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ABSTRACT

The papers reports a new approach to the problem of increasing environmemtal protection during severe

accidents at nuclear power plants (NPPs). We suggest a new comprehensive, passive-mode environmental

protection system for decontamination of the air-steam mixture containing volatile fission products, except noble

gases, coming from the containment (an emergency pressure release system) and the intershell area (a system of

decontaminating leakage through non-airtight sectors of the containment).

Like most of the world's decontamination systems, our design has two stages of decontamination: the "wet"

stage (scrubbers, etc.) and the "dry" stage (sorption module). However, unlike the above systems, system under

study has also an ejector which, in a passive mode, is capable of solving the multi-purpose task of

decontamination of the air-steam mixture.
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1. INTRODUCTION

The problem of reliable environmental protection measures in the event of severe nuclear power plant

accidents appears to be an important factor restraining the development of nuclear energy. Some severe

accidents, accompanied by either a partial or complete destruction of the reactor's active zone, bring about the

formation of large quantities of gaseous products, which leads to an abrupt increase in pressure inside the

containment (protective casing). Eventually, there is a risk of destroying the containment as such. Besides, such

accidents may cause contamination of the nuclear power plant closed areas, such as the intercontainment area,

technical and service corridors, reactor area, et cetera, due to leakage through non-airtight sectors of the
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containment. It was established that such a leak of the air-and-steam mix out of the containment can reach a rate

of 0.3 to 1.0 per cent per 24 hours. Today, in order to prevent environmental pollution in the event of severe

accidents, the operational nuclear power plants are equipped with emergency valves that can be activated to

reduce the pressure inside the containment, in which case the air-and-steam flow, carrying radioactive aerosols

and volatile fission products, is forced through special decontamination systems [1-3]. However, one of the

drawbacks of such systems is that they can not be used for a simultaneous decontamination of the air-and-steam

mix being let out of the containment and the air-and-steam mix inside the closed areas adjacent to the

containment. Another disadvantage is that most existing decontamination systems are active systems, i.e. they

need constant energy supply from outside sources during the accident.

The designs now being developed (EPR, AP-600, ABWR, APWR) do not envision any pressure release

systems, with the containment itself supposed to withstand the entire peak load [4]. Calculations indicate that

over a period of 122 hours the pressure inside the containment can reach 0.7 MPa, with the air to steam ratio

being 1:2.7 [5]. Under such conditions, the air-and-steam mix containing volatile radioactive fission products

penetrates into the intercontainment area and out into the environment. For the purpose of preventing radioactive

leakage into the environment, it is planned to use a system for decontaminating the air from the intercontainment

area. To this end, the air, subjected to decontamination, will be pumped through impregnated charcoal. The

device in question is supposed to be active and would require electric energy supply, which is a significant

dismerit of the original design.

Yet another dismerit of the designs being developed (the EPR, for example) is that there is no

environmental protection system to be used when, in the event of an accident, the pipe connecting the steam

generator with the turbines gets destroyed.

If an accident happens, emergency valves would be automatically activated and shut off the steam

generator-to-turbine pipe. At the same time, the bypass valves, normally used for releasing excessive steam

pressure directly into the atmosphere would also be closed. Still there is a danger that the air-and-steam mix,

leaking out of the containment in the course of an accident, may contain large suspended grains which, if entered

the bypass valves, can deny complete pipe shut-off. As a result, the radioactive air-and-steam mix may flow out

into the environment. Unfortunately, we can not predict the size of particles that can enter and disable the valves,

nor the size of the slit that could appear. That is why it is practically impossible to project the amount of the air-

and-steam mix that can penetrate from the containment and out into the environment. Regretfully, the planned

system of decontaminating the air from the intercontainment area does not envision a decontamination of the air-



and-steam mix entering the steam generator's bypass lines. A similar problem is typical for the operational

nuclear power plants as well.

2. RESULTS AND DISCUSSION

Based on fundamental investigations on localizing volatile fission products, carried out at the Institute of

Physical Chemistry of the Russian Academy of Sciences and the All Russia Nuclear Power Engineering Research

and Development Institute, we suggest a brand new approach toward creating a comprehensive, passive-mode

environmental protection system to be used in the event of severe nuclear power plant accidents. The design in

question envisions a simultaneous and joint decontamination of the air-and-steam mix containing volatile fission

products, except noble gases, coming from the containment (an emergency pressure release system), the

intercontainment area (a system of decontaminating leakage through non-airtight sectors of the containment), and

into the bypass lines if the steam generator's pipe system looses its airtightness.

The above objective can be reached because the proposed design contains the following components: the

pre-filter, the ejector, the condensation module with a drop moisture separator, and the sorption module made on

the basis of a modified sorbent "FizKhimln". Like most of the world's decontamination systems, our design has

two stages of decontamination: the "wet" stage (scrubbers, etc.) and the "dry" stage (sorption module). However,

unlike the above systems, our system has also an ejector which, in a passive mode, is capable of solving the

multi-purpose task of decontamination of the air-and-steam mix.

For operational nuclear power plants, where an emergency pressure release system is to be activated in the

event of a sever accident, our system envisions a simultaneous decontamination of the radioactive air-and-steam

mix inside the containment and the closed areas adjacent to the containment including intershell space and the

steam generator's bypass lines (Fig.l).

In the event of an accident at operational nuclear power plants, having emergency pressure release valves,

the air-and-steam mix (temperature: 150° C, humidity: 100%, pressure: 0.5 to 0.7 MPa) inside the containment

would, after preliminary separation by the pre-filter from large grains, go the ejector whose suction nozzle is

connected to the intercontainment area and/or other adjacent closed areas, and also to the steam generator's

bypass lines. Inside the ejector, the gas flows from the containment and areas adjacent to the containment get

mixed, with the temperature and pressure of the air-and-steam mix decreasing upon exiting the ejector (which

results in some drop moisture - up to 15% of the total content of steam in the mix). After the ejector, the air-and-



steam mix goes to the condensation module, where the steam is condensed and drop moisture is separated from

the air-and-steam mix. At this stage, most of the steam gets condensed and also the air-and-steam mix gets

decontaminated from aerosols and inorganic forms of radioactive iodine at a degree of 95 to 97% as they are

captured by the aqueous phase. Then the air-and-steam mix (temperature: 70 to 90°C, humidity: 100%),

containing methyl iodide, residual quantities of aerosols, and inorganic forms of radioactive iodine, go to the

sorption module. The sorbent ensures decontamination of the air-and-steam mix from methyl iodide (with

decontamination factors being 103 to 104) and a final decontamination from radioactive aerosols and inorganic

forms of iodine. As a result, the overall factor of decontaminating the air-and-steam mix from radioactive

aerosols and all forms of radioactive iodine reaches 104 to 105 for the entire facility.

Fig.]. A scheme of comprehensive, passive-mode environmental protection system

for operational nuclear power plants

(1 - containment, 2 - intercontainment area, 3 - regeneration heat exchanger, 4 - ejector, 5 - air heater

exchanger, 6 - condenstion module, 7 -jetpump, 8 - sorption module, 9 - stack,

10 - outlet from the steam generator's bypass lines)



For nuclear power plants at the stage of design, where an emergency pressure release system is not

envisioned, our system includes simultaneous decontamination of the air-and-steam mix coming from the

intrercontainment area and the bypass lines of the steam generator's pipe. Because it seems impossible to predict

in advance the discharge of the air-and-steam mix through bypasses' leaky areas, the design for nuclear power

plants being developed, as in the case of operational ones, is planned with respect to a maximum possible

radioactive discharge.

In this case our design envisions that the ejector is connected to the intercontainment area and the specially

designated silencer connected to the steam generator's bypass lines. Compressed air from the gas holder (also

included in the design), not the compressed air-and-steam mix inside the containment, will play the role of the

driving force. All the remaining design components are the same as described above.

CONCLUSION

Finally, we would like to mention that the proposed comprehensive decontamination system not only makes

it possible to avoid emergency discharge of radioactive air-and-steam mix into the environment under any

accident scenario, but also would substantially contribute to the safety of both operational and planned nuclear

power plants.
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