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Containment system plays a fundamental role in the management of accidental conditions,
including Severe Accidents.

One of the objectives of the reactors of the new generation is to strongly limit the environmental
impact of the plant, even in the unlikely event of a severe accident, so that immediate protective
countermeasures outside of the site boundary are not needed.

The European Utilities Requirements (EUR) ask for a containment which is able to mitigate
external hazard effects, including airplane crash and pressure wave, and internal effects of
hypothetical severe accidents, maintaining a stringent leaktight for the whole accident duration. In
addition, EUR asks for a double containment as the preferred solution.

As a consequence, one of the preferred containment configurations for European future plants,
but also in other country as Korea, is the double concrete containment.

This solution makes the decay heat removal from the containment a challenging issue. Different
solutions for decay heat removal from the concrete containment have been studied by ENEL together
with ANSALDO and ENEL R&D Division before selecting the one which is able to meet the
following conditions:

• Heat removal
primary containment structural integrity
primary containment design leaktightness
pressure reduction to 50% of the containment design pressure within 24 hours

- "Severe Accident Safe State" (SASS)
long-term concrete integrity

• Hydrogen control function
• Primary and Secondary containment isolation function
• Source Term reduction

The innovative containment decay heat removal system
for double concrete containment consists of a number of two-
phase (water-steam) closed loops in which the non-
condensables are removed. Each loop is provided with internal
and external heat exchanger (immersed in a water pool) and
connecting piping (fig. 1).
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FIG. 1. PCCS schematic.

The number of loops depends on the plant size and on
the containment design pressure.

Non condensables are practically absent in order to
allow the system operation also at low containment atmosphere
temperature, to avoid freezing for the external water pool
during severe weather conditions and to allow a continuos
detection of the circuit integrity and a higher heat removal
efficiency.
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The internal heat exchanger, located in the containment dome, consists of finned tubes
connected to upper and lower headers. The tubes are aligned in a small number of rows staggered and
inclined. The containment atmosphere circulation through the tube bundle is driven by the natural
draught of a skirt (reverse chimney).

The external heat exchanger consists of "U" shaped finned tubes with a vertical common header
for both steam inlet and condensate drain outlet. The external heat exchanger is immersed in a pool;
cooling air driven by an external chimney flows on the pool surface after the water level decrease.

The heat transfer mechanisms are:

Inside containment:
Condensation of the steam-air mixture inside the containment atmosphere on the external

surface of the internal heat exchanger, boiling of the cooling fluid in the intermediate loop (internal
side of the internal heat exchanger tubes).

Outside containment:
Heat transfer of the cooling steam-water mixture and condensation in the external heat

exchanger. Heat is transferred to the pool water up to the boiling temperature. Then, decrease of the
water pool level due to the boil off starts a natural draught air circulation; in this phase, heat removal
occurs by the combination of air cooling on the dry portion of the heat exchanger and water pool
evaporation. In this way the pool water temperature and the containment pressure start decreasing. The
pool water capacity has been sized for more than 3 days of operation with neither operator action nor
active system being required. Finally, when the pool is empty, the external heat exchanger works as an
air-cooled heat exchanger if water is not restored; in fact, the external heat exchanger has been sized
so that the heat removed by air matches the decay heat at 72 hours keeping the containment pressure
well below the containment design pressure.

The air flow is prevented by the water, which acts as a water seal, during normal operation. This
water seal will avoid the water freezing and removal of excessive heat from the containment during
normal operation with severe cold weather conditions.

Furthermore, an option of this innovative system provided with spraying system before 72 hours
has been also tested. Water from the pool can be used for cooling the dry portion of the external HX in
order to increase the heat transfer and, then, to reduce the containment pressure up to a value close to
the normal range in about one week. This spraying system is more economical and, at the same time,
the electrical power required is very low so that a sufficient independence of the containment heat
removal system from the preventing systems can be maintained (e.g. by means of dedicated batteries).

An extensive research programme has been set-up and funded over the last years by ENEL in
order to support the design effort. Part of this test campaign has been developed, from 1996 until
1998, in the INC0N (INnovative CONtainment Cooling for Double Concrete Containment)
Programme supported by the European Commission in the frame of the Fourth Framework
Programme on Nuclear Fission Safety; the Programme has been carried out by a Consortium of 6
Organisations (ENEL, ANSALDO, CIRTEN, Empresarios Agrupados, EdF-SEPTEN and PSI) under
the co-ordination of ENEL.

The test programme included separate effect tests and integrated test of the whole system to
better investigate the interactions among different phenomena.

In particular, the experimental test campaign included:

• thermal-hydraulic tests on single finned tubes and on bundle of the internal HX
• thermal-hydraulic tests on the intermediate loop
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• thermal-hydraulic tests on the external HX
• thermal-hydraulic tests on small-scale integral system
• natural circulation test
• corrosion tests
• analytical activity

At the end of this process an innovative containment heat removal system for decay heat
removal from a concrete containment, which is applicable to all the containment types and compatible
with the economical goal, plant layout and operational and maintenance requirements, has been
selected for design development.
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