
 Genesis: the Chicago Pile  

 

 

Early reactor history was closely linked to the history of weapons technology. Unfortunately 

we must say that that there is nothing strange about this fact. Remember that the first reactor 

in the world was developed for the production of the first nuclear bomb, and the first serious 

problem solved on the first electronic computer of the world was the calculation of the very 

same bomb. Missile technology, which had evolved by leaps and bounds in the nazi Germany, 

was developed at an even quicker pace in order that nuclear loads could be targeted. However, 

the role of both computer and rocket technology is obviously positive today in peaceful and 

civilized societies.  

 

As soon as it was shown in 1939 that in the fission of uranium-235 two or three neutrons are 

born, the leading scientists of the world immediately realized the military significance of the 

phenomenon. Thomson informed the British government, Joos the Germans, Flerov Stalin 

and Nishina informed the Japanese admiralty. In the United States Leo Szilárd convinced 

Einstein to send a letter - composed by Szilárd - to president Roosevelt. The letter drew the 

president's attention to the possibility of making a nuclear bomb and the fact that the Germans 

had probably started their own atomic bomb project. Prompted by the letter Roosevelt set up 

the Uranium Committee at the end of 1939. The committee voted 6000 dollars to launch the 

nuclear energy project. Then, they hardly did anything for about two years, except that the 

"untrustworthy" Italian and Hungarian committee members - Fermi, Wigner, Teller and 

Szilárd - were exchanged for American-born members.  

 

The real imputes for the work of the Uranium Committee was a tragedy: on 6 December 

1941 the Japanese air force attacked Pearl Harbor by surprise and destroyed the majority of 

the Pacific Fleet. The United States entered the war. Nevertheless, the number one enemy for 

the US was still the German empire, as was declared by Roosevelt in Yalta in 1943. 

Accordingly, the "maximum efforts towards the development of an atomic bomb" were 

launched. The code name was Manhattan Project. Its scientific leader was Compton, while the 

military leader was the legendary general Groves. The investigations started at the beginning 

of 1942 in an institute named Metallurgic Laboratory. The research was diverse. The reason 

for building the first reactor was the development of a plutonium production plant.  

 



When uranium nuclei (both with mass numbers 235 and 238) undergo fission, high energy 

neutrons are emitted. However, fission occurs at a high probability upon collision with slow 

neutrons and therefore it is advisable to slow the neutrons down. In order to do so, some 

material that consists of light nuclei should be mixed with uranium. Concerning slowing 

down ability, hydrogen has the best properties: on average 13 collisions are necessary for a 

neutron to reduce its energy to one millionth of the original value. The trouble with hydrogen 

is that it likes to "eat" (i.e. capture) neutrons. Elements that are much better in terms of 

neutron capturing ability are helium and oxygen, but these are gases and the needed nucleus 

density cannot be achieved. As a compromise, Fermi suggested the use of carbon. Therefore, 

the plan of the first nuclear pile was very simple: a mixture of uranium and carbon powder. 

Leo Szilárd pointed out another problem: at intermediate energies uranium nuclei have so 

called resonances. At these energies the neutron absorption cross section becomes very high, 

i.e. it is very likely that a neutron of such energy will be absorbed. Consequently, the majority 

of the neutrons slowed down to intermediate energies will be lost (for the chain reaction) in a 

homogeneous medium. Some later calculations prove this assumption: a homogeneous 

mixture of carbon and natural uranium cannot be made critical. Szilárd suggested that thin 

rods should be made of uranium and these be placed in the moderator. Fast neutrons born in 

fission reactions can, with a good chance, get out of the uranium rod to the moderator without 

collisions. There they can slow down and returning to the uranium rod they will be very likely 

to induce fission.  

 

Based on Szilárd's idea and lead by Fermi, Zinn completed the "nuclear pile" by 2 December 

1942. The location was a room under the stands of the University of Chicago's sport stadium. 

First, a small neutron source was placed on the floor. Then more and more graphite pieces 

were put on it, all of which contained a little uranium ball. (In 1942, they obtained the 6000 

dollars that the Uranium Committee granted in 1939 and they bought graphite from the 

money.) Altogether six tons of graphite was piled up in 315 tons of graphite. The control of 

the pile was ensured by rods that could be automatically inserted into the reactor and pulled 

out, which were made of cadmium, a good neutron absorber. In case of emergency two 

systems were responsible for stopping the chain reaction. The first "system" was actually a 

man, who was standing on top of the reactor with an axe in his hand. In case the neutrons had 

been multiplied too quickly, he would have had to cut the holding rope of the reserve 

cadmium rods, which, by falling into the reactor, would have stopped the reaction 

immediately. In honour of this man the emergency shut down systems of the reactors are still 

today called SCRAM, which stands for "Safety Control Reserve Axed Man".  

 

The other "system" was a group of men, as Wigner called them a "suicide squad", standing 

also on top of the pile with pails filled with borated water. They would have poured the 

borated water onto the pile. At 9.45 on 2 December 1942 the experiment eventually started. 

Fermi ordered that the cadmium rods be pulled out gradually. It is a historical fact that they 

would have reached criticality by half past eleven, however Fermi said "Let's have lunch" a 

few minutes before the reactor could go critical. Finally, at 3.30 they achieved the self-

sustaining chain reaction. This was the start of the atomic era! The reactor was operating at a 

power of about 200 W and then Fermi commanded the personnel to shut down the reactor. 

Compton informed the government with the following words: "The Italian steersman just 

moored in the New World. The natives gave him a hearty welcome."   

  



 

 First Hanford reactors; Teller, the "reactor opposer"  
 

The first Hanford reactors: graphite moderator, water coolant  
 

 

 

The first reactor with higher power was the "Pile B" in Hanford, WA. It started operation on 

26 September 1944 and was capable of producing plutonium. The structure of Pile B was 

somewhat similar to that of the Chicago Pile 1 (Fermi's reactor) but in this case the system 

had to be cooled. The reactor was cooled by water flowing through the core at a flow rate of 5 

m3/s. The moderator - the material that slows neutrons down - was graphite. The mass of the 

graphite was 1200 tons, while the fuel was 200 tons of metal uranium. The power of Pile B 

was about 250 MW and it produced 6 kg of plutonium in a month.  

 

The researchers came across the phenomenon called xenon poisoning when they started the 

first Hanford reactor. A few hours after the first start-up - the reactor was operating at 100 

MW only - the reactor stopped unexpectedly. The next day it started without any external 

intervention and after a few hours it stopped again. This unexpected behaviour puzzled the 

scientists but it did not take long for them to find the solution. During fission 135I originates 

as a direct fission product at a relatively high yield. This transforms into the isotope 135Xe 

via beta decay with a half-life of 6.7 hours. 135Xe has the highest neutron absorbing ability of 

all the known materials. For thermal neutrons its absorption cross section is approximately 2 

million times larger than the size of the nucleus. In other words, slow neutrons "see" the 

nucleus as if it was 2 million times larger than its real size. 135Xe is a 150 times better 

neutron absorber than cadmium, which was known as a very good neutron absorber. When a 

reactor is started, 135I nuclei are produced and these decay into 135Xe with a half-life of 

several hours. Therefore, in the first few hours the amount of 135I is increasing. Of course, 

the rate of xenon production is increasing as well. Two cases are possible:  

 

We do not intervene. In this case, the 135Xe nuclei will eat a part of the neutrons and 

consequently the chain reaction will stop. However, after a few hours a significant part of the 

xenon nuclei will disappear via beta decay and the reactor will start again.  

Some external intervention is used to prevent the reactor from stopping. In this case, we have 

to pull out the control rods in order that the reactor remain critical with the accumulated 

135Xe nuclei. The xenon nuclei terminate to be neutron absorbers – so-called reactor poison - 

upon capturing a neutron and after a while an equilibrium state is reached: the rate of xenon 

production will be the same as the rate of its "disappearance" via neutron capture and decay.  

Similar phenomena may occur when a reactor is shut down. This fact has important safety 

consequences.  

 

 

 

 

 

 



 

Teller, the "reactor opposer" 

 
At the end of the forties the Reactor Safety Council was founded, it was chaired by Teller. 

He applied the following safety philosophy: in non-nuclear industry it is an accepted practice 

that new technologies are introduced very quickly. The problems that arise during operation 

are examined and remedied in the course of progress. According to Teller this practice cannot 

be followed in nuclear industry since an accident with significant release of radioactivity 

would present too high a risk. Moreover, it would frighten the public and the decision-makers 

off the peaceful use of nuclear technologies.  

 

Accordingly, the Reactor Safety Council examined the possible consequences of the most 

serious accident when a reactor design was submitted for licensing and several constructions 

were rejected before they were built. (Among the professionals Teller was nicknamed the 

"reactor opposer".) They went even further. They examined the already operating Hanford 

plutonium production plants and discovered serious safety problems. The void coefficient of 

the graphite moderated and water cooled reactors is positive, pointed out Teller and his 

colleagues.  

 

This means that when some part of the coolant disappears, e.g. if it boils away, the reactivity 

of the system will increase. This is equivalent to removal of some control rods. Thus, in the 

case of accidental overheating of a part of the reactor and water boils away, reactivity will 

increase and this causes further heating up of the reactor. The two processes enforce one 

another and could well result in an explosion. After very hard work, referring to the above 

outlined results Teller and his co-workers achieved that at the beginning of the 1950s the USA 

shut down the Hanford plants and no graphite moderated and water cooled reactor has been 

given a licence since then. From all of the above, it is obvious that Teller deserves to be 

considered as the father of reactor safety. Unfortunately, the calculations performed by 

Teller's group were handled as secret and the Soviets started the development of high power 

reactors with graphite moderator and water coolant. This will be discussed later in the section 

about the Chernobil accident. 

 

 

  



 Separation of the inseparable!  
 

Or: the alchemists' dream comes true  
 

 

As we described in the previous chapter, the scientists at the turn of the century did not even 

think that radioactivity can be related to the transformation of elements. This was due to two 

main reasons:  

 

 Most of the research was done by chemists at the time, in whom the principle of the 

unchangeability of elements lived as a dogma. The historic failure of alchemists was 

a fresh memory. It was probably not accidental that element transfer which 

accompanies radioactivity, would be discovered by a physicist -in spite of the fact 

that the isolation and detection of the element that is produced would be a chemist's 

job. It is interesting to note that almost 30 years later the discovery of fission is 

linked with the name of chemists, since the physicists could not imagine that 

anything larger than an alpha particle could leave the nucleus.  

 

 In the years around 1900, only natural radioactive isotopes were used for 

experiments. Since the half-life of natural radioactive isotopes is very long (in the 

case of U238 this value is 4.5 billion a years), decrease in the quantity of the isotope 

could not be observed.  

 

Rutherford and Owen, when experimenting with thorium, observed that the intensity of the 

emitted radiation significantly changed if they opened the door of the laboratory. It was not 

very difficult to find out that the phenomenon had to do with the flow of air. Rutherford 

looked into the intensity of the air flowing over the preparatum and found that its radioactivity 

disappears very quickly. We know today that the so-called daughter nucleus, which is 

produced in radioactive decay, is also radioactive. And the half-life of the daughter nucleus 

can be very small. In 1903 Rutherford found that the time behaviour of the activity of the 

daughter nucleus of thorium is exponential and therefore the element transforms during the 

decay. The alchemists' dream can come true! What's more, the elements that can be created in 

this way are even more expensive than gold: these elements or isotopes do not exist in nature.  

 

Rutherford continued his research in the next decades. In 1919 he performed the first 

artificial element transformation. He used natural alpha-radiation as bombarding shots. He 

observed that the helium nuclei (i.e. the alpha-particles) occasionally knock a hydrogen 

nucleus out of a nitrogen atom. In 1923 Blacket observed this phenomenon in cloud chamber 

and concluded that the helium nucleus incorporates in the nitrogen nucleus, while a proton is 

knocked out. So Rutherford made the following transformation of nuclei:  

 
 

2
He4 + 

7
N14 = 

8
O17 + 

1
H1.  

 

Rutherford also pointed out that the energy released in this reaction is much higher than that 

released in chemical reactions. 

 



 Something unbelievable: nuclear fission  
 

 

After the discovery of neutrons a great many researchers started to look into the nuclear 

transformations that can be induced by neutrons. Uranium is the element in nature that has the 

highest atomic number. According to Fermi's expectations, if a neutron is shot into the 

nucleus, it will have an excess of neutrons. The nucleus will probably get rid of this excess 

through -decay. The product of a beta decay is an element with one higher atomic number. A 

transuranic isotope was first produced by Fermi in 1934. Noddack attacked Fermi in an article 

because he thought Fermi was not careful enough in investigating the reason for radioactivity. 

"It might as well be assumed that, if neutrons are used to induce nuclear transformations, 

some brand new type of nuclear reaction occurs (...) it is imaginable that the nucleus splits up 

into several large fragments, which of course would be isotopes of known elements that are 

not in the vicinity of the irradiated element." This was the first time the idea of nuclear fission 

rose. Probably it is not accidental that a chemist and not a physicist thought of it. The 

physicists could not imagine that anything larger than an alpha particle might leave the 

nucleus.  

 

In a similar fashion to Fermi, Joliot-Curie and Savic' produced artificial nuclear fission but 

they gave a totally different explanation to the phenomenon. They also irradiated uranium 

with neutrons but they believed that the produced element is actinium, which has the atomic 

number 89. In the periodic table of elements lantan (atomic number 57) is found above 

actinium and so their chemical behaviour is similar. The Curies actually discovered a fission 

product but the right conclusions were so unbelievable for them that they almost deliberately 

misinterpreted the results of the experiments.  

 

Finally, in 1939 Hahn, Meitner és Strassman - again chemists - published their results: by 

irradiating uranium with neutrons nuclear fission occurs. They were struggling with problems 

similar to those which the Curies had earlier: the radioactivity seemed to indicate barium 

rather than radium, which latter is close to uranium. Radium and barium are chemically 

similar, however the latter has much lower atomic weight than uranium and therefore this can 

only be a product of fission. In their first article they were cautious: "As chemists, we have to 

say that the new product is not radium, rather it is barium. (...) Nevertheless, as ’nuclear 

chemists’, who work near to the field of physics, we are not yet ready to take such a strong 

step, which is against all our observations already made in nuclear physics. It might be 

possible that the coincidence of a number of unusual circumstances led to erroneous results."  

On the basis of his modified model, Bohr discovered the fission of U-235 nuclei as early as 

1935. 

  



 

 Einstein and nuclear energy  
 

 

The reader has probably long been concerned with the idea why we have not yet dealt with 

the work of Albert Einstein at all. The answer is simple: although 27 years passed since 

Einstein published his famous article in 1905, the connections realized in his work only 

became really significant in terms of nuclear energy by 1932.  

 

In his article of 1905 Einstein proved that matter and energy are identical. In other words, 

matter and energy are two manifestations of the same entity. With the well-known equation - 

E=mc2 - he gives the number of exchange between the two forms: the square of the speed of 

light in vacuum. An interesting fact may be added: the article, to the publication of which 

many people link the beginning of the great revolution of physics in the 20th century, contains 

a serious error in deducing the matter-energy equivalence principle. Decades later it was 

shown that the starting conditions secretly contained the statement to be proven. 

  

Let us consider the significance of the relationship E=mc2. An energy source of astounding 

richness seemed to be disclosed for human-kind. By firing 1 kg of black coal, which seemed 

as most abundant in energy, one can bring to boil about 100 litres of water. In contrast, to 

evaporate the water of Lake Balaton in June approximately 5 g of matter has to be perfectly 

transformed into energy. However, the formula E=mc2 only showed the theoretical 

possibility of converting matter into energy. The actual method of implementation was 

developed by nuclear physicists. 


