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ABSTRACT

The main objective of this work is to develop modelling guidelines in the use of containment
models to more accurately predict hydrogen distribution in the HDR facility and to assess the
ability of both lumped and distributed parameter models in predicting natural convective
flows within containment. Experiences learned from this exercise will be applied to present
methodologies used in licensing analyses for CANDU containments.

PRESCON2 simulations of hydrogen distribution experiments performed in the HDR facility
show hydrogen and helium concentrations are under-predicted at high elevations and over-
predicted at low elevations. Acceptable predictions of the gas concentration are obtained in
the vicinity of the release. Results obtained from GOTHIC simulations using lumped
parameter models are very comparable to those predicted by PRESCON2. This indicates that
lumped parameter codes tend to over-estimate the degree of mixing of fluids due to the
inherent nodal atmospheric homogeneity assumption in their numerical formulation.

Results obtained from the GOTHIC simulation using a simple distributed parameter model
show little improvement compared to those predicted using the lumped parameter model. This
indicates that a simple 3-D model will not be sufficient to make significant improvements in
the results. More detailed modelling of the junction flows and finer grids should lead to more
accurate results. More detailed investigations employing finer 3-D meshes is under
investigation.
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1. INTRODUCTION

Hydrogen distribution experiments have been performed in the HDR containment facility for
the purpose of evaluating computer code capabilities for predicting hydrogen distribution in
containment building following a LOCA. This paper presents a comparison of code
predictions (using two computer codes PRESCON2 and GOTHIC) to experimental results for
the particular experiment El 1.2 in which a H ^ e mixture was injected into the containment
building following a long term steam discharge.

A lumped parameter simulation was performed using PRESCON2 and both a lumped and
distributed parameter (3D) simulation were performed using the GOTHIC containment
analysis code.

The lumped parameter results from PRESCON2 and GOTHIC were similar and tended to
underpredict the gas concentration at high elevations and over predict it at low elevations.
This trend is thought to be characteristic of lumped parameter models which lack adequate
spacial discretization to accurately predict natural convective flows.

The distributed model using GOTHIC which employed a fairly coarse spatial mesh in
specified regions of containment (with other regions being modelled as lumped parameter)
failed to yield any improvement in the results for local gas concentration. Reasons for this
lack of improvement over lumped parameter predictions are postulated.

2. HDR-CONTAINMENT MODELLING METHODOLOGY

This section presents the modelling methodologies employed in modelling the HDR-
containment as a lumped parameter model (PRESCON2 and GOTHIC) and as a distributed
parameter model (GOTHIC).

2.1 Lumped Parameters Models

The HDR facility is divided into 14 nodes (volumes). Each node consists of adjacent
compartment connected to one another by large physical openings. The thermalhydraulic
behaviour in all compartments which belong to a node is assumed to be the same. Figures
2.1-1 and 2.1-2 show the nodalization of the HDR-containment. The volume of each node is
calculated by adding all volumes of the compartments which belong to that node. Information
on containment modelling is taken from References 1 to 5.



2.1.1 PRESC0N2 Model

For the PRESCON2 model, the hydraulic nodal parameters are calculated based on the
average inertial length assumption in which each node is treated as a cylinder with its inertial
length equal to the cube root of its volume. The hydraulic cross-sectional area of each node is
assumed to be equal to the volume divided by the nodal length. The nodal hydraulic diameter
is calculated as the diameter of a circle with an area equal to the nodal hydraulic cross-
sectional area.

Flow junctions are modelled by an implicit implementation of inertial junction flow. This
includes the gravitational body force. When the junction is vertical, the junction centre is
assumed to be located at a height which is the average of the lower room ceiling height and
the upper room floor height. If the junction is horizontal, the junction centre is assumed to be
located at the central height of the overlapping vertical area of the two rooms. The junction
area is defined as the cross-sectional area of the physical opening between the two rooms. A
minimum flow loss coefficient of 1.5, based on one sudden contraction and one expansion, is
used for all junctions. There are 141 flow junctions in the PRESCON2 model to represent all
connections between rooms (closed flow paths are excluded in the PRESCON2 model).

For data compilation purposes the structural elements within the HDR containment have been
classified into inner walls and outer walls. Inner walls are walls not adjacent to the steel shell,
they consist of partition walls between adjacent compartments or walls with their surface
within one single compartment. Outer walls can either be concrete walls adjacent to the steel
shell or the steel shell itself. Painted walls are also included in the model. Metal internals
(equipment) are assigned into 4 classes depending on thickness, the 4 classes are:

a. 0 < d < 3 mm
b. 3 mm £ d < 20 mm
c. 20 mm < d < 40 mm
d. 40 mm < d < 999 mm

Not all materials are modelled, only steel components. Furthermore, any internal component
with an area less than 1 m2 is neglected. There are 306 wall types (thermal conductors) in the
PRESCON2 model.

2.1.2 GOTHIC Model

For the GOTHIC model, each node is treated as a rectangle. The bottom elevation of each
node is the elevation of the lowest compartment which comprises the node. The nodal height
is calculated as the difference between the lowest and highest elevations of the compartments
which belong to the node. The nodal cross-sectional area (pool area) is assumed to be equal
to the nodal volume divided by the nodal height. The nodal hydraulic diameter is calculated
as the square root of the nodal cross-sectional area.



In order to reduce the number of actual flow paths in the containment model (Section 2.1.1),
all flow paths connecting the same pair of nodes (parallel flow paths) are combined to form a
single junction (i.e., equivalent junction, Figure 2.1-2). It is assumed that flow cross-sectional
areas are additive. The hydraulic diameter is assumed to be equal to the square root of the
flow cross-sectional area. The inertia length and the friction length is assumed to be equal to
half of the sum of the nodal hydraulic diameter of the two nodes.

The junction end heights of the equivalent junction are derived from the actual end heights of
each parallel flow path (actual location of the opening) based on the weighted average of their
cross-sectional flow areas. The flow resistance coefficient for small junctions is assumed to be
equal ttTl.5. Large openings (greater than 5 m2) are assumed to have a flow resistance
coefficient of zero. This assumption is considered to be justifiable for natural convection
flows in containment after the blowdown period.

Walls and internal steel components in the HDR-containment are modelled as thermal
conductors. There are three classifications of thermal conductors modelled in each node: The
inner concrete, outer concrete and steel. The concrete types also include all concrete with
steel plate surfaces and the steel type includes all metallic components (e.g., ferrittic steel,
austentic steel, galvanized steel, copper, gray-iron casting, aluminium, brass and lead).

It is assumed that the surface area and the volume of thermal conductors of the same
classifications are additive. The average thickness of each class is assumed to be equal to the
total volume divided by the total surface area. For concrete walls (thermal conductors) the
thickness of the first layer is assumed to be 0.03 cm (Reference 7). The thickness of each
subsequent layer is taken to be twice as thick as that of the previous one. The thickness of
each subsequent layer is doubled until the layer thicknesses sum to the wall thickness. For
steel structures, the first thickness is assumed to be 0.13 cm. Outer walls are modelled with
one surface exposed to the ambient atmosphere at 25 °C. Inner walls are modelled with one
surface exposed to the containment atmosphere and one surface insulated.

For nodes which will be sub-divided in the 3-D model, each wall is divided into 4 equal
segments of the same thickness whose surface areas equal to one fourth of the total surface
area of this wall type estimated for this node. There are 67 conductors of 34 types in the
GOTHIC model of the HDR-containment.

2.2 Distributed Parameter Model

The distributed parameter model is derived from the GOTHIC lumped parameter model
described in Section 2.1.2 above. To create the 3-D model, the following modifications are
made:

- Node 13 (Dome compartment) is equally subdivided into 64 volumes (i.e., 4x4x4 ).
- Nodes 2, 9, 10, 12 are each subdivided into 27 equal volumes (i.e., 3x3x3).



- The turbulence model is activated for each subdivided volume. The turbulent anisotropy
factor is assumed to be 1.0, the liquid and vapour turbulent Prandtl numbers are assumed to
be 1.0. The mixing length parameters are assumed to be 0.33 m and 0.66 m for the liquid and
the gas phase respectively (Reference 6).
- The momentum transport option is activated (option N&T) for junctions connecting two
subdivided volumes (Reference 6).
- Thermal conductors in the subdivided volumes are oriented as: N,S,E,W and are
automatically subdivided as the node is subdivided (Reference 6).

3. RESULTS AND DISCUSSIONS

Transient values of : pressure, temperature and helium/hydrogen mixture volume percents
predicted by PRESCON2 and GOTHIC codes are compared to the El 1.2 experimental values.
For lumped parameter models, the experimental values measured by the sensor are compared
against the predicted values at the node which includes the area where the sensor is located.
For the distributed parameter model, the experimental values measured by the sensor are
compared against the predicted values at the subdivided volume which includes the area
where the sensor is located. The following sensors are used for the comparison purposes:

- Containment pressure: CP401.
- Containment temperatures: CT0438, CT0431, CT9302, CT8501, CT6603, CT3301.
- Hj/He gas mixture concentration: CG1438, CG1436, CG1431, CG1093, CG1085, CG1033.

3.1 Containment Pressure Comparisons

Containment pressure is measured by the pressure sensor CP401 located in the dome area
(node 13). Figures 3.1-1 and 3.1-2 show the predicted containment pressure compared against
the experimental measurement for the first 700 min (up to the termination of the LOCA at
693.8 min) for the PRESCON2 and GOTHIC lumped parameter models respectively. The
predicted pressure is higher than the experimental value after approximately 150 min. This is
largely due to the fact that the heat loss by instrument cooling was not modelled due to
insufficient information (Reference 2). The overall heat loss caused by instrument cooling is
believed to extract between 10 to 15% of the total injected energy.

The GOTHIC model slightly underpredicts the containment pressure during the first 100 min
compared to that of the PRESCON2 model. This is largely due to the difference in the
modelling of thermal conductors (walls and internal steel components) in the two models. The
PRESCON2 model has a more detailed wall model than that used in the GOTHIC model (306
thermal conductors in PRESCON2 compared to 67 thermal conductors in the GOTHIC
model). The difference lies in the modelling of steel components in the HDR-containment.
The present methodology used in the GOTHIC model overestimates the heat absorbtion rate
of steel components in the containment causing too much heat removal at the beginning of



the LOCA (steel has a much higher thermal conductivity than concrete).

The predicted containment pressure from the GOTHIC distributed parameter model (Figure
3.1-3) shows no significant difference compared to that of the lumped parameter models. It
seems that the selection of a lumped parameter or a distributed parameter model has a
minimum effect on the containment pressure prediction.

3.2 Containment Temperatures Comparisons

Figures 3.2-1 to 3.2-8 show the results of predicted containment temperatures in comparison
to the measured values by comparable sensors at several locations in the HDR-containment
for the PRESCON2 and GOTHIC lumped parameter models. The comparisons are presented
in sequence starting at the dome (Figures 3.2-1, 3.2-2), to the break location (Figures 3.2-3,
3.2-4) and down to the lower levels of the containment which are below the break level
(Figures 3.2-5 to 3.2-8). It is noted that both models slightly underpredict the containment
temperature at high elevations (Figures 3.2-1 and 3.2-2) and overpredict the temperature in
the lower sections of the containment (Figures 3.2-5 to 3.2-8). The overestimation of
containment temperature in low elevations and underestimation of temperature at high
elevations is due to the inherent assumption of nodal atmospheric homogeneity of the lumped
parameter model.

For both models, at the break location, the predicted temperature transient lies between the
two measured transient values (Figures 3.2-3 and 3.2-4). Temperature predictions obtained by
the GOTHIC lumped parameter model are slightly better than those of the PRESCON2 model
(i.e., higher temperature predicted at high elevation and lower temperature predicted at low
elevations). This is due to the elimination of parallel junctions in the model (reduction of flow
junctions by equivalent junctions, Section 2.1.2 ) which tends to minimize the mixing
mechanism. However, the results obtained from both models are very comparable and clearly
show the limitation of the lumped parameter codes (or models) in predicting containment
temperature fields due to natural convective flows.

The temperature predictions obtained from the GOTHIC distributed parameter model are
shown in Figures 3.2-9 to 3.2-12. It is noted that little improvement was observed compared
to those predicted by the lumped parameter models.

3.3 Comparison of Predicted Gas Concentration

Figures 3.3-1 to 3.3-8 show the comparisons between the measured and predicted gas
concentration transients over the period between 740 min and 950 min which covers the
entire gas injection/mixing period for the PRESCON2 and GOTHIC lumped parameter
models. It is clear that both models under predict the helium/hydrogen gas concentration in



the dome region (high elevation). On the other hand, the predicted values are much higher at
the lower regions of the containment in comparison to the measured values. This
overprediction in the lower regions compensates the underprediction in the higher elevations
of the containment (conservation of mass). Only in the middle section, at the vicinity of the
gas injection is the predicted gas concentration somewhat similar to the measured transient.
The GOTHIC lumped parameter model gives slightly better results compared to those
predicted by the PRESCON2 model. This is largely due to the reduction of parallel junctions
which minimizes the mixing mechanism.

The predicted transient gas concentrations of the GOTHIC distributed parameter model are
shown in Figures 3.3-9 and 3.3-10. The results show little difference compared to those
predicted by the lumped parameter model. This could be due to :

- Employment of equivalent junctions (Section 2.1.2) results in the inaccurate spacial
distribution of junction flows (individual openings). This is due to the fact that individual
junction flows could be connected to different cells of the subdivided volume depending on
the grid size of the subdivided volume and the cross-sectional flow area of the junction. If an
equivalent junction is used to represent all junctions connecting two volumes, it will be
connected to a single cell of the subdivided volume. This will affect the fluid distribution in
the subdivided volume. However, the employment of equivalent junction is valid for lumped
parameter models due to the homogeneous assumption.

- For large volumes and especially the break node, a much finer grid should be used to have a
finer spacial distribution of fluid flows and to avoid multiple junctions connecting to the same
cell. This would minimize the unrealistic mixing mechanism found in lumped parameter
models.

4. CONCLUSIONS

Simulations of El 1.2 experiment were done using the PRESCON2 and GOTHIC codes to
develop modelling guide lines in the use of containment models to more accurately predict
hydrogen distribution in containment. They also help in assessing the ability of each code in
predicting natural convective flows. Based on the results presented in Section 3 the following
conclusions and recommendations are made:

- Lumped parameter codes (or models) tend to over-estimate the degree of mixing of fluids
due to the inherent nodal atmospheric homogeneity assumption in their numerical formulation.

- A simple distributed parameter model derived from the lumped parameter model by
subdividing certain volumes using coarse grids does not show a significant improvement in
parameter predictions. The distributed parameter model should have an adequate number of
nodes (to be determined) to accurately model the containment.



- For large volumes and especially the break node, a finer grid should be used to subdivide
the volume in order to have a finer spatial distribution of fluid flows and to avoid multiple
junctions connecting to the same cell. This would better approximate the actual local fluid
transport.

- For distributed parameter models, employment of equivalent junctions (Section 2.1.2) results
in the inaccurate spatial distribution of junction flows. This method should only be used for
lumped parameter models.

- Further work is underway to determine the required spatial 3-D discretization to reproduce
the experimental results.
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Figure 2.1-1 Cross Section of the HDR-Containment According to the
14-Node Model
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Figure 3.1-1 Predicted Containment Pressure. Lumped Parameter Model by PRESCON2
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Figure 3.3-5 He/H2 Gas Mixture Concentration. Lumped Parameter Model by PRESCON2 Figure 3.3-7 He/Hj Gas Mixture Concentration. Lumped Parameter Model by PRESCON2
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Figure 3.3-9 He/H2 Gas Mixture Concentration. Distributed Parameter Model by GOTHIC
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