absorbed by the containment walls. The rate of heat absorption by the walls depends on the
temperature difference between the containment atmosphere and the containment walls, the amount of steam in the
atmosphere, and the wall surface area. Steam is condensed and its associated energy is removed by the coolers.
Coolers act as a long term energy and steam removal mechanism in containment. They condense steam and assist
in reducing containment pressure and temperature.

If the ECC system fails, fuel in the core is poorly cooled and sheath temperatures will rise. Hydrogen will be
produced by the zirc-steam reaction on the fuel sheaths. Hydrogen produced by the oxidation process enters
containment through the break. At this time, even though the heat transport system pressure is low, the discharge
flowrate is expected to be sufficient such that the hydrogen/steam mixture is ejected with some jet type shape.

Depending on the release rate of the hydrogen/steam mixture, well mixed conditions may exist in the break
room due to turbulence generation by the jet and by the local air cooler fans. Temperature differences between rooms
generated by varying heat generation and removal rates create buoyancy induced flows. They contribute to the
transport and dilution of hydrogen within the reactor building. Hydrogen and steam rise due to buoyancy forces.
Steam will condense at high elevations and cooler downflows of air would be expected to form adjacent to the
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reactor building walls. The rate and location of steam condensation is very important in assessing the potential for
flammable mixtures to form since the potential for a flammable mixture depends on the temperature and the
H2/air/steam composition. Hydrogen transport will be sensitive to the magnitude and direction of these buoyancy
driven flow patterns.

Depending on atmospheric conditions in containment (i.e., local concentration of non-condensable gases and
steam, containment pressure and temperatures) and the extent of mixing, the hydrogen concentration in certain areas
and at a certain time could reach ignitable limits. However, the igniters would burn the hydrogen when the
concentration reaches the ignition threshold limit, thus preventing high hydrogen concentrations.

ANALYSIS METHODOLOGY

The following sub-sections present the analysis methodology and assumptions which are used to produce the
GOTHIC model. This information has been used to provide guidance in the development of the methodology.

General Description of the CANDU 6 Reactor Building

The CANDU 6 reactor building contains the reactor and associated equipment including the steam generators.
Its outer walls form the structure which is part of the containment system. The containment structure is a prestressed
concrete building comprising three structural components: a base slab, a cylindrical wall, and a hemispherical dome.
An impermeable lining is provided to minimize leakage during overpressure transients.

The containment building consists of approximately four distinct horizontal levels with a large dome at the top
housing the dousing headers. Figures 1 and 2 depict the internal structure of the containment building.

A large portion of the reactor building is accessible when the reactor is operating to permit on-power routine
maintenance, inspections and testing. Shielding for personnel from steam generator radiation fields is provided by
the steam generator enclosure concrete walls. Access to the containment building during operation is gained through
either of two airlocks. Large equipment enters or leaves the containment building via an equipment hatch. Shielding
doors are provided within the reactor building between the accessible area and the fuelling machine maintenance
rooms and also between the reactor vaults and the fuelling machine maintenance rooms.

Representation of the CANDU 6 Reactor Building

The CANDU 6 reactor building is divided into a number of volumes (hereafter called nodes) in the preparation
of the GOTHIC containment model. Each volume may consist of adjacent compartments connected to one another
by large physical openings. The following sub-sections provide the details of and rationalization for the nodalization
of the CANDU 6 reactor building and GOTHIC code modifications.

GOTHIC Code Modification

A modified version of the GOTHIC containment code (version 4.1 b-aecl) was used in the present study. In this
version the original solver for solving the pressure correction matrix was replaced by a sparse matrix solver supplied
to NAI by AECL in order to accelerate code execution time. The code, with the new solver installed, was tested,
documented and reviewed by NAI before being released to AECL.

Methodology for Estimation of Reactor Building Free Volume

The free volume of each room (net volume available for flow) is calculated by subtracting the volume of the
major equipment located in the room and another small volume to account for miscellaneous items (such as cables,
slabs, etc.) from the actual volume of the room. The volume of the major equipment in each room is approximated
by assuming that each piece of equipment is cylindrical in shape. The total free volume is approximately 48,000 m3.
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Methodology for Containment Nodalization

The objective is to develop a hybrid containment model (combination of lumped and distributed nodes) of the
CANDU 6 reactor building for GOTHIC based on information obtained from large scale gas mixing experiments
and experience learned from previous lumped simulations.

Gas mixing experiments in the HDR reactor building show that:

- Stratified atmospheric conditions are expected in the reactor building after the loss of coolant accident (LOCA)
especially at high elevations in the reactor dome. The degree of stratification depends on the size and the
location of the LOCA, as well as the degree of turbulence occurring during the hydrogen discharge period.

- Natural convection flow is the dominant fluid transport mechanism for small LOCA events.

- Light gas mixtures at high temperature (originating from the break location) that are transported to high
elevation areas in the reactor dome by either forced convection or natural convection will tend to remain there
if recirculation flow patterns are not established.

The HDR reactor building volume is about 11,300 m3 (about one quarter of the CANDU 6 volume). It also
has a cylindrical shape (like the CANDU 6) with a diameter of 20 m and a height of about 60 m. The volume of
the upper dome region is about 5,000 m3. Most of the gas mixing experiments were performed for small LOCA
events except the T31.5 experiment Experiments with injection sources at high elevations can be related to LOCA
events in CANDU 6 where most of the steam is transported to the dome R-501 via the boiler enclosures R-508 or
R-509. The injection source at low elevation can be compared to CANDU 6 events where most of steam discharge
is released from the vault R-107 or R-108 to the moderator area R-l 11 by the side and back openings in the vault.

Previous lumped code simulations show that for a small LOCA with the injection source located at high
elevations lumped parameter models underestimate hydrogen concentration above the injection source and
overestimate hydrogen concentration at low elevations (Test El 1.2). This is a direct consequence of the
homogeneous assumption. Prediction of hydrogen concentration is somewhat acceptable for large LOCA due to
well mixed conditions (Test T31.5).

Thus, based on the above understanding the following criteria are used to define the node-link arrangement for
the GOTHIC CANDU 6 containment model:

a) Rooms which are at comparable elevations and heights, located far away from the assumed break location, and
are connected to one another by relatively large openings (i.e., doorways and vents) can be grouped together
and modelled as a lumped node.

b) Small individual rooms connected to a common area by single openings can be either lumped all together to
form a lumped node connecting to the common area or can be combined with the common area.

c) A large volume which connects to other rooms of different size, height and/or elevation (i.e., the reactor dome
and the moderator area of the CANDU 6 reactor building) should be modelled as a 3D distributed volume with
cells of approximate volume 30 m3 and 1 m or 2 m high to achieve reasonable resolution to predict fluid flow
patterns due to natural convection caused by density gradients (References 4 and 5). This is a compromise
between cell size and computing speed so that computing time is not prohibitive. Connections between this
volume and other areas in the reactor building are modelled with junctions. Solid obstacles such as large
concrete structures in a distributed volume can be modelled with null cells which have zero fluid volume and
zero-flow boundaries (Reference 3).

d) The break node can be modelled as a lumped volume for large LOCA scenarios if hydrogen is released during
the blowdown. This approach is judged to be acceptable since the hydrogen/steam mixture will be well mixed
inside the break room due to the turbulence created by its own momentum (i.e., conditions within the volume
are homogeneous). However, for events where hydrogen is released after the LOCA has subsided, the large
initial discharges are over by this time and the fluid transport mechanism may be buoyancy-dominated. In order
to capture buoyancy effects realistically, the break node is modelled as a 3D distributed volume with cells of
approximate volume 10 m3 and 1 m or 2 m high to reasonably predict the natural convection flows.
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Based on the methodology given above the CANDU 6 reactor building is nodalized as follows:

- Node 1 consistsofroomsR-lll,R-112,R-501,R-502,R-503,R-504,R-505,R-506,R-507andR-601 based
on criteria b) and c). This node is modelled as a 3D volume with a minimum cell volume of approximately
15 m3 (4.4 m x 3.5 m x 1 m). Concrete structures such as the two vaults (R-107 and R-108), the two boiler
enclosures (R-508, R-509), the reactor core concrete block and the stairwell R-017 in the volume are modelled
by null cells. Resistance to vertical flow from R-501 to R-601 by the dousing spray system is not modelled.
The total number of nodes is 1176.

- Node 2 consists of rooms R-108 and R-508 (reactor fuelling machine vault and the steam-generator enclosure)
based on criteria d. This node is selected as the break node for the analysis. The break node is modelled as a
3D volume with the shielding door R-108 A closed to minimize the volume of the break node and to minimize
mixing. The node is modelled with cells of minimum volume 6 m3 (6 m x 1 m x 1 m) to predict the fluid flow
patterns and hydrogen transport due to natural convection (References 4 and 5). The volume occupied by the
steam generators is modelled with null cells. The total number of cells is 504.

The remainder of containment is modelled by the following lumped nodes:

- Node 3 consists of the stairwell 101. This stairwell is modelled as a lumped node based on criteria a).

- Node 4 consists of the stairwell 102. This stairwell is also modelled as a lumped node based on criteria a).

- Node 5 consists of rooms R-103, R-107 and R-509. This node is similar to node 2 but it will be modelled as
a lumped volume for all break scenarios since it is not selected as the break node.

- Node 6 consists of rooms in the front of the basement of the reactor building: R-002, R-003, R-004, R-005,
R-006, R-013, R-014, R-106. They are modelled as a lumped volume based on criteria a) and b) with the
exception of the rooms R-005 and R-106. However, since they are far from and/or not directly connected to
the break node, these rooms are included in this node in order to reduce the number of nodes in the GOTHIC
model.

- Node 7 consists of rooms in the centre and the back of the reactor building basement including the stair case
R-017 and R-007, R-008, R-009, R-010, R-011, R-012. They are modelled as a lumped volume based on
criteria a and b. All of these rooms are lumped as one volume since they are expected to have the same gas
mixing and atmospheric conditions as the air-steam mixture and hydrogen enters these areas from the
moderator area R-111.

- Node 8 consists of rooms R-l 10, R-113, R-l 14, R-115 R-201, R-301, R-302, R-303, R-304, R-305, R-306 and
R-307. They are modelled as a lumped volume based on criteria a and b. with the exception of rooms R-l 10,
R-113, R-l 14 and R-115. Since the total volume of these rooms is very small and they are open to R-201, they
can be included in this node even though they are at lower elevations.

- Node 9 consists of rooms R-401, R-402, R-403, R-405 and R-406. These rooms are modelled as a lumped node
based on criteria a) and b).

In summary, Nodes 1 and 2 are represented as distributed volumes since they form the primary flow areas in
the period of natural convection flow.

Figure 3 illustrates the three dimensional nodes which are modelled, together with the major flow paths.

Junction Modelling Methodology

Lumped parameter volumes are connected to other lumped/distributed volumes by junctions that employ a
one-dimensional flow model, with no momentum transfer.

Momentum transfer (normal and/or transverse) at junctions connecting two distributed cells or a lumped
volume cell to a distributed volume is modelled. Junction loss coefficients are estimated based on the geometry of
the flow paths (Reference 6).
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Walls and Internal Structure Condensation Area Modelling Methodology

Concrete walls and structural steel are modelled in order to account for heat transfer between the containment
atmosphere and these structures.

Additional Heat Sources

Additional heat sources due to lighting, motors, the reactor face, etc., are assumed to be negligible for hydrogen
distribution analysis in order to increase the steam condensation due to lower containment temperature. This will
increase the predicted volume percent of the hydrogen gas component in the containment atmosphere.

Ventilation Inlet and Outlet Models

During normal reactor operation, the reactor building ventilation system provides an open pathway connecting
the containment atmosphere to the outside environment (17,000 m3/hr). When containment isolation is initiated,
these pathways close thereby suppressing inlet/outlet flaws.

For large LOCA scenarios, containment isolation by pressure signal occurs within the first few seconds
following the pipe break which cause the ventilation inlet and outlet systems to be isolated. Therefore, for large
LOCA they do not have any appreciable effect on the predicted hydrogen concentrations in the reactor building.

General Assumptions on Air Cooler Model

Inside containment there are four local air coolers (LACs) located in each of the fuelling machine rooms (R-107
and R-108), two small air coolers in the moderator area (R-lll), eight air coolers in the boiler area (R-501) and
seventeen small air coolers distributed throughout the remaining containment rooms. All 35 coolers are assumed
to be available in order to maximize the steam condensation rate in the reactor building. Steam inerting can render
mixtures non-flammable, so it is conservative to minimize the amount of steam. For conservatism, forced flow from
the cooler fans was not modelled.

Dousing Model

The dousing system consists of a reservoir located at the top of the reactor building, and pipes connecting this
reservoir to. six outlet headers. Valves allowing water to flow to the headers are activated on a pressure signal.

In the distributed model in which the dome is modelled in 3D, it was decided to use the dousing flow rate as
predicted by PRESCON2 as input to the GOTHIC spray model, since for the large LOCA analysis considered here
dousing is continuous from approximately 9 s to 100 s based on a previous PRESCON2 analysis. Although a
complete dousing model could be constructed from the basic models in GOTHIC, this would be time consuming,
particularly in modelling the dousing cyclic behaviour. For breaks in which dousing cycles on and off such a model
may have to be constructed in the future.

Blowout Panels

Blowout panels are generally located along the perimeter wall at various locations throughout containment to
provide room separation within the building for individual atmosphere control. These blowout panels are designed
to rupture when the differential pressure exceeds the specified design value of 6.9 kPa(d) ± 2.0 kPa(d).

For large LOCAs (i.e., the 100% ROH break considered in this analysis) containment pressure reaches
8.9 kPa(g) within the first few seconds following the accident long before appreciable hydrogen enters containment.
Therefore, it is not required to model panels for large breaks. In these cases, it is assumed that all panels fail at the
start of the LOCA.
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Instrument Air System

For the assessment of hydrogen distribution no instrument air source term is assumed. This conservatively
reduces the amount of air in the reactor building, therefore, maximizing the concentration of hydrogen (volume
composition).

General Assumptions on Containment Atmosphere

The containment atmosphere is assumed to be at 0% relative humidity and at 100 kPa(a) at the start of the event.
The reactor building is assumed to be at 40°C (highest temperature).

Leakage Modelling

The reactor building is assumed to be leak tight to maximize the amount of hydrogen in the containment
atmosphere.

Steam/Water and Hydrogen Discharges to Containment

The steam/water and hydrogen discharges to containment correspond to a 100% ROH break with LOECC. The
direction of the break is assumed to be horizontal towards the reactor face.

RESULTS

Fluid Flow Patterns in the Containment

Figure 4 shows the predicted fluid flow pattern during the blowdown period (40 s) inside the accident vault.
A well mixed condition is predicted inside the accident vault at this time. The steam/air mixture hits the reactor face
and purges out from the accident vault to the moderator/boiler areas via the vault openings and the boiler enclosure.

Following the blowdown, a highly superheated steam discharge of approximately 1.5 kg/s and 5000 kJ/kg
(max.) exits the break. At 70 s, high temperature hydrogen is discharged into the vault for about 40 min (2500 s).
This changes the fluid flow pattern in the accident vault as shown in Figure 5 (2500 s). Most of the steam and
hydrogen are directed upward to the boiler enclosure R-508 due to temperature gradients in the accident vault R-108.
A colder air/steam mixture enters the accident vault from the boiler room via the side and back openings.

Prediction of fluid flow patterns in the moderator/boiler area on the side of the accident vault are shown in
Figures 6 and 7. During the first 10 s the air/steam mixture in the accident vault R-108 is purged out to the moderator
area via the back vault opening and rises to the boiler area via the moderator area R-lll (Figure 6). An established
flow pattern is predicted after 20 s. The steam/air mixture is purged out from the accident vault R-108 via the steam
generator enclosure R-508 to the boiler area R-501 and the reactor dome R-601 and also from the side vault opening
to R- l l l below the ECC valve area (Emergency core and shutdown cooling valves area). Colder air flows
downward to the moderator area R-ll l (the moderator pumps and heat exchangers area) and enters the accident
vault via the back vault opening forming a circulation loop (Figure 7).

Hydrogen Concentrations in the Accident Vault

Most of the hydrogen release from the break is transported to the reactor dome R-501/601 and a very small
amount of hydrogen is found elsewhere in the reactor building. The area which has highest hydrogen concentration
during the release period is in the vicinity of the broken header and the area immediately above this location in the
steam generator enclosure. Therefore, most of the important findings will be in the accident vault (R-108) and the
reactor dome (R-501/601).

Figure 8 shows the predicted hydrogen concentration during the release period in the vertical direction at the
break location. The hydrogen concentration in the vicinity of the broken header reaches a maximum predicted value
of approximately 15% at 750 s. At approximately 1.5 m above the break the concentration reaches 11.5% in the
steam generator enclosure R-508. At higher elevations in the steam generator enclosure (approximately 6 m above
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the break location) die predicted hydrogen concentration reaches 9.5%. At the top of the boiler enclosure the
predicted hydrogen reaches 8.4%. However, at the floor elevation in the vault the hydrogen concentration is much
lower (approximately 3% after 1600 s). At 1700 s the hydrogen concentration is approximately 3% in all of these
areas.

Figure 9 compares the hydrogen concentration in the break ceil with die hydrogen concentration in die
immediate surrounding cells on the same horizontal plane. The highest concentration is always predicted in the
break cell. This seems to indicate mat die lateral diffusion process is very slow and most of die hydrogen flows
upward to die dome (R-501/601) via the boiler enclosure R-508 on the side of die break. These results do not credit
forced flow from the LAC fans and are therefore probably conservative. But, diey indicate die potential for
hydrogen accumulation in die boiler enclosure area. This suggests die location for H2 mitigating systems.

Hydrogen Concentration in die Boiler Area

Figure 10 shows the predicted hydrogen concentration in die moderator area (from die moderator enclosure
R-112 and the space above it up to the reactor dome R-601. The highest concentration is predicted at the top of die
reactor dome (ceiling of die dousing tank) during die first 1000 s. The hydrogen concentration decreases as die
elevation decreases. Curve 4Rls860 shows die hydrogen concentration at die cooler elevation. The concentration
of hydrogen near die stairwell R-017 at the elevation of die boiler enclosure top is shown in curve 4R1 s664. Curve
4Rls468 shows die predicted concentration at me R-5xx elevation floor and curve 4Rls27 shows me concentration
at die R-l 11/112 floor elevation. The predicted concentration is quite uniform after 2000 s at 3.2%.

Hydrogen Concentration in Odier Areas

The maximum hydrogen concentration in die remainder of containment was approximately 3%.

SUMMARY AND CONCLUSIONS

This section provides discussions and recommendations based on die analysis results. The main objective of
die analysis is to predict die "local" hydrogen concentration in the reactor building following a LOCA widi LOECC
using a distributed containment model (3D containment model). A hybrid model with die accident vault
(R-108/508), the moderator and the boiler area (R-111,501,601) in distributed mode (3D) and the rest of the
containment modelled as lumped volumes (ID) was constructed. The results of die analysis indicate die following.

In die accident vault, forced convection flow was predicted during die blowdown due to die high break
discharge. The fluid flow pattern shows a well mixed condition in die accident vault during this time. However,
die temperature in die accident vault is not uniform, especially during the hydrogen release period. In die vicinity
of die broken header and die area immediately above it the temperature is much higher compared to odier areas in
die vault. After die blowdown phase, natural convection flows are die major fluid transport mechanism for hydrogen
transport from die vault to die boiler area via die steam generator enclosure. This was caused by low flow, high
temperature hydrogen and steam break discharges. The hydrogen concentration in die accident vault is not uniform
during die release period. The highest hydrogen concentration (15%) was predicted in the accident vault in die
vicinity of die broken header. (In this study, me LAC fans (particularly in die reactor vaults) were not modelled.
In reality, die LAC fans would tend to promote mixing in me vault and tiius die H2 concentrations predicted in die
vicinity of die break (-15%) are probably over-estimated.) Lateral diffusion of hydrogen in die accident vault during
die hydrogen release period is minimal. The predicted hydrogen concentration in otiier areas in die accident vault
is about 3% to 4%. No significant fluid flows were predicted in die accident vault after the blowdown, only in me
vicinity of die broken header, widi an upward flow transporting hydrogen to die reactor dome.

In die reactor dome (boiler area R-501/601) temperature and steam density stratification was predicted in two
main regions: die area above the cooler/dousing level and die area below it. Hydrogen concentration is quite uniform
in die dome widi a predicted value of about 3% at low elevation and 3.2% at high elevation. Gas mixing is generated
by buoyancy driven flows due to temperature and gas density gradients primarily caused by me coolers. Flow loops
from die reactor dome down to die moderator area R-l 11 and into die vault were predicted during the blowdown
and continued until the end of me hydrogen release phase. This produces significant gas mixing in diese areas.
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Hydrogen concentrations predicted in other parts of the reactor building are low. About 3% in the non-accident
vault and less than 3% in other areas. The current model predicts that it takes less than 2000 s to achieve a well mixed
condition in the reactor building, including the accident vault, due to buoyancy driven flows.

From the results of this study it is clearly best to locate H2 mitigation devices at the high elevations in the vault
and in the steam generator enclosures. Future models employing a higher degree of nodalization (3D representation
of lumped nodes and a denser 3-D mesh in the vault are in progress).
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Figure 1 Reactor Building Layout
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Figure 2 Reactor Building Layout

952246/450
ens
95/09/15



openings to boiler
room/moderator area
(also modelled in 3D)

Steam
Generator
Enclosure
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Figure 7 Vapour Phase Velocity in Boiler Room/Moderate Areas at 20 s
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4R2s13 - Floor level in Accident Vault R-108(1)
4R2s209 - Vicinity of the H2 discharge (16 m above the floor level (2)
4R2s237 - 2 m above the break location (3)
4R2s349 - 21 m above the floor level in the boiler enclosure (4)
4R2s489 - 26 m above the floor level in the boiler enclosure (5)

Figure 8 Predicted Hydrogen Concentration in the Vertical Direction
at the Break Location
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Figure 9 H2 Concentration in the Break Cell and Immediate Cells on the Same
Horizontal Plane
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4R1s27 - Floor elevation in moderator area R-111 (1)
4R1s468 - 20 m above the floor level (2)
4R1s664 - 28 m above the floor level (3)
4R1 s860 - 32 m above the floor level (4)
4R1 s1154- 38 m above the floor level (5)

Figure 10 Hydrogen Concentration in the Boiler Room/Moderator Area at
Different Elevations (Same Horizontal Location)


