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Nuclear waste : chasing myths  

The following lines deal with the question of nuclear waste which so often are put forward as an argument against nuclear energy.  You will hopefully excuse some rather strong statements, but we feel that it is necessary to make things clear in that field.

We shall review here in a synthetic manner the questions raised by the problem of nuclear waste. 

We shall deal with the following :

· the waste categories, origin and potential hazard,

· their amounts and their treatment,

· their disposal,

· safety considerations and conclusions.

For details and justifications, ample documentation exists and can be consulted, especially at IAEA, OECD-NEA, EEC sites.
1. Nuclear waste categories, origin and potential hazard.
Nuclear waste is created above all by the fission of heavy nuclei, thus generating the “fission products”, some of them being gaseous.

Plutonium and “minor actinides” (neptunium, americium, curium….) are also produced in the process by neutron absorption in the uranium nuclei.

Some per cents of the total radioactivity is left in the equipment by contact (“contamination”) and by transmutation due to lost neutrons in some surrounding equipment (“activation”).

Radioactive waste can be harmful by contact because of penetrating gamma and beta radiation (irradiation), and by absorption of radioactive material, including especially that emitting alpha radiation; This is called contamination. Alpha rays are stopped by the skin, but if they reach sensitive organs, like bone marrow, they can be harmful. In no case the nuclear waste will induce radioactivity in surrounding objects, be it by irradiation or by contamination.

The classification of waste follows two criteria : the duration of the radioactivity and the intensity of this radioactivity.

Duration is linked with the time necessary for the radioactivity of a radioelement to be cut in half, called the half-life. After 10 half-lives, the radioactivity has decreased by a factor one-thousand and tends towards zero.

For example, tritium (half-life 5 years) will almost disappear in about 50 years; for Cesium-137 and Strontium-90 (half-lives of about 30 years) we shall need 300 years, whereas a stable poison like mercury or other heavy metals will remain dangerous indefinitely. Some of the actinides like plutonium have a very long half-life (Plutonium-239 : 24 000 years). Hence the questions raised about nuclear waste.

The other parameter is the intrinsic activity : we shall have “high-level, medium-level, low-level” waste.  Please note that due to radioactive decay, an initially high-level waste will lose activity after a more or less long time.

a) The initial high level, long-lived waste

This is the one which causes concern.  It is contained in the spent fuel after reactor discharge.  For policy considerations, the reactor fuel cycle may be “once through” and the spent fuel is then considered as a waste to be disposed of.  Otherwise, the spent fuel will be reprocessed for recycling of its useful components, uranium and plutonium, separating the “waste” composed today of the  fission products and the minor  actinides with a little plutonium left.  This waste is separated, concentrated, immobilized as an inalterable glass poured in welded stainless-steel canisters.

In both cases, the initial radioactivity is huge, but it decreases very rapidly due mainly to the decay of the beta- and gamma-emitting fission products (FPs).  Their radioactivity almost disappears within 300 years, leaving mainly the long-lived minor actinides and about 10 long-lived fission products (for example technecium-99, iodine-129 …).  The “penetrating” radioactivity (i.e. beta and gamma) after 300 years has decreased by a factor of about one-hundred thousands.  This fact is all-important and is usually not mentioned when speaking about nuclear waste.

Moreover, three factors come into play in a positive way :


- The longer the “life” of a radioactive nucleus, the less radioactive it is.  For example, iodine-129 of half-life 17 million years is about eight hundred million times less radioactive than iodine-131 of half-life 8 days (the one which was responsible for thyroïd cancers around Chernobyl).  Our body is slightly radioactive due to the presence of some thousands becquerels of potassium-40, a natural radioactive isotope of the potassium, of 1.3 billion years half-life.

- The 10-odd “long-lived fission products” are soft beta-emitters mainly, which means that their radiation is not penetrant, and their health hazard is way below that of the original mixture of FPs.

- The remaining hazard lies with the “long-lived minor actinides” and plutonium (all of the Pu in used fuel elements, only minute amounts in reprocessed waste).  But the long-lived actinides are alpha-emitters and, as we have seen, alpha radiation is stopped by the skin or by a sheet of paper.  Thus, the waste will be mainly dangerous by ingestion, as with any toxic chemical.  But the solid fuel elements or the vitrified waste blocks make this possibility very remote.

Then 
why should we be concerned with the long-lived waste if the beta-gamma emitters and alpha emitters do not create a serious problem any more ?  

Indeed, after about 4000 years (or the age of the Pyramids) when gamma-ray emitting americium-241 has disappeared, the remaining irradiation hazard comes from spontaneous fission neutrons emitted by isotopes Pu-240 and Pu-242.  Modern high burn-up fuel contains about 0.25 % Pu-240 (half-life 6500 years), and about 0.07 % Pu-242 (half-life 380 000 years).  This would give about 1 to 10 Sv/hr at contact of a spent fuel without protection, or about 0.1 Sv/hr at contact of vitrified waste glass blocks from high burn-up reprocessed fuel, most of the Pu being removed by the reprocessing step.

These figures are not negligible of course but in view of the small relative volume of these so-called high-level, long-lived waste, it is easy to isolate them, shield them and store them in a way that their harmlessness to man and the environment can be guaranteed (see further).

Figure :

High-level waste decay modes

(Ref. IAEA, 1995)
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Above: The radioactivity of high-level waste declines
steadily over time, most dramatically over the first
hundreds of years. Eventually the radioactivity level will
be lower than that of the natural uranium ore from which
the spent fuel originally came. The graph shows the levels
of radioactivity in waste products for one tonne of fuel
and its originating ore bod.




The other types of nuclear waste are much less radioactive by many factors of magnitude :

a) The medium and low-level waste, short lived, coming from reactor      operation.  Their volume has been strongly reduced (by a factor of 3) in the last years due to improvement of operation.  They are usually incorporated in cement blocks to be stored in above-ground repositories.

c) The long-lived waste of medium and low activity as by-product of reprocessing.  These will be normally put in underground repositories as they contain minute amounts of long-lived isotopes, mainly plutonium.

d) The activated or contaminated structural elements from dismantled pieces of reactor primary components.  These will also be stored under shielding (concrete if necessary) in above-ground repositories.

e) The by-products of uranium mining which will stay near the mines where they belong.  Adequate protection with clay barriers from lixiviation and radon emission will be provided, before landscaping.

f) Only extremely low activity effluents, sometimes containing non toxic tritium, will be released to the environment (sea, rivers, atmosphere).  Their activity approaches that of natural background.

2. Volumes in question
It is important to realize that the amounts of active nuclear waste are very small, well managed and well followed-up due to this small volume which can allow for a costly handling with the most modern technologies applied and ease of detection by sensitive counting equipment.  This is not always the case for other toxic industrial waste, the amounts of which, in an industrialized country like France, are about 100 times those of the nuclear waste produced annually by 58 large nuclear power units, reprocessing, dismantling and embedment in glass or concrete included.  

(See following Tables for Europe and France.  The French case is interesting due to the spent fuel reprocessing option).

Table 1.

Waste volumes, Europe
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TABLE 2 .

Waste volumes, France.
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- It is also important to know that due to the progress made in the thermodynamic efficiency and use of the uranium, and also in the new reactor types, especially those of the “dry” types which will use helium gas as a coolant, the volumes of low and medium-level waste produced will decrease again drastically if referred to the unit of power delivered, compared to the already low figures of today.

- Finally the long-lived waste mainly due to the minor actinides can be “burnt” for a good part in the fast neutron flux of future fast reactors, so that the toxicity of the long-lived repositories will be strongly diminished, thus further reducing a hazard which is already negligible if the usual precautions are taken.

What are these precautions for disposal of the long-lived waste ?

3. Disposal of the nuclear waste

There are two cases to be considered :

a) The spent fuel is used “once-through” and stored without recycling.  In this case less than 1 % has been used.  This spent fuel is in itself a “uranium mine” containing useful plutonium, some minor actinides and the fission products.  If this fuel is to be disposed of, it will be well protected in copper sheaths and iron containers and disposed of after heat decay at the reactor site (about 50 years) in deep underground deposits (400-800 m) within a surrounding bed of clay absorbent and protection against water seepage.

b) The spent fuel has been reprocessed for recycling of uranium and plutonium and the initial high-level long-lived waste has been vitrified and sealed in stainless-steel canisters, which will normally be disposed of in deep underground deposits with the same surrounding clay bed.

In both cases a) or b), international safety simulation programs PAGIS and EVEREST led by the European Commission show that in no case, even accidental water seepage or other like glaciations, seismic tremors, the health of people living above will be affected at any time by this underground deposit.

These calculations are confirmed by numerous observations made in nature (“natural analogues”) of ancient forests preserved in clay, of high grade uranium mines also confined underground within clay barriers, of ancient natural reactors found at Oklo, Gabon, which naturally have operated time and out 2 billion years ago for hundreds of thousands of years, whose resulting fission products remained nearby in the clay without migration.

The amount of data on the subject is huge.  They all converge to the fact that a well-engineered underground depository for the small volume of long-lived nuclear waste is adequate, as has been decided to be used in the USA and Finland, and as is recommended by the European Commission (2001).

4.  Remarks

- Many people improperly call the spent fuel or other nuclear materials “waste”.  Reprocessing today permits to decrease the volume of the high-level long-lived waste and recycle now or later useful uranium and plutonium.  This of course in a view towards sustainable development and sparing the raw material for our successors.

But in the decades to come, new reactors, especially those operating with fast neutrons, will be able to “burn” all sorts of fuels, natural or depleted or reprocessed uranium, plutonium from civilian reactors or military plutonium, minor actinides which are today considered as waste.  Not only the material balance of natural uranium use will be highly upgraded (theoretically by a 100-fold factor), but some long-lived waste will be transformed into energy, thus reducing in an important way the long-term toxicity of the waste.  Optimistically, one could achieve an overall toxicity comparable to that of the original ore from which the uranium fuel was prepared, in about 1000 years, instead of to day’s  odd 50 000 years.

- For that reason, in our view,  it is not necessary to have recourse to specialized transmutation in accelerators after isolation of these long-lived isotopes as sometimes proposed, the cost and the hazards incurred in these tedious operations being incompatible with industrial handling.

5. Conclusion

We apologize for having entered into somewhat technical details in order to approach the matter of the long-lived nuclear waste and try to show that finally  the problems of nuclear waste are not as terrible as told by the media, are well-mastered and in adequate safety.

It is highly desirable that all this would be made clear to the media and the public, in order to dispel their apprehension which is unfounded.  We do wish to confirm that lengthy studies on this problem in many countries have confirmed this conclusion and that nowadays the money spent for these investigations could be better spent on other subjects of interest for mankind survival in a sustainable environment.

N.B.  I will gladly accept remarks or possible corrections on this important subject.  The aim of such discussion is to make as clear as possible information which are rather simple but not always readily available in a compact form, in order to get an objective view of a very controversial subject.
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<mlung@club-internet.fr>

References

· “Plutonium fuel : an assessment”, OECD-NEA, 1989

· IAEA, documents about waste management, 1995.

· EEC, COM 799, 1988, and Mrs de Palacio’s recommendations about waste disposal, 2001.

_____________

_1112730541.ppt


Toxic Waste Europe (15)

 cumulated 1995-2020



NUCLEAR     (ref. EEC, COM. 1988, 799) 

Medium activity, short-lived		~530 000 m³

Medium activity, long-lived		~230 000 m³

High activity, long-lived		~14 000 m³                     



TOTAL NUCLEAR           		~774 000 m³/25 years

 

OTHER Industrial toxic waste :

					~100 000 000 m3/25 years
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WASTE  in  FRANCE

		TOXIC CHEMICALWASTE (Class 1)             ~1 000 000 m3/yr 





		NUCLEAR WASTE	(58 Units )                           ~ 35 000m3/yr   

		Of which: Short-lived waste		      ~30 000m3/yr (Surface Storage) 

		Of which: Long-lived waste                        ~ 4 500 m3/yr  (Deep storage)

		Of which : Long-lived, highly active initially  *  ~150  m3/yr 		



		* Law 30/XII/91 : To decide options in 2006 : Underground storage, or subsurface , or separation & transmutation.
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