UNDER PRESSURE

CRACKING IN NUCLEAR POWER PLANTS

In the past year, while attention has focussed on the high risk of a nuclear accident in eastern Europe and the former Soviet Union, almost half of the Western world's nuclear reactors have been placed on the danger list due to an unexpected accident hazard which could cause the next Chernobyl.
The phenomenon—vessel head penetration cracking (VHPC)—is, in plain language, me degradation and cracking of the huge pressurised vessel that holds the burning nuclear core. Under certain circumstances, a major breach of the container can occur without warning, exposing the nuclear fuel and causing a meltdown.

Cracks first appeared in France's nuclear plants a year‑and‑a‑half ago.

The electric utility which owns the plants, Electricite de France (EDF), referred to VHPC as "the most serious problem" it has ever faced in its nuclear programme. Although authorities recognised the clear implication that VHPC could result in a major accident at a French reactor, only ten of the country's fiftythree reactors have been fully examined for VHPC. Of these ten reactors, eight exhibited cracks.

    The cracking may affect numerous nuclear reactors in six western countries spread out across the globe. Despite the recognised potential for a major nuclear disaster, and the fact that no one can yet explain the origin or evolution of the cracking, nuclear authorities outside of France have played down the risks. When EDF reported its initial findings to the nuclear community, "no immediate action outside France was triggered. On the contrary, publication of the EDF results caused consternation among utilities whose plants were named in the EDF report, denying the existence of an immediate safety concern", according to the authors of a recent Greenpeace technical report on the subject.*

    Inspection programmes are haphazard and unsystematic, and in the country with the most to fear—the USA— have not begun at all.

    In France, where inspections are most advanced, only the components which are most accessible have been inspected.

WHAT IS THE PROBLEM?

    The most common design of nuclear reactors worldwide (the pressurized water reactor, or PWR) operates under very high pressure and uses water as a coolant for the hot nuclear fuel. The 'pressure vessel' is a very large domed metal container which has penetrations on top for 'control rods' to pass through and moderate the nuclear chain reaction (See diagram).

    In some of these plants— in France, Belgium, Sweden, and Switzerland—the reactor control mechanisms at the top of the pressure vessel are cracking and could break completely, providing an open Pathway between the intensely radioactive burning nuclear core and the environment. Such a break could lead to the high‑velocity ejection of me reactor's control rods because of the pressure escaping from the reactor vessel. A massive release of radiation on the scale of Chernobyl would be almost assured.

    But even if such a severe accident scenario does not come to pass, a major nuclear accident can happen in other ways. The components that are cracking are tubes that carry the 'control rods' into the heart of the nuclear core. Control rods are the most fundamental safety component of nuclear power plants. Cracks in these tubes can cause deformation, resulting in impairment of control rod functioning, and thus a severe reduction in safety margins.

    As the authors of the recent Greenpeace report "Vessel Head Penetration Cracking in Nuclear Reactors" have stated, "the hazard of the impairment of the reactor control system has been completely neglected, despite its vital importance for the reactor to be controllable".

    In even the simplest scenario, this type of cracking represents a breach of the main containment of the nuclear core; under these circumstances, the emergency core cooling system may be activated and large amounts of cold water would be pumped into me pressure vessel. This creates an unstable mixture of water and steam and can lead to the failure of other parts of the primary boundary between the nuclear core and the environment. In this way, even a small leak can lead to major radioactive releases, although the control rods remain intact.

WHAT IS BEING DONE?

    Nuclear experts do not know why or how the vessel head penetrations become cracked. Authorities in affected countries continue to state mat nuclear risks are 'acceptable' although the cracking of reactors makes these risks incalculable. 

    Interestingly, basic ignorance seems to be no barrier for me nuclear industry: authorities in affected countries continue to state mat nuclear risks are 'acceptable'.

    Although the French authorities have begun a programme of inspection of reactors to discover the extent of the problem, they continue to grant operating licenses to reactors which are cracked.

    In other countries, the problem  is not as well recognised, and thus hundreds of reactors are operating without proper management of accident risk.

    Until all PWRs in the world are examined in detail to discover whether they are suffering from cracking of the vessel head penetrations, the safety of nuclear power is in further doubt. Plants which are already known to be cracked are operating below accepted safety standards and must be shut down immediately. Safety authorities in France have already ordered reactor-builder Framatome to alter its construction techniques in the hope that future plants will not suffer VHPC, if it's not acceptable for the future, why is it acceptable for the present?

   Why don't nuclear operators take vessel head penetration cracking more seriously? For one thing, an admission that almost half of the western world's nuclear plants are dangerously susceptible to meltdown might lead to a massive wave of reactor shutdowns, which would in turn make way for the cheaper alternatives. National governments which repeatedly state that nuclear power is a national priority are not likely to admit such a crushing defeat.

    Secondly, the nuclear industry is not held responsible for the consequences of major accidents. International treaties and national laws ensure that nuclear operators are only held liable for a small fraction of the costs of dealing with the damage resulting from a nuclear accident. These laws were put in place to encourage investment in nuclear power, because it was recognised that the likelihood of major catastrophes would otherwise rule out a major nuclear industry. If liability were absolute and unlimited, as it is in most other A industries, VHPC  certainly  spark some quick action.

Vessel head penetration cracking illustrates number of realities about nuclear Power:

Nuclear power is an  experimental technology: 
The appearance of VHPC was unexpected; no one had predicted its occurrence. A basic feature of our knowledge of nuclear risk is that—obviously— we only know what we know. Nuclear reactors are very complex machines, and they from time to time exhibit phenomena that we did not previously know about. Three Mile Island exhibited 'new' and unexpected phenomena, as did the Chernobyl accident. When nuclear engineers state that 'as far as we know, the risk of nuclear accidents is acceptably low', remember that what we DON'T KNOW can prove disastrous. Nuclear risk is about uncertainty, not certainty, as the problem of vessel head penetration cracking shows.

     Since the French nuclear utility EDF first discovered the cracking problem at the Bugey‑3 reactor, a series of hypotheses have been advanced to explain VHPC but none has proved adequate to explain the problem, Thus' almost two years after the appearance of the first cracks, the problem remains mysterious.

    This also means that it is not possible to state exactly which other reactors in the world are susceptible to this now accident hazard. The Greenpeace map overleaf may be too conservative, leaving out plants which need to be watched closely.

Nuclear safety limits are ignored:

    The first VHP cracks were longitudinal, that is they were orientated along the penetration rather than around it. For more than a year after that first discovery, nuclear safety authorities denied the problem could lead to a major disaster because they worked with the basic assumption that cracks oriented longitudinally will leak before they break. 'Leak‑before‑break' is a fundamental  safety concept in nuclear power plants: if a leak shows up, authorities should have time to react before a break occurs. According to the authors of the Greenpeace report, "in the case of VHPC, nuclear power plant operators assume that there are no circumferential cracks, and that the leak‑before‑break principle is definitely fulfilled".

    However, laboratory testing of affected components in France revealed, in December 1992 that the cracking was in fact becoming circumferential.

    Circumferential cracking cannot be assumed to leak before it breaks, and thus the possibility of a major rupture of a reactor's primary circuit suddenly came into view. So far nuclear authorities have ignored the fact that their assumptions are wrong  , and this has allowed over a dozen‑reactors in western Europe to operate below accepted standards. 

    It is important to realise that the Soviet‑designed VVER reactors in eastern and central Europe have been severely criticised by western safety officials because they are not designed in accord with the 'leak‑before‑break' criteria. This was a major reason why the German government closed the Greifswald reactor in the former East Germany right after unification.

Safety margins can be eliminated instantaneously:

The phenomenon of VHPC is noteworthy precisely because it can render the reactor's most fundamental safety system‑‑‑the control rods—unusable. Because of this, human intervention to try to control the reactor after an accident has begun is not expected to improve the situation.
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