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 Chapter 10                           Nuclear Energy

     
This chapter will not attempt to discuss nuclear energy from the standpoint of an expert or pretend to give exact information. However it will repeat information from various sources and may be of help to the uninformed. Investigating nuclear energy leads to the conclusion that there are many opinions but few established truths. Nuclear energy has the promise of saving the human race from extinction due to vanished energy resources. It also has the threats of nuclear explosions, nuclear proliferation, diverting funds from safer energy schemes, and of condemning future generations to a horrible task of disposing of nuclear waste that they had no benefit from.

      
Fusion, which transforms hydrogen into helium while emitting heat is said to be a limitless source of energy. However it is very difficult to contain the process. So far efforts have been so unsuccessful that it has been called a WPA for physicists. Such a source is so far away that discussion is useless.

   
It may be valuable to give a brief, simple discussion of how nuclear plants work. Nuclear reactors use fission to develop heat that is used to drive a steam or gas turbine that drives an alternator that makes the electricity. The gas cooled units, using gas turbines to drive the alternators can theoretically operate at high temperatures. As it occurs in nature, uranium ore contains two isotopes of Uranium, composed of about 99.3% U238 and .7% U235. Before going into a reactor the fuel is “enriched” by gaseous diffusion or by centrifuges so that the fuel contains about 4% U235 and about 96% U238. U235 is a fissile fuel that emits neutrons that make heat. U238 is a non-fissile fuel but when bombarded by neutrons it becomes partially PU239 (Plutonium) that is fissile and could be used to refuel other reactors. In the Light Water Reactors presently used in the US, water is a moderator that reduces the velocity of the neutrons and reduces breeding output. In fast breeder reactors the neutrons are less moderated, thus producing more plutonium than is used. However in the present low efficiency light water reactors the plutonium in the spent fuel rods is not used and becomes part of the nuclear waste. This means not only that the efficiency in using the fuel is low but also that the waste material is highly radioactive for a long time. The US waste is scheduled to be stored in Yucca Mountain in Utah, but there is a great deal of resistance to that

      Spent fuel rods can be recycled in a fuel recycling plant thus making the plutonium bred from reactors into new fuel and reducing the radioactivity of wastes. Unless each reactor has its own processing facility a safety hazard is created because the highly poisonous Plutonium is moved around. Such reactors greatly increase fuel life but may not be able to burn up highly radioactive isotopes that make waste so dangerous. In contrast to breeder reactors, such reprocessing is now common in Europe 

     The Integrated Fast Breeder Reactor breeds and recycles fuel in the same facility that power is made. This eliminates fuel transportation hazards and extends fuel life from perhaps 40 years for high quality ore used in light water reactors, to centuries. It also burns up and makes power from isotopes that are dangerous in nuclear waste. If we want to make energy for a very long period then we must develop breeder reactors.

     One important reactor variant is the Canadian “Candu reactor that uses heavy water as a moderator rather than ordinary water. This reactor is supposed to be safe and uses far less fuel than the conventional light reactor. It has partial breeding capabilities but may not use fuel as efficiently or burn up wastes as the true breeder reactor.  

     There are two types of efficiency to be considered in reactors. One is their efficiency in using fuel; the other is the thermal efficiency of conversion of heat to electricity. All of these proposed reactors use nuclear heat to generate electrical power or hydrogen. The Light Water Reactor presently used in the US has a low efficiency in using fuel (about 3%) and operates at the lowest temperature and consequently has the low thermal efficiency of about 30%. The high temperature of breeder reactors may enable as much as 60% efficiency in the conversion of heat to electricity. However, higher temperatures cause more risks.         

      Various types of breeder reactors have been proposed with the differences mostly in the way they are cooled. There are descriptions of Molten Salt Reactors, Sodium Cooled Reactors, Lead Cooled Reactors, Very High Temperature reactors, Supercritical Water Cooled reactors, Boiling Water Reactors, and Integrated Fast Reactors. A “Pebble Bed” reactor has been mentioned as a safer design for conventional reactors. There is also a possibility of using Thorium as the material to make new fuel from instead of U238. In this system the Thorium is blanketed around the neutron emitter. When radiated by U235, U233, or Pu235, Thorium 232 makes U233. The U233, which is fissile, has the possibility of operating at a lower Neutron velocity and temperature than U235. The efficiency is lowered but the lower temperature makes for a safer breeder reactor. Other advantages of the Thorium cycle are that more Thorium may be available than Uranium, that conventional light water reactors can be converted to breeders, and it is more difficult to make bombs from the waste. Bomb grade material has to be highly concentrated to about 93% (Pu239) fissionable material. Breeder reactors have been long considered (never used) to be sources of Plutonium for military weapons but the truth is that concentrating Plutonium and U223 from their wastes may be as difficult as making Plutonium from the mined ore. In particular, other isotopes of Plutonium that make bomb making difficult are produced in the fast reactors.

       It has been said that present supplies of cheap Uranium ore will only last from 20 to 40 years at present consumption. Without breeder and fuel recycling facilities, nuclear energy could only be considered to be a temporary measure designed to help us to build the machines and buildings that will produce and conserve energy for a lasting culture. Successful breeder reactors, Integrated Fast Reactors, and reactors using Thorium could prolong the availability of nuclear fuel. The ratio of duration of Light Water reactors to breeders can be computed from the fact that ore contains 99.3% U238 to .7% U235. Since the breeder is capable of using all of the U238 as fuel, the theoretical ratio between breeders and light water would be 99.3/.7=140 times as long for breeders. If we assume losses we can round off this to 100. If we assume that there is as much Thorium as U238 the ratio becomes 200/1. Thus if we have ore for 40 years at present consumption, breeders and fuel reprocessing could give us as much as 8000 years of operation. If we assume that Thorium is much more abundant than U235 and that we can retrieve  low grade sources, then the life of Nuclear could be many thousands of years.

      Note that in order to go from btus to kwhrs there must be a conversion factor. The exact conversion factor in electrical resistance heating is 3412 btus=1 kilowatt hr. However electricity is worth more than that because a coal power plant requires close to 10,000 btus to produce 1 kwhr of electricity. Furthermore in a heat pump 1 kwhr can produce 10,000 btus of heat. We can compute the conversion factor the almanac is using by 8.15^15/780.06*10^9=10448 btus. For most of my calculations I prefer to use 1kwhr=10,000 btus.

    According to the World almanac nuclear energy is presently generating 8.15 quads of total energy. Also according to the Almanac, 104 power plants are in operation, nuclear accounts for 20.3% of domestic electricity production, and nuclear produces 780.06 terawatt hrs (780.06 million megawatt hrs) of electricity. Since in 2002 total US energy consumption was 97.36 quads, we can immediately compute that nuclear produces 8.15/97.36 or 8.4% of total US energy. In order to produce our total energy from nuclear we would need 104*97.36/8.15=1242 new power plants. Since most of our present nuclear plants are aging it makes sense to compute on the basis of new plants. Therefore to produce 10% of our energy production from nuclear it would take 124 new plants. If we make a guess that the cost of these plants is $3000/kw peak and that each plant is 1000 megawatts, then the cost of plants needed to produce 10% of our consumption plants would be 3000*10^6*124=$372 billion. Of course this calculation is questionable because the exact cost of a new plant is unknown and because the expenses of maintenance, spent fuel disposal, costs in retrieving the ore as supplies dwindle, and accidents are unknown. It also assumes a 100% duty cycle. This duty cycle would probably be nearer to 80% and would be even less if plants were intentionally pulled off line in summer to save fuel. Therefore more plants would be required.   

      Breeder reactors have been tried by several countries but have been dropped due to cost, safety, and control issues. Presently the disposal of nuclear waste is a problem that has endless controversies and problems. Another uncertainty about nuclear is the vast amount of fossil fuel energy needed for building the plant. Is nuclear really energy effective? If the ratio energy out/energy in is less than one then there is no point in retrieving the energy resource. The making of alcohol from grain for example has been criticized as an energy sink because some people compute the Eout/Ein ratio as being less than one. Retrieval of nuclear energy from low grade sources, and carbon from shale will be subject to the same doubts. 

     There are at least 2 sources of Uranium that might possibly last for many centuries. One of these is seawater and another is Tennessee shale. Although seawater has all of the Uranium we need, the energy density there is very low so that many tons of water are needed to produce one ton of uranium. The Energy cost of such an operation would be very high. A plan to get Uranium from this source would probably include the making of fresh water and magnesium. The biggest bonanza from seawater would be the extraction of fertilizer elements. Although separating fertilizer compounds from salt would be very difficult it is a process that humans must work on if they are to survive for thousands of years. Salt water resistant plants might be a way of doing this. Another possibility would be to make hydrogen and oxygen as by products. The extraction of several things as related processes would lower the cost of processing seawater. There are abundant resources of solar and wind energy on sea coasts that could be used in conjunction with a nuclear power plant to process seawater. One thing to remember is that the conversion of stationary sources like nuclear into liquid fuels even at a considerable loss, may be justified because of the extreme need to power tractors, trucks, and buses. It is predicted that after all the propaganda is gone, hydrogen will not replace liquid fuels.

      Tennessee shale has a low enough energy density that it would also take a lot of energy to separate the Uranium out. However there is additional energy in the shale in the form of Kerogen that contains carbon. A system that combines the extraction process for each of these energy sources should be studied and prototyped. 

     Since Nuclear reactors put out waste heat from their condensers there is a possibility of using them for space heating.. One idea would be to run the reactors only in winter while relying on solar energy for the summer. This would save nuclear fuel while giving adequate time for reactor repairs and inspections. We may have to locate plants in the middle of cities composed of apartment buildings in order to use this waste heat for winter space heating. It may be desirable to build smaller plants in quantity in order to make this feasible. Waste heat can also be used the year around for distilling and purifying water. There is also a possibility of using nuclear heat to make liquid fuels by pyrolizing biomass. One dumb idea of my own is a method of using nuclear waste. I don’t know how much heat such waste puts out or for how long, but it could possibly be put into wells and heat extracted from it to heat buildings. This would disperse the waste so that some danger would be present at many locations. However the possibility of a great catastrophe would be low. The total heat out, and ground water contamination would have to be studied before doing this.

     As with wind, solar, and other energy producers, nuclear plants should be placed close to a location where a lot of manufacturing of essential products is done. For example locating a plant close to shale that might need a lot of energy to retrieve energy would be a good idea. The manufacture of nitrogen fertilizer, magnesium, and tractor fuel is more important than incandescent lighting or furnaces that require electricity for fans.

     In order to avoid the ultimate catastrophe of many lemon nuclear plants, new plants must be developed slowly so that problems can be located and fixed. Also there must be a strong effort to improve designs and locate new sources of fuel. We need to slowly move forward on nuclear. Any great increase in number of plants must be preceded by experience in several prototype plants and studies of all the various problems including fuel supply, optimum reactor design, waste disposal, and consideration of the fact that for the present at least, wind, solar, and biomass are better places to spend our money than nuclear. With the deterioration of old plants, just staying even on nuclear will be a problem.

      There have been serious accidents at several power plants. The Chernobyl power plant in Russia was perhaps the worst. It killed about 30 people almost immediately and spread radiation over a wide area with an uncertain number of deaths due to cancer. However the worst results of this accident appear to be due to an extremely bad design.---There was an explosion at the Fermi breeder reactor near Detroit in 1966. This accident probably was partially due to the fact that this was an old breeder and consequently had more control and temperature problems.---In 1961 the Sl1 reactor in Idaho Falls lost control due possibly to sticking control rods. Three people were killed and some radiation was released.---In 1952 the reactor at Chalk River, Canada experienced a violent buildup of reaction. Then a comedy of errors ensued in trying to slow the reactor down.---The Windscale reactor in England went out of control in 1957. High temperatures were reached and fuel rods were cherry red. In order to cool the reactor it was watered down. Some radiation was released and as a result a lot of milk was destroyed.

      In evaluating these accidents it should be noted that many of them transpired several years ago. Since then design improvements have made reactors safer. Better control systems, passive shutdown features, and better quality control should greatly improve the safety problems. It has been pointed out that you can fall off a windmill, a roof, or die in a coal mine.      

     There are very passionate proponents of nuclear energy and some who regard it as a means of poisoning the Earth. If we scatter nuclear power plants throughout the world to counter the energy shortage then we have worldwide bomb making capability, worldwide disposal problems, and worldwide raw materials problems. One of the reasons for being suspicious is that most of the experimental and advanced reactors have been operated only for a short time and then decommissioned. The French Superphenix, the largest and most successful of the breeder reactors has been operated for about 20 years but is now being decommissioned. Obviously long life is essential for reactors. Only the Russians, Koreans, and Indians are forging ahead with new breeder designs. This is partly economics because nuclear fuel is too cheap now to warrant the extra cost of breeders. However the cost of getting rid of the waste weighs heavily on the side of breeders.      

     
 So the question of how much money we should spend on nuclear remains open. As time goes by we will have less and less energy so nuclear energy may be the only way to save the human race.  The people who are totally against nuclear have no idea how bad it will be without fossil fuels.  My opinion is that we should build working units of both fuel reprocessing plants, light water breeder reactors, and integrated fast breeder reactors. This would be our gift to future generations. However, any moral society would save nuclear fuel for the ultimate threat to human survival rather than wasting it on a profligate society. Fuel recycling eliminates most of the question as to where to store our nuclear wastes. If we start now this will enable us to move slower and take more safety measures. Any viewpoint that nuclear energy alone can provide enough output to maintain our present squandering of energy is completely false. Nuclear must be viewed as a mere means of supplementing conservation, wind, solar, and biomass energy if humans are to survive. Conservation, and diversity in energy generation are our best choices.  

