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ABSTRACT

The Mark I containment system of the Santa Marfa de Garofia nuclear power
plant is presently being evaluated for a specified set of severe accident
conditions. The goals are to establish a best estimate of the pressure capacity of
the containment structure and to identify the most likely failure location.

First of all, global analyses of the drywell and suppression chamber shells have
been carried out in order to capture the overall response of the structure and to
determine upper bounds for their ultimate capacity.

The global analyses have supplied appropriate boundary conditions for several
detail analyses and functionality checks (typical penetrations, airlocks, expansion
bellows, drywell head flange..) that, together with the global results, are
considered to give a good estimate for the capacity of the containment system.

The results obtained up to date show that the weakest points of the system are
the expansion bellows connecting the vent lines to the suppression chamber
shell, with that exception, the rest of the structure supports 2.5 times the design
pressure of 0.43 MPa.
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INTRODUCTION

Following the recommendations given in [1] and [2], Nuclenor, S.A., is presently
evaluating the containment system of the Santa Marfa de Garofa nuclear power
plant (figure 1) for a specified set of severe accident conditions. The effect of the
postulated accident 'is an increasing history of internal pressures and
temperatures. The containment is a General Electric BWR pressure suppressive
system, commonly called the Mark I containment.

The ultimate capacity of a containment under internal pressurization is
important for various reasons. Among others, it provides a safety factor against
design basis accidents (DBA), it indicates the time to failure for a prescribed
accident sequence beyond the DBA’s and it constitutes a key factor when
designing a venting or pressure relief system. The goals of the investigations
described here are to determine a best estimate of the containment pressure
capacity and to identify the potential failure locations. It should be emphasized
that what is sought is the actual response of the system and not a conservative
bound. The containment system of Santa Marfa de Garofa was designed to
withstand a pressure of 0.43 MPa at a temperature of 138°C; these values should
be considered conservative estimates (i.e. lower bounds) of the actual capacities.

Even though [1] and [2] give a first approximation to the mechanisms that can ba
expected, it was considered that the actual capacity of a particular containment is
very much plant dependent. The analyses already carried out have confirmed this
fact. The response of the containment above a certain pressure level is very

sensitive to local details, which may differ significantly from one plant to another.

The following sections discuss the general approach to the problem and describe
the analyses and verifications that have been performed. Finally, a summary of
the results already obtained is presented and a set of conclusions is drawn.



GENERAL APPROACH

The postulated accident is characterized by the internal pressure and
temperature time histories given in [1] for a similar containment. Roughly, the
pressure reaches 4.0 MPa in 2.0 hours and the temperature is increased up to
250°C during the same time. The time histories correspond to an ATWS
(Anticipated Transient Without Scram) scenario.

A "top-down" approach has been followed. As a first step the global response of
the system under the accident has been obtained using non linear finite element
computations. Then, several detail analyses have been carried out in order to
determine the influence of the local response in the capacity of the system. This
approach is considered to give a good estimate for the level of loading that could
produce failure of the containment.

Even though during the modelling process many assumptions are made in order
to simplify the analyses and checks, the goal is to model each feature as
realistically as possible. In this manner, the idealization is constructed to produce
an accurate (perhaps slightly conservative) representation of the real systems.

The overall assumptions are listed here:

a) The self-weight of structures and attachments are considered to
produce negligible stresses when compared with those associated with the
pressure that develops during the postulated accident.

b) The slow rate of loading (3.0 MPa/hour as a mean) allows disregarding
dynamic effects.

c) The thermal loading is considered to be uniform across the thickness of
shells; no gradients across the thickness are included.

d) The steel, which is the main component of the structures, is modelled
as a material with bilinear stress-strain behavior and temperature
dependent mechanical properties.

Since the main purpose of the system is to prevent the release of fission products
to the atmosphere, the containment is considered to fail when leakage first
occurs. This leads to two possible mechanisms of leakage: structural (shell)
failure and loss of gases through operable penetrations.

In order to characterize structural failure, it was considered that a shell fails
when the effective plastic strain reaches 1% at its middle surface or 2% at its
inner or outer surface. In some special cases, with very detailed discretizations,
local peaks up to 5% effective plastic strain were accepted.

Leakage through joints in operable penetrations has a more difficult
characterization due mainly to uncertainties in the behavior of the sealing
material (silicon rubber) under accident conditions. It is believed that some
additional experiments would be helpful for producing reliable estimates of the
pressure capacity of these joints.
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However, results from tests already conducted [3] suggest that this capacity is
usually beyond the structural one. In any case, some conclusions can be drawn
from the movements obtained at both sides of the joints in a structural analysis
of the penetration, if it is assumed that the rubber behaves as an elastic or
hyperelastic material.

GLOBAL ANALYSES

Following the conclusions reached in [1], the two main parts of the system
structure (i.e. the drywell shell and the suppression chamber shelli are
considered to be uncoupled for the loads derived from the postulated accident.
Actually, the only connection between both parts are the eight very soft
expansion bellows located along each vent line.

The former hypothesis allows studying the drywell and the suppression chamber
separately. Further simplification”is obtained if the cyclic symmetry of both
structures is taken into account. In this way only a small fraction of them
(1/16th) has to be introduced in the models,

The drywell shell has been analyzed using the ABAQUS program [4] and the
suppression chamber or torus shell has been studied using the ADINA program
[5).The corresponding finite element models can be seen in figures 2 and 3.

Under the imposed loads, both structures display an essentially linear behavior
until approximately 0.8 MPa. It turns out that the failure criteria are met earlier
in the torus analysis (1.12 MPa) than in the drywell one (1.25 MPa). The critical
location in the torus is the mitered joint, more or less at the level of the vent line
hole, and facing the drywell (figure 4). In the drywell analysis, rupture takes
place around the seismic stabilizers plate, due to the restrictions to radial
movements imposed by the seismic shear lugs and the stabilizers themselves.

The global analyses have been used to supply boundary conditions to the detail
analyses described in the following section.

DETAIL ANALYSES

In order to assess the influence of local areas in the capacity of the containment
system, several detail analyses should be carried out. Such analyses are:

- Typical penetration in the drywell.

- Typical penetration in the suppression chamber.

- Personnel airlock area.

- Equipment hatch area.

- Drywell closure.

- Expansion bellows connecting the vent lines to the torus.

Most of these studies have already been carried out at the time of writing this
paper. Some of the finite element meshes are shown in figures 5 to 8. The
ABAQUS [4], ADINA [5] and BOSOR [6] programs have been used.
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Due to lack of space, only a brief summary of the results obtained is given in
Table 1. As a general comment, it should be noticed that the weakest point of
the system is located at the expansion bellows, with a limiting pressure far below
the values obtained for other parts of the containment.

CONCLUSIONS

The guidelines of the approach followed to determine a best estimate for the
pressure capacity of the containment system of Santa Marfa de Garona NPP
have been briefly summarized.

Only partial results are presented since some of the work is still underway. From
those results it can be concluded that the weakest point in the system is located
at the expansion bellows along the vent lines, with a failure pressure on the order
of 50% of that which fails other components. With the exception of the
expansion bellows, the ultimate capacity o?the containment is at least 1.06 MPa,
or about 2.5 times the design pressure.

The analyses carried out also show that the response of the containment above a
certain level of pressure is very sensitive to local details. In fact, the critical torus

location reported in [1] is different from the one obtained here even though the
two structures are very similar.
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Cross section of the Santa Marfa de Garofia’s reactor buildin

Figure 1.



Figure 2. Drywell finite element model.

Figure 3. Suppression chamber finite element model.
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Figure 4. Eff. plastic strain evolution critical location in torus.
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“igure 5. Model for a typical penetration in drywell.

Figure 6. Model for personnel airlock.
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Figure 7. Model for equipment hatch. Figure 8. Model for expansion bellows.



