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DR. COHEN: I was born in [inaudible] hospital in Manhattan as it was then called in 1913 and was educated in the New York City public schools. I went to Erasmus Hall High School in Brooklyn. I was not a particularly good student at the time.
MR. LARSON: Did you take science courses in high school? I suppose the usual.

DR. COHEN: Yes, as a matter of fact I had a chemistry teacher who was rather important to my later career because I got very interested in chemistry and as a matter of fact got interested in photography for the same reason. There was a photo club in the school and they needed somebody to make up solutions for that and as being interested in chemistry this became my job. That reinforced my chemistry. I applied, my father died when I was 17, just about the time I was going into college. He was very, very sick the year before, so I tried to go to school in New York City, although I had a Cornell scholarship based on an examination. I tried and finally got into Columbia College.

MR. LARSON: So starting with your freshman year you were at Columbia.

DR. COHEN: Starting in my freshman year, yes, and I had begun as a premed major, principally because I think my father had always wanted to  be a doctor, but upon his death I sort of had a revulsion against medicine and turned to chemistry. I did much better in my academic career than I had in high school and finished one or two in my class, I forget which, and was Phi Beta Kappa my junior year and graduated with honors in chemistry. Then I continued in Columbia for my masters and doctor’s degree which was not really the approved thing to do because the general idea was you go to a different place or school for your graduate work.

MR. LARSON: That was the general pattern at least at that time and probably still persists. I was wondering approximately what date did you get your undergraduate degree?

DR. COHEN: I had my undergraduate degree in 1933.

MR. LARSON: Oh yes.

DR. COHEN: But well, my mother was widowed and I didn’t want to leave home and against everybody’s advice I stayed at Columbia and then I got an MA the next year in chemistry and I stayed on and got a doctor’s degree. I had completed my work for my doctor’s degree in about June of 1936 when I was 23, and except for depositing the 75 copies of your thesis which had to be given to the library before you would actually have the degree conferred. It took me seven months to have that done because I couldn’t afford it. It was a very mathematical thesis and of course $300 to have it privately printed. So I waited until the paper came out and then put covers on it and that became my theses.

MR. LARSON: A very ingenious solution to a difficult problem.

DR. COHEN: Yes, but it took me seven months. As a matter of fact I wasn’t in the country at the time. My grandfather had died the year before my doctorate and he left me a small inheritance and on the advice of my sister actually, she said, “Look, you’ve done all this studying all these years. It’s about time you got out and saw the world.” So I went to Paris and spent some 14 months there. I was registered as a student at the university, but I never attended any class.

MR. LARSON: Oh yes.

DR. COHEN: I would have been advantageous to attend as a student because you got half price entrance to museums and you had certain advantages on railroad tickets.

MR. LARSON: Oh yes. That was very nice. Let’s see, what school was it that you attended, rather…

DR. COHEN: Well, it was the University of Paris…

MR. LARSON: The University of Paris.

DR. COHEN: Actually I went to a session at the College de France and was bored stiff. I might point out that I seldom went to class, even at Columbia, but I would study by myself and pass exams. That was my procedure and I learned for example later on that I had registered in a course that Harold Urey taught. He didn’t know me because I never went to the class.

MR. LARSON: Oh yes. Well Harold Urey was a professor at Columbia then.

DR. COHEN: Yes. I met him in seminars. He wasn’t my thesis professor. My thesis professor was Charles Beckman who later became chairman of the department and I was his first student. He had studied in Munich and was interested in mathematical physics. I might point out that by the time I got my doctor’s degree in chemistry I was very much more interested in physics and mathematics than in chemistry.

MR. LARSON: Oh yes.

DR. COHEN: But I had to continue because I couldn’t afford to pay for the points, the credits that you needed to get a doctor’s degree in anything else but chemistry. I had all these credits in chemistry from all the years I had studied there. So I went through in physical chemistry and my degree was on optical rotatory power and the properties of light and it was the solvent action when you dissolve optically active compounds in different solvents, the electric field around the active electrons changes and the rotatory power changes.

MR. LARSON: Oh yes.

DR. COHEN: I had a theory of how that happened with polar molecules. Interestingly enough you couldn’t get a purely theoretical degree in chemistry at that time. I had to do experiments.

MR. LARSON: Oh yes.

DR. COHEN: I gather this has changed since, but at that time you had to do experiments and I did experimentation just to verify the theory.

MR. LARSON: Well fine. So then you got your Ph.D. in 1936.

DR. COHEN: I think it was actually granted in February, January of ’37, or something like that. 

MR. LARSON: By that time I believe Harold Urey had discovered and isolated heavy hydrogen also. 
DR. COHEN: Yes. Well he had done that in the early ‘30’s and won his Nobel Prize and when I came back from France having spent all of my inheritance, and having studied a great many things that I hadn’t understood before such as architecture and gastronomy and maybe even a little female anatomy.
MR. LARSON: So you had a full 14 months then in Paris.

DR. COHEN: Yes. When I came back, I asked Urey for help in getting a job because he was so well known and he offered me a job as his assistant. He had, his first assignment was a theoretical assignment, which was on the properties of [inaudible] hydrogen and I did a fairly uninteresting study on that which has since been published and didn’t shake the world. At the time, Urey was separating the carbon, nitrogen, sulfur, oxygen, that is the life isotopes to, for use as tracers in medicine. At that time stable isotopes were used for that purpose. He had a grant from the Rockefeller Foundation and a number of laboratory assistants and he separated these isotopes, produced carbon-13, sulfur-34, nitrogen-15, and oxygen he had done before I was there and hydrogen of course before then. 

MR. LARSON: He concentrated mostly on chemical exchange methods.

DR. COHEN: He was working on chemical exchange, yes, and after a while though, he felt that he should go beyond that. It wasn’t appropriate for him to be merely a producer of materials for other people to do their research. So he refused further grants from the Rockefeller Foundation, promptly found himself short of money. So he, most of his laboratory assistants, he got jobs in industry and he couldn’t afford a theoretician anymore so I had to take the place as a laboratory assistant. That was my first introduction and interest in isotope separation. 

MR. LARSON: I believe about that time, wasn’t Eastman Kodak taking an interest in some of the production of the isotopes.

DR. COHEN: Yes, and one…

MR. LARSON: That you had worked out at Columbia.

DR. COHEN: Yes. That’s right. Dave Stewart who was a fellow assistant went to Kodak for that purpose and spent the rest of his career in Rochester, and he still lives there as a matter of fact.

MR. LARSON: Yes. I know Dave.

DR. COHEN: Well, Urey had trouble finding me a job for a number or reasons, one of which was I was interested in mathematical theory while I was in France. Although I did a lot of pleasant things, I also studied very hard in modern analysis and mathematics, by myself which was the typical way that I studied. I was interested in theory and nobody in the chemical industry was interested in a mathematical physicist. My name didn’t help either at that time. There was a certain institutional anti-Semitism in the chemical industry and so I was left as literally the last assistant when Urey disposed of his group. In May, well in early 1940, I attacked the problem of the time that it took to come to equilibrium of a fractionating column. That was a problem which had been around for a while and which apparently other people in the faculty hadn’t been able to solve and I solved that problem because I knew a great deal of mathematics and it was a simple mathematical problem really.

MR. LARSON: So that was your first interest in the mathematics of isotope separation.

DR. COHEN: Yes, and that apparently impressed Harold, Harold Urey and therefore when, in early May he wanted somebody to work on the uranium problem.

MR. LARSON: What year was that?

DR. COHEN: That was in 1940 and on May of 1940, and I have the dates in those notebooks that are sitting over there. 

MR. LARSON: So you have documents from that period.

DR. COHEN: I have documents and in about a month I had a mathematical theory of the behavior of the centrifuge. I probably ought to go back to 1939 to show how this problem came about. In 1939, as I mentioned I had been working on the theoretical problem on [inaudible] hydrogen and there was a meeting in January of 1939 in Washington of the AAAS [American Association for the Advancement of Science] and…

MR. LARSON: You’re referring to that very famous meeting there at George Washington University, I believe it was…
DR. COHEN: Yes.

MR. LARSON: …and the Carnegie Foundation.

DR. COHEN: And I have a picture on the wall of all the participants and you see me in the upper right hand corner of the back row.

MR. LARSON: I’ve seen that picture and that was one thing I was going to ask you if you were in that picture. I’ve seen a small picture of it.

DR. COHEN: Well you can look at the wall. I’m standing next to Larry Hafstad.

MR. LARSON: Oh yes.

DR. COHEN: On the last row. 

MR. LARSON: So that was a very famous meeting of course and I would be interested in your recollections of that as to whether that impressed you. As a matter of fact I’ve spoken to at least one individual and he said that at that time he didn’t gather the importance of that, but I spoke to others like Larry Hafstad who were immediately struck with the importance of that announcement.

DR. COHEN: I’m sure that Larry did because as I recollect he got out of the meeting and went over to his lab to check immediately the fission of uranium. I think he was one of the people who did that at the, I think was the Institute for Industrial Magnetism where he was at that time, if my memory doesn’t fail me. 

MR. LARSON: You have the linear accelerator, the Van de Graff or something used there.
DR. COHEN: Well, anyway I was invited to the meeting presumably to talk about my work and I went down with a whole Columbia contingent. At that time, you traveled to Washington by train and I remember sitting in the car and there was [Enrico] Fermi and there was Robbie and there was Urey of course and I don’t remember who else was there and I remember Fermi and Robbie bent over the packing fraction curve and Fermi pointing out that if you went from the heavy end to the middle end of the packing fraction curve, it all goes down like this, how much energy would be released and then of course [Neils] Bohr was at the meeting and he gave the news and nothing that I had to say was of any interest to anybody at that time, or even to me. (Laughter) Let me see, who else was at that meeting? I remember the one who actually ran the meeting was Edward Teller, I think. 
MR. LARSON: He was one of the hosts.

DR. COHEN: Yeah, he was one of the hosts. I remember going to, being invited to his home in Washington and then meeting Neils Bohr for the first time and he came over to me and he said, “I’m Neils Bohr.” I was so overwhelmed I don’t know what I babbled. (Laughter)

MR. LARSON: You certainly had a number of great men there.

DR. COHEN: Oh yes.

MR. LARSON: Incidentally, Chauncey Starr who you also know very well, he was also at that meeting and so it, there were certainly a large number of people right in the forefront of the future developments. 

DR. COHEN: Well, when you look back at it, you say, now we knew all this in ’39 and Bohr and Wheeler had a theory that was really the U-235 and consequently the question of the separation of U-235 from U-238 in order to get a chain reaction was posed right in early 1939. However, the idea that you can separate the isotopes of uranium seemed to be such a difficult problem that people were very reluctant to start on it and in fact didn’t start on it until it was proven about a year later that it was the U-235 indeed as Bohr and [John] Wheeler had theorized was the fissionable isotope. It was only then that people said well we really have to do this separation and we started. Now, this final proof was done I believe by [John] Dunning, [Eugene T., E.T.] Booth and [A.V.] Grosse on a sample prepared by Al[fred] Nier with his mass spectrograph. He had prepared a sample enriched in U-235 and low and behold this was proven in the early spring of ’40 that this was, there was indeed U-235 and at that time the Columbia group headed by [George] Pegram made a proposal to the Naval Research Lab, I believe for work on separating the isotopes under the direction of Harold Urey.
MR. LARSON: Oh yes. 

DR. COHEN: And the proposal was sent in in May and it was actually accepted in August, but we began work immediately. So Urey had been considering in the year from ’39 to ’40 and others of course how the U-235, U-238 isotopes could be separated. Of course the obvious first thing to try was the thermal diffusion process because it was easy and it didn’t require much UF-6 and this was tried, but it didn’t work.

MR. LARSON: Let’s see, go back up a bit, you were there of course when Dunning and Booth made this confirmatory experiment that U-235 was a fissionable isotope. So that, you were right there when a lot of history was being made. 

DR. COHEN: Well, it’s very important to realize, although Columbia is not very well considered. Everything was done there really. Fermi and [Leo] Szilard were in Pupin physics and Dunning was there. Urey was over in Havemeyer. Teller taught occasionally, summer school.

MR. LARSON: Yes. Zin [sp?] came a little later I believe.
DR. COHEN: Zin was an assistant to Fermi as I was an assistant to Urey. Well anyway, Urey had thought of what he called a self-fractionating centrifuge which was the idea of having a centrifuge in which you would have a liquid, you have six at the bottom which you would heat, this would then rise and condense on the top then be thrown on the outside and so you get a counter-current flow. When they started it in earnest to separate it, the first question, the first problem that was put to me was how much separation could you get in a machine which had the, I think it had a peripheral velocity of something like 300 meters a second at that time and, of about a meter long and I came up with an answer which was this would take about 50,000 machines and it would produce about a kilogram of, a day of U-235 at some concentration, like 10 percent. We didn’t know what concentration to use by the way, we didn’t have any idea whether we needed 10 percent or 100 percent of U-235 to make an explosive, and figured that this would cost about $100 million, this at that time. $100 million would be like a billion dollars now and we weren’t accustom to large science and we thought that this proved that it was impossible that it couldn’t be done with that thing. Well we weren’t sure whether that kind of money could be raised for such a project, but we then made an estimate of how much money it would take to continue the centrifuge project for the next six months and that sum of money turned out to be $75,000 and we knew that was impossible. We didn’t know about $100 million, but we knew the $75,000 in the next six months you couldn’t get. So we spent about the next year investigating a great variety of methods and including the gaseous diffusion method, diffusion separation. Dunning and his group having tried thermal diffusion and saw it didn’t work, changed over to the gaseous diffusion thing which [George] Kistiakowsky of Harvard had first really seriously looked at. Kistiakowsky apparent considered that separation of isotopes was too remote to be considered for the war and he went to some other more useful project.
MR. LARSON: Oh yes.

DR. COHEN: I remember many meetings at the Columbia faculty club where Dunning was calculating how many stages it would take to do it. That was about the only calculation that Dunning and his group did. Urey assigned me to that group to actually calculate what a plant would look like. That is how many acres of barrier it would take and how much power it would take and I made the first calculations in a paper entitled, “Total Areas Pumping Power,” and so forth, “of a Gaseous Diffusion Plant,” and this paper came out in some time in ’41, and the interesting thing about that is when I got finished that also cost $100 million.

MR. LARSON: Oh yes.

DR. COHEN: So I remember making the observation, “Well this is my basic theory. It’s going to cost $100 million to do and if you’re going to do it you better start.”

MR. LARSON: Oh yes. Incidentally had the, the British had essentially by that time come to the same conclusion, had they, or were they a little bit behind on that?

DR. COHEN: No, the British really had, the British had decided early that you could make a bomb and they had decided early that the way to do it was by gaseous diffusion. However, they had a different concept for the gaseous diffusion plant than the one that we ultimately adopted and I spent a great deal of time in the next couple of years defending the Columbia concept against the British concept. They were very critical of what we were doing and didn’t think our process would work and I had, I spent a good deal of time defeating their arguments. 

MR. LARSON: Could you just give a brief simple explanation what the differences between the two approaches were?

DR. COHEN: Well they worked at a lower pressure, which meant that they had an easier barrier to make; they didn’t have to make such fine pores. They also had an idea of a multiple stage machine. We had one stage per, we had simple stage machines, very large. They had fairly small stages, but they stacked them in a group of ten and have on a single shaft, they would have ten stages. Then these units would be reproduced at any number, would be, if you will, not unlike what a centrifuge plant is now…
MR. LARSON: Yes.

DR. COHEN: …because you have identical compound units. They were working also in the lamina flow region. We were working in turbulent flow region. Turbulent flow had some problems which it was more difficult to predict what it would be and I might say that before I went over to the gaseous diffusion project I never really abandoned the centrifuge project. Experiments on that were continuing down in Virginia, but I had written the theory and I kept some contact with that. That wasn’t a full time job. The first thing I did actually was to try to separate the uranium isotopes by an exchange process, an extraction between ether and water and I remember doing this in the laboratory. I took a big separatory funnel and put some uranium nitrate in it and poured it in an ether to extract it, would do this several times discarding the ether in order to multiply the effect according to the Rayleigh Distillations. I was quite worried about that experiment because it was dangerous. What was dangerous to me was the fact that I was working with ether, which was flammable. It never occurred to me that I was working with a radioactive material. I got it all over my hands and all over my lab coat and things. In those times nobody paid any attention to that.

MR. LARSON: Well, let’s see, this was, the exchange must be in the water solution and the ether solution. 
DR. COHEN: And the ether solution, that’s right.

MR. LARSON: And the water solution, would you have a plus four valence, or was it…

DR. COHEN: I think it would be six valences in both of them. This is, however it didn’t work. 

MR. LARSON: Well, that’s a very interesting. From time to time we see it resurrected that a possibility of a chemical exchange for uranium separation… 

DR. COHEN: Well I…

MR. LARSON: …it always turns out to be an illusion.

DR. COHEN: Well apparently now the French have a process that now works, in which they have different oxidation states in the two phases, which we didn’t have at that time, and they have what they called crown compounds, which we didn’t have at that time. I haven’t studied that project very much. Speaking of the radiation thing, I remember I was assigned a desk in the basement of Pupin and it turned out that this was the room next to the room where they had the cyclotron. In fact my desk was behind the target and I think probably the reason that I didn’t get any radiation problems or, was a) the cyclotron didn’t run very often, and b) I wasn’t at my desk very often. The combination of when I was at the desk and when the cyclotron was running couldn’t have been very large, but I was…

MR. LARSON: You probably got lots of stray gammas and even lots of stray neutrons back in that room.

DR. COHEN: Could well have been and I was totally unaware of it and certainly not worried. Well when I went over to assist the gaseous diffusion project, the first thing I observed was that the physicists were not really doing separation experiments. They were, they would make a barrier and then they would measure the dependence of the flow through the barrier under pressure. If this was linear with pressure, they would say then in the [inaudible] flow region and that there was separation. So they were judging barriers by this method. I wasn’t overly charmed with this because for one thing, if you had just a hole in the barrier, a big hole, you would get a linear relationship too and wouldn’t get any separation at all. So, I went to the chemistry storage and got an Orsat apparatus and tried the same experiments separating carbon dioxide from hydrogen and in my notebook over there I have a sketch of the apparatus, the data which, that was the first actual separation done on a barrier in that project.
MR. LARSON: Oh yes. So you used that, you used the barrier principle diffusion to separate those two particular things.

DR. COHEN: Well we had them available. We didn’t have enough UF6 that we could waste on that kind of experimentation. Then we had the big problem of how you went from carbon dioxide-hydrogen, or later helium because it turned out that this was safer, to how the efficiency of a barrier against this pair would correspond to the efficiency with UF6 and I don’t remember very well. That was one of the problems I undertook and I think the basic thing that I contributed since we didn’t have until years later, until actually after the plant was built we didn’t have a good theory for separation from barriers. I used the logarithm of the separation factor because that was the only one that wouldn’t change with the definition of which is the important one. It turned out that the log was symmetrical and the other wasn’t and then you would just say that whatever the efficiency was against would be the efficiency of the other. It didn’t really make that much difference because the barriers we were testing then weren’t the barriers we actually used. Now in order to determine separation from barriers at that time with the mass spectrometers we then had, you couldn’t do it in a single pass because a single pass would only have maybe two tenths of a percent change and your measurement was only good to perhaps eight tenths of a percent or something like that and therefore you had to set up some kind of a cascade to do this. Now the other scheme that we had was we were taking a barrier and we would pass 90 percent of the material through so the last 10 percent would have an exaggerated change by the laws of Rayleigh Distillation. Well I investigated a lot of things at that time. One of the questions that we had was how do you make a cascade. You can think of, let’s say, taking a fifth of the, diffusing a fifth through or moving it up four stages, moving the diffused, a fifth, back one, or you could do it as we actually finally did, immediate neighbors and one of the first problems that I looked at was the loss of efficiency in making it a 50/50 split. In a Rayleigh Distillation the first diffusate is lighter than succeeding ones because the rest of the material gradually loses its U-235. So there is obviously some loss in separation by proceeding. I was able to show however that 50/50 was only four percent inefficient and therefore we chose the 50/50 for the diffusion plant. The British incidentally didn’t do this and that was because they were considering there, they had the so-called Rabbit Process, where they take out one third and recycle the middle third and then turn back the third part and it turned out that this was because they had no way as we did of saving the compression energy of the gas that wasn’t diffused through. In their procedure the gas would be compressed and then it would be, some of it would be diffused through and then the part that wasn’t diffused through would go through a valve to lose its pressure and then be recompressed. Obviously it was more efficient for them to diffuse more than one half through, but it wasn’t true for us because from the earliest day we decided we had a two stage compressor.
MR. LARSON: Oh yes.

DR. COHEN: So that was one of the questions that we had with the British. One of the other questions we had with the British was the equilibrium time of the plant. The British process since it ran at a low pressure didn’t have very much holdup per stage where as ours, which ran at five times the pressure, had a much higher holdup. The British presented a calculation showing that the time it would take for the American plant to come to equilibrium would be so long; this couldn’t be of any possible use during the war. So, we were faced with this problem. However I rechecked their calculation and, although it was a very great physicist who had done it, you have to understand that most physicists learn their mathematics from quantum theory instead of the other way around. I had studied a great deal of mathematics as I said and so I wrote a paper entitled the correct Equilibrium time, which turned out to be a factor of five less.
MR. LARSON: Oh yes, which essentially made it practical.

DR. COHEN: Which made it practical. Well the British were quite distressed about this and they put the gentleman who did this calculation on a bomber and sent him over here presumably to persuade me that I was wrong, by the time he got here however, he knew that he was wrong and I recollect, my diary shows, I have my diaries here.

MR. LARSON: Do you remember who that was by any chance?

DR. COHEN: Yes, I think it’s not tactful to mention it.

MR. LARSON: No. I was wondering if it was a part of history though.

DR. COHEN: Well, he has never admitted it.

MR. LARSON: Well, that’s okay.

DR. COHEN: Although probably Gene Booth probably knows who it is.

MR. LARSON: Oh yes.

DR. COHEN: I remember he spent the morning explaining to me why I was right, as if I didn’t know.

MR. LARSON: Yes. Well that’s an interesting point. At least at that point then you had the mathematics and the calculations advanced enough to such a point there was a confidence that the equilibrium time was not going to be…

DR. COHEN: That’s interesting that you point out confidence and calculations. When I made the calculation on the centrifuge, I remember there was a professor since deceased, [Hans von Carl] Carlowitz, who was professor of mechanical engineering I think, at Columbia and after I had given this quite complicated theory and estimated what a centrifuge would do, he said, “How do I know you’re not wrong by a factor of 10?” And you know I never could answer that question. It turned out however that [Paul] Dirac, the great theoretical physicist…
MR. LARSON: As a matter of fact he just died about a year ago as a matter of fact.

DR. COHEN: Yes. He made a calculation of the maximum possible separation in the centrifugal field and I was able to show that this was greater than I had predicted and I was actually able to show how to get what he predicted by optimizing the flow inside a centrifuge. So those were some of the things I want to… We had other problems with the British theorists. One of the problems was they didn’t believe that a counter current centrifuge was stable, or at least they maintained that point of view and it was interesting that Dirac again proved that it was and it was also interesting, it took a long time for the Dirac information to come over to us so that people could accept it. By that time we had decided against the centrifuge and it turned out there were two kinds of centrifuges being considered. The ones which would be concurrent, or flow through and those which would be counter current. The counter current of course would have several effects in one machine and you wouldn’t require as much flow between machines because of it. However, Westinghouse which was making the machines and Jessie Beams who had done separation on chlorine, on carbon tetrachloride before, both seemed to believe, they had more confidence in the concurrent, or flow through than they did in the counter current. So the first experiments on U-235 which were done by Beams again on a theoretical prediction that I had made found that they only got 60 percent of the separation which they were suppose to have. Of course if they had 60 percent of the separation this means that your absolute deficiency was 36 percent. Consequently they said that your number of 50,000 machines had to be multiplied by 2.8, the reciprocal of 36 percent and this, you know, this put this out. Urey and I both didn’t believe in this and kept saying why don’t you try a counter current machine, you see, because there are so many basic inefficiencies in the concurrent machine and later on it turned out that counter current machines were tried at Bayway with Standard Oil of New Jersey and worked at close to 100 percent efficiency but the decision against the centrifuges was made under the impression that they are only 36 percent efficient. So that was a disappointment to me. It was a disappointment to me for a number of other reasons. When you look back at the course of history and you say could we really have had a weapon in time to make the invasion unnecessary, could you have had it in 1944 instead of mid-1945, you look back and you say well, look at this first year. We knew we had to separate the isotopes. We were scared to even consider it from ’39 to ’40.
MR. LARSON: Don’t forget that $75,000 even. We wasted a year.

DR. COHEN: Then in the end of ’41 there was a program that was set up which was to build a centrifuge plant and the purpose of this program, you can find that in the official history and it shows Urey’s influence because it showed much emphasis on making heavy water and having a centrifuge plant because he remained convinced that that was the best way to do it, as did I. The general idea was to have a weapon in the middle of 1944. Well things happened immediately after that. Pearl Harbor happened.

MR. LARSON: Oh yes. 

DR. COHEN: And the first thing that did that was the Army found themselves with a lot of other things to do besides building isotope separation plants. So the Army really didn’t get around to separating, the isotope separation plants until General Groves had replaced the first General. I think it was, I forget his name, was it Marshall? Or something like that.

MR. LARSON: Something like that.

DR. COHEN: And well we can find it in the text. Until, so from the time of this program that Urey had put forth in November of ’41 ‘til September or October of ’42 there was nothing done. So there was another year. Now you can say it’s understandable because the Army after all had a great many other things to do.

MR. LARSON: Yes, that’s right.

DR. COHEN: But there was another year that went. It’s sort of fascinating to think you know we sort of defined the Manhattan Project as a great success.

MR. LARSON: And of course also we also think of it in terms of the time scale was fantastic.

DR. COHEN: The time scale was still fantastic, that’s right, but you know, if we had had a weapon in ’44, the generals’ plot against Hitler hadn’t failed yet and probably would have succeeded. You know, the Russians would be still east of the Vistula, and all of eastern Europe would be free, and you know, the millions of people who died in the ovens wouldn’t have died. That year would have made a tremendous difference. So the question of did you make the right choice of project was another one.
MR. LARSON: That is a fascinating point. I must say, Karl, I have never had that point brought up before. Never heard of it from anyone. I must say it should be very obvious to all of us that, because we knew of those delays.

DR. COHEN: Yeah, well they were interesting things, which there wasn’t any big industrial person who was really attached to centrifuges. Igor Murphy who later on became my boss, I went to work for him in 1944, was occupied with high octane gasoline and with the rubber projects and he really wasn’t that enthusiastic. Although Standard Oil Development Company was testing centrifuges, he wasn’t that enthusiastic about taking on another big project and then dropping everything. Whereas Dobby Keith of Kellex Corporation he was all for, he became enthusiastic for diffusion. So Dunning was very enthusiastic for diffusion and so was Keith, whereas Murphy wasn’t enthusiastic and Urey was, a typical scientist, well you know, there was this for, this against and to General Groves the difference between the people say, “We’ll do it,” and the other people will say, “Well we think it can be done,” made the choice simple for him. Although if you look at it, there had actually been separation accomplished that you could measure on a mass spectrograph by centrifuges and there hadn’t been from diffusion at the time the decision was made.
MR. LARSON: That’s an interesting point. Of course the centrifuge gave that larger separation…

DR. COHEN: You could do enough in a centrifuge, in a single centrifuge that you could measure it. 

MR. LARSON: Well that’s a very interesting observation on the course of history during that particular time then. So then you worked of course with Dobby Keith and…

DR. COHEN: Well no, I didn’t really work with Dobby Keith. They offered me a job working for Kellex and well, I had been at Columbia as a student and graduate student and research assistant for a long period of time and I really wasn’t ready to go into an industrial organization and take orders from a guy who was a manager and didn’t know more than I did. 

MR. LARSON: Oh yes.

DR. COHEN: I wasn’t ready to accept that. So I refused the job and I remember Keith thought he was pretty cute because he kept, I said, “Well look you have [inaudible] and he’s quite capable of doing this work for you.” Manson came in in 1942 and I had shared what I had done with him at that time and well, he said, you know, he’s a routine kind of guy, he says, “You’re the kind of Leonardo Da Vinci type.” I thought that was a bunch of bologna and instead of inspiring me as he thought it would, it just turned me off entirely. So I refused him and consequently they did their best to cut me out of what was happening. I only got in through, problems through Urey. That was in fact one of the reasons that Klaus Fuchs got into the diffusion project because they needed theoretical help and the British offered some, and so they got Fuchs and [inaudible] and [inaudible] and some other fellow and they worked down in the Woolworth building where they were in part because I wouldn’t. 

MR. LARSON: So [inaudible], Fuchs and one or two others from the British group then joined the diffusion group. 
DR. COHEN: Well, of course you see they had picked diffusion before.

MR. LARSON: Yes, [inaudible] had made some of the calculations…
DR. COHEN: I should mention that in addition to working on diffusion and centrifuges and chemical separation if you will, I became, I did some calculations on a cascade for making heavy water. It was part of the various processes. There was the electrical process, electrolytic and the exchange processes and in my notebooks here in the back there are lots of sketches of heavy water cascades. So I was just doing general theoretical work for Harold during the years ’40, ’41, ’42.

MR. LARSON: I believe, let’s see the, didn’t the duel temperature process resonate at that time also…

DR. COHEN: Yes, but a little later.

MR. LARSON: That was later.

DR. COHEN: It was a little later and I was not really involved in that science. This was Spevack [sp?].
MR. LARSON: Oh yes.

DR. COHEN: Actually the S-process as it was then called is a great success and has been the basis for most of the heavy water in the world today. DuPont wouldn’t adopt it. They wanted a conservative process and they used distillation, which was very expensive and very inefficient. That was one of the things that came out of Urey’s laboratory. One of the other things that I got into was the liquid thermal diffusion process. I had, after the gaseous thermal diffusion didn’t work, I made a theoretical study on the forces between molecules and concluded that thermal diffusion of any kind wouldn’t work. Unfortunately, Phil Abelson never read my paper so he didn’t know it wouldn’t work and he tried it and it did. 

MR. LARSON: He did his work, wasn’t it at the Naval Research Laboratory.

DR. COHEN: Yes, and it was hidden from us. He wouldn’t, the Navy wouldn’t tell the Army what they were doing.

MR. LARSON: I hadn’t realized that before.

DR. COHEN: Yeah. Sometime in late ’42 or ’43 I guess it was, we found out about that and I went down to look, to Anacostia to look over the thing and I was very enthusiastic about the thing because we were already having barrier problems.

MR. LARSON: Oh yes.

DR. COHEN: Although this was a very awkward process it was simple. There wasn’t anything to it. You just put two tubes together and put steam through. So I checked their figures and their analysis and concurred that this was a process that worked and urged that the plant be built. You know there was a great deal of compartmentization, compartmentalization during the war. I remember reading later that the family wasn’t allowed to know anything about the centrifuge project, which is amazing. It’s amazing. I remember that the people who were, I guess it was ’43 because the people at Los Alamos were already in existence. I remember leaking to Edward Teller along, walking along Broadway that there was another project referring to the naval one which resulted in his telling Oppenheimer and Oppenheimer officially asking and finally having that plant built, the S-50 plant built. 

MR. LARSON: That’s a very interesting story. I have talked to Phil Abelson about this, of course in addition to his thermal diffusion work he also had the, invented his own process for making UF6.

DR. COHEN: Which turned out to be the best one.

MR. LARSON: The best one.

DR. COHEN: Yes.

MR. LARSON: So that was very interesting. The things that they were able to do with a relatively small staff, but as you say it was a very simple and straightforward process.

DR. COHEN: Yeah.

MR. LARSON: Ordinarily you think the liquid, the liquid process, thermal diffusion process would not be efficient as say the gaseous one...

DR. COHEN: Well because of the diffusion coefficient being so small, yes, that’s true. Well the plant was built and after the war I had an opportunity to analyze the results of the plant and as it turned out that the plant that was built didn’t have the same separative efficiency per column.

MR. LARSON: It’s been a big addition to the Manhattan Project. So after the Manhattan Project was finished what did you turn your attention to?

DR. COHEN: Well, you know, in early 1944 there was a big blow up between Harold Urey and General Groves over the question of which barrier to build.

MR. LARSON: Oh yes.

DR. COHEN: Urey was already very disappointed in the project because he didn’t think it would have any effect on the war. He had enlisted because it was a German war. Objectively it didn’t help the German war at all. It hurt it. So he was quite disappointed with the schedule and he was always inventing ways of having a heavy water slurry to make plutonium instead of building these complicated reactors in Hanford and was very aware of the fact that in his view, as I have suggested, the project was late. So in 1944 he was basically put on the shelf and he then recommended that I leave Columbia. I was invited to Los Alamos and I also had a job offer from Standard Oil of New Jersey from Igor Murphy who as you know was in charge of the engineering board that advised General Groves, was chairman of that committee. I had met him in the Project and he was good enough to offer me a job to follow the project and assist him in his responsibilities. I remember talking to Edward Teller who was the one who had offered me a position out there. I said well I have this opportunity to go into private industry and, in which case I would leave the academic field and wanted to know whether he thought I had the kind of academic future that would make this a mistake. He indicated that I could do useful work, but he really didn’t think it would make that much difference to the course of physics. I remember thinking at the time that I don’t know that he’s right, but I’m not sure I want to work for anybody that thinks that. So I took the job with Standard Oil. I got interested at that time, well I continued my relations with the project. At that time there was the Alsace mission.

MR. LARSON: Oh yes. 

DR. COHEN: And I was one of the people who was briefing, what’s his name again? 

MR. LARSON: Physicist who was in charge of the…

DR. COHEN: Goudsmit, Sam Goudsmit.
MR. LARSON: Sam Goudsmit, yeah.

DR. COHEN: Philip Morrison was the one who was briefing him from the side of the reactor side. And later on in ’45 for example, Urey asked me to summarize the work of the SAM theoretical group. Urey’s laboratory there was set up with four divisions. One division was Dunning and I had the theoretical division and there were two other divisions. I forget who were the directors of those and so he asked me to write this work up and in 1945 I think it was, late ’44 or late ’45, I began to work on a book. This book hasn’t been declassified to this day, which amazes me all the time. Nobody knows that I know the first theory of a fusion stage. It was always attributed to somebody else, but the fact of the matter is I did it first. The book, a declassified version of the book was printed in 1951, which is about half the size of the secret book. I keep asking people periodically to declassify the other book and I keep being told that it can’t be done. Now this is all of 40 years.

MR. LARSON: Fantastic. I had no idea that anything of that…

DR. COHEN: Well let me give you an example. I just picked, these were in my safe at General Electric and these are my diaries and the diary is declassified with excisions. Let me see if I can find an example. Yeah, here it is. There is a page cut you see.
MR. LARSON: Can you turn that around, Karl, so we can see?

DR. COHEN: It’s really a dreadful thing to do because at least they should have made a copy of it before they did it because this is destroying, and I don’t know what I’m mentioning in there, probably something about how the barriers at that time were being built. Now they don’t build them the same way anymore I’m sure. It’s just preposterous. Now I only just got this book back two or three weeks ago. 

MR. LARSON: Well that’s fantastic that there is still…

DR. COHEN: It shows a great deal of the work that I did is still being, is still classified. There is an interesting thing, though, and that is after the war the declassification board wanted to declassify everything about the centrifuge and the people in the gaseous diffusion business were all in favor of that because it was their way of showing contempt for this other process. Consequently in my, the book that was published, my work that I did on the centrifuges was published and as a result of that I obtained two prizes and a considerable amount of money and I just think that’s funny.

MR. LARSON: That’s really amazing and so that’s still, those things are still classified.

DR. COHEN: Yeah, they’re still classified. 

MR. LARSON: That’s an amazing, amazing story because I thought everything at that particular, after all 40 years is…

DR. COHEN: It’s 40 years, yeah.

MR. LARSON: …would certainly be declassified. Well eventually…

DR. COHEN: You know there have been five countries including the United States that have made weapons from gaseous diffusion. If you think somehow or other, that information was not really necessary because the Chinese and the French and the Argentines have got a gaseous diffusion plant.

MR. LARSON: England, France…

DR. COHEN: And Russia. So it’s hard to know what secret we’re keeping.

MR. LARSON: That’s a fascinating point.  So you finished up that book then.

DR. COHEN: Yeah.

MR. LARSON: It’s still…

DR. COHEN: Well, my last two contacts with the project were on the Alsace mission and writing the book. I also, you know, right after the war, I became interested in the big debates about how we were going to set up this civilian enterprise and I followed them for Standard Oil and also began making studies on civilian power plants. The point of view of Standard Oil as Murphy explained to me was we are in the energy business and this is energy so we want to know about it. So I began making studies with W.I. Thompson who was also employed at Standard Oil of various kinds of reactors. We became immediately conscious of the problem of capital cost and began thinking of ways of getting this down. The reactors, the ones we were thinking of at that time of course were the graphite moderated reactors more or less of the Hanford type. We became persuaded that graphite wasn’t a good moderator. For one thing it wasn’t stable and it was expensive and became interested in water moderated reactors. In order to make a water moderated reactor go, you have to use slightly enriched uranium. So we became interested in reactors moderated with water and using slightly enriched uranium. Now this was somewhat different from what other people were thinking of because the physicists were typically thinking of water moderated reactors using highly enriched uranium and highly enriched uranium is quite expensive. So we thought this was an economic way to go. At Standard Oil, however, our studies showed that there wasn’t really any room for the oil business to be overly worried about nuclear power or even to get into it. I remember coming to the conclusion that the only product that would have to be displaced by nuclear energy was bunker C oil which was used for fueling merchant ships and boilers. This was the lowest value product that the oil companies had and they didn’t really care for that product. They were obliged to furnish it they really wanted to ameliorate their product and produce high energy gasoline. So I gave them the advice that they should stay out of the field for 20 years and well I also got into a problem of self-expression. You know the MacMahon Act as it was first passed was highly restricted and it expressed a great deal of suspicion against private industry, vested interest and so forth and so on. I was offended by that and I wrote an article for the Bulletin of the Atomic Scientists in which I said that this was a ridiculous point of view, that your keeping your own industry out because of your own prospects of an agreement with the Russians that you are never going to have and so forth and so on. I wrote this article and I remember proposing in the first place to Murphy to write it with me. He wouldn’t do that. Then after I showed him the article before it was printed he sort of changed his mind and we had long arguments about whether it was appropriate for me to publish or not. I said, “Well, at this point where I have submitted the manuscript and it has been set up in type,” I said, “I am perfectly willing to resign, but I’m going to publish it.” Well Murphy said, “I don’t want you to resign. That’s not necessary. Maybe you could put a disclaimer that it doesn’t represent Standard Oil.” It finally didn’t even have a disclaimer. The interesting thing is I think they agreed perfectly with everything I said.
MR. LARSON: Well, it’s probably that even though they agree, they might not want that to be a public position. 

DR. COHEN: I understand perfectly well the point of view now. I didn’t at that time, you know after all I was quite a young fellow and didn’t have much industrial experience. Anyway the fact that I had recommend that they not enter the business for 20 years and I asked myself well look I’ve pulled it through, I got my way, but will I have the courage to write another one and I decided I wouldn’t, so I resigned.

MR. LARSON: That’s interesting. What year was that?

DR. COHEN:’44.

MR. LARSON:’44. 

DR. COHEN: And I went with the H.K. Ferguson Company on the recommendation of Phil Abelson. Abelson, see the H.K. Ferguson had built the…
MR. LARSON: They built the S-50.

DR. COHEN: …S-50 plant and Abelson was retained as a consultant to them. They were then building the Brookhaven complex including a cyclotron and radiation laboratories, and the graphite reactor there. So I guess Phil told them, or maybe they felt that they needed some technical man on their staff to represent them. So I was hired by H.K. Ferguson Company on Abelson’s recommendation to them. Immediately after I got there, it turned out that they couldn’t bill me to the project. The Atomic Energy Commission wouldn’t accept my charges. So I had to set up a separate Atomic Energy Division and try to get separate government contracts, which I did and the first contract I got I remember was with Admiral Rickover. Admiral Rickover at that time was interested in submarines but he was worried that the strategic air command would have priority for the U-235 that he needed to fuel the submarines. So he was looking for ideas to reduce the amount of U-235 he needed. Pipers had this idea of using slightly enrich uranium instead of fully enriched uranium which would have two benefits. First it wouldn’t take as much separative work out of the plant and second since some plutonium would be made in the course of the reaction, it would extend the life. So he gave me a big contract, I think it was $25,000 to study this idea and again this idea came about because Edward Teller had the same idea. So I visited Edward and Edward recommended to the Admiral that this go ahead. So I got the contract with my little group. Alvin Radkowsky who later became the chief physicist for the Admiral.
MR. LARSON: Yes, I used to talk with him, you know, when he was on Rickover’s staff.

DR. COHEN: Well, he wasn’t on Rickover’s staff at the time. At the time he was I guess with [Harold] Etherington’s group in Argonne and Rickover wasn’t satisfied with the education he was getting so he assigned him to me, in part for education and because he wasn’t giving me enough money anyway. He wanted to give me some help. So Radkowsky joined my staff at that time and we came up with a, with the advantages of this reactor and then turned around to proposing it for the expansion of the reactor complex which is needed to produce plutonium and tritium which were then being needed for the weapons program. So I got another proposal in with my little group at H.K. Ferguson, my Atomic Energy Division and we made this proposal. We, the Westinghouse people at that time were engaged in the, developing a reactor for an aircraft carrier, the CVTR, and they went around and looked for ideas to all the national laboratories and including my tiny little group of maybe 20 or 30 people. They sent, I guess it was Al, Henry and Bob Kregan [sp?], were their investigating team and they liked our ideas and they adopted them. Westinghouse came out with a report as to what they should do. There were some interesting byplay in all of this because Zin who was advocating heavy waters wasn’t sure of my calculations about the amount of separative work that saved taking a side stream out from the gaseous diffusion plant. You have to remember that most physicists really thought that the elegant way to separate isotopes was by the calutron which produced 100 percent U-235 in one step and they thought this was the archetype for diffusion. It never occurred to them that there was another way of doing it from which you could take it at all concentrations. So he asked the Carbide and Carbide people who then had a very large, I guess the country’s largest computing outfit, in Oak Ridge, to calculate. Now I had done it on the back of an envelope doing separative work concepts. So they put it on the computer and low and behold, the answer was it didn’t make any difference whether you take a side stream at one and a half percent or whether you produce 90 percent stuff and mixed it back with natural uranium. Of course that’s an absurd result. I said no, that must be wrong, but I couldn’t check it because I wasn’t cleared. I didn’t have a need to know. Jimmy Lane who I had met in the Alsace thing checked and found that, they had asked of course, they had the right answer to the wrong problem. They forgot to add an additional amount of natural uranium to make up for the additional amount of U-238 which is taken out of one and a half percent.
MR. LARSON: Yes. You can’t violate the second law of entropy. It’s like the law of thermodynamics. That’s what the law seemed to indicate.

DR. COHEN: That’s what it seemed to indicate. So anyway that was finally confirmed. At that time of course there was a doctrine in the Atomic Energy Commission that they wanted to separate the U-235 procedure from the plutonium procedure. They didn’t want to use enriched uranium in reactors to make plutonium. Some idea that if one of the plants was out, the others would work or be destroyed. I don’t know what concept of a war they had, but…
MR. LARSON: Of course, then also I think that for a long time it was just assumed that the cost of separating uranium was too much to be used in that manner. 

DR. COHEN: That’s right. 

MR. LARSON: Nobody put the numbers together, and looked at the bottom line.

DR. COHEN: Yes. So I guess for the next couple of years I guess my principal activity was to say you really can use slightly enriched uranium as fuel. It’s a functional thing. I did that there. Then when Ferguson was winding up the work at Brookhaven, they were no longer interested in my group. So we got some financing from the Walter Kidde interests and formed a separate laboratory. We then tried to go into the civilian reactor power business on a capital of $300,000 and not, it’s not particularly a surprise that the utilities never bought one of our reactors, and I got into a fight with my backers and colleagues because I said we have to get more backing and the people that are going to back us are going to have to have the majority interest. They said, “No, no, we need more backing. We agree on that, but we are going to keep the majority.” I said, “You’re never going to sell that way.” They said, “Well why do you get the majority,” and I said, “Well we’re giving the technical expertise. I brought you the technical expertise and I don’t have the majority.” So I was finally voted out. They determined that I was never going to work for a family owned company again because their pride is too high. At that time, the MacMahon Act had been modified and Westinghouse and General Electric and all the other big firms were coming in. so I immediately received offers from Westinghouse and several offers from various departments of General Electric and finally took the one in their civilian power because that was what I was interested in. Now interestingly enough, you know, there are a lot of people who went to Los Alamos who subsequently have avowed to a lot of guilt that they went on developing the bomb after it really wasn’t needed. Many of these people forget that during the war people were under consider compulsion from the government and if you didn’t work for the government you were to be drafted and sent to the South Pacific. 
MR. LARSON: That’s right.

DR. COHEN: They forget this weight that was on them which was when the government tells you to do something you do it. 

MR. LARSON: Especially in war time.

DR. COHEN: Especially in war time, that’s right. They ought to stop agonizing over it. they didn’t have any real choice. Well anyway, I finally joined General Electric Company and I…

MR. LARSON: What year did you join General Electric?

DR. COHEN: I joined them in ’55, the end of ’55, and…

MR. LARSON: Started the big push for…

DR. COHEN: Was just the time, and General Electric at that time had a contract for the Dresden-1 reactor. 

MR. LARSON: Oh yes.

DR. COHEN: At that time, I was still living in New York at the time, but General Electric was then going to move out to the West Coast and since I love cactus, as you can see from my garden, that was very attractive to me. So I came out with them here. I became manager of advanced engineering and was basically occupied in figuring out a way to make these things economical so I continued the interest of course in slightly enriched uranium. I remember publishing a paper, I guess it was some years later, in ’58, to prove, which disclosed for the first time, actually how much material was being produced in Oak Ridge. The Europeans had figured that they couldn’t use light water reactors which, with slightly enriched uranium because they thought the U.S. was subsidizing enriched uranium so that, to make everybody require their fuel. That was their suspicion. They had an estimate of the production of the plant which turned out was low by a factor of three. I showed by manipulating the financial numbers what the real production was and to my surprise it was cleared. I also wanted to show my intimate knowledge of the plant, how much was in production; well they wouldn’t let me do that, but they let me show it financially. Later on of course, this has been declassified. So I published the paper in the general point of it is you can pick light water if you want and you can get all the slightly enriched fuel that we’ll need for 20 years from one of these three plants. Eventually that had an effect on the French.
MR. LARSON: Oh yes. Well, that’s right. That’s an amazing thing. It was so difficult to get that concept across. As a matter of fact, as late as 1970 there had been some sort of an international meeting and one of the Englishmen spoke up and said the reason the United States is able to do, you know, gaseous diffusion, this type of reactor is because of their cheap TVA fuel, water power. He was so far off base on everything. It was amazing. That was the concept which died, took a long time in dying. Of course if you just think of the simple thing that even if you use electricity almost at any cost, the electricity that is used to run a gaseous diffusion plant will, if put into a reactor will produce enough power for 25. 

DR. COHEN: Yeah.

MR. LARSON: No matter how much electricity costs…

DR. COHEN: That’s a tremendous factor.

MR. LARSON: That’s a factor that’s important.

DR. COHEN: And the anti-nuclear people at one time had this argument that it would really cost us more energy than comes out. Of course you are familiar with that too.

MR. LARSON: Oh yes. They forget about that 25 thing.

DR. COHEN: Yes. Well I became interested in economics and I was also concerned about reactor safety. I was very concerned about reactor safety at a time when the public wasn’t very concerned about it. In the early years, there was a great deal of enthusiasm for nuclear power. You can use it for railroad trains. You can use it for merchant ships. You can use it for airplanes. 

MR. LARSON: Oh yes. Nuclear powered airplane…

DR. COHEN: People weren’t that concerned about safety. I mean once you have proven that it can be controlled because you had the delayed neutrons, the problem was all over. But I became worried about reactor safety and suggested to General Electric that we set up our own Reactor Safe Guards Council and the reason for it was, well General Electric at that time was running, had built five reactors at Hanford and was running eight. Therefore had a tremendous amount of operating experience and was operating plutonium recovery plants and we had subsidiaries in heavy water technology in Canada, Canadian General Electric. We had this big aircraft nuclear propulsion project where we were looking at gas cooled reactors and of course we had the Knolls Atomic Power Laboratory which was working for the Admiral. So I thought we had a tremendous experience in reactor design outside of the civilian group. I said why don’t we bring this in to advise us. At that time there weren’t any standards. There was no real experience on operating civilian power reactors. I said well let’s bring this all together and let this group assist and advise the Atomic Power Equipment Department. So this idea was accepted and I became chairman of that group and we, and remained chairman for eight years, until I got too preoccupied with fast breeder reactors and my group was so big that I couldn’t do both jobs. We then set up the idea of not only having our reactors safe, but we were suppose to make a reactor both safe and economic. This is quite a difficult, see I already pointed out that the Nuclear Regulatory Commission doesn’t to this day have a charter. They don’t have to make it economic. They have some requirements on back fitting that are cost benefit, but basically their charter is to make it safe, period. But our charter was to find ways to make it safe economically.
MR. LARSON: There is a tremendous difference.

DR. COHEN: It is a tremendous difference and as a matter of fact what has happened to the nuclear industry is that we, it is no longer economic because we’re not making it safe economically. I believe the reactors we are making today are overly complicated and have a lot of problems as we all know. Anyway, I preached this doctrine for a while. I also set up within General Electric the idea of a program of reactor development and experimentation to determine which of the ways you should build a reactor. A boiling water reactor can be built in lots of ways. You can have faucet circulation. You can have, take the power out through a heat exchange as you do in pressurized water reactors. You can have single cycle, a duel cycle reactors, you can have them high power density, or you can have them very compact and there are advocates within the company of all these various ways. My proposal was why don’t we build smaller reactors and see by actual experience and cost what’s the way to do it. We also had the idea of having pressure depression containment instead of the dry containment which ironically enough had also been invented by General Electric. The first dry containment was in West Milton for the sodium cooled prototype of the Seawolf and since this was near in the civilized part of the country, not like Hanford, was put within a sphere. So since we were into the business of conceiving containments, we didn’t have any hesitation to see that the pressure containment would have certain advantages. Now I’m aware that pressure containment is not well considered now and is as a matter of fact the Nuclear Regulatory Commission and the ACRS have never seen its advantages and we know it’s more difficult to build and to engineer, but I still think it’s safer. Therefore we put boiling water reactors in that. I must say that the people outside General Electric who build boiling water reactors such as ASSA and Toshiba and Hitachi have also accepted this idea and so the, it’s always been strange to me. I of course was a pressurized water reactor person because I had had this experience of helping Admiral Rickover.
MR. LARSON: Yes.

DR. COHEN: And the choice of a boiling water reactor by General Electric was not made by me, but I became persuaded that it was a better reactor and has certain fundamental safety advantages. One thing is it runs at half the pressure. Another thing is it runs at half the volume specific power. For another thing the pressure vessel is much further away from the source of radiation because it has a thicker shield vessel. And it’s a lot easier to get cooling water in because you don’t have to go through a closed loop heat exchanger. It’s easy to depressurize. So I can think of lots of reasons why this is actually a safer reactor, although the usual prejudice I should say is that it’s the PWR [pressurized water reactor] which is the safer reactor. 

MR. LARSON: Conventional wisdom is…

DR. COHEN: That’s the conventional wisdom and I’ve never agreed with conventional wisdom on this or anything else.  

MR. LARSON: Well that’s very interesting about, your remarks about the boiling water pressurized. You say that there are two foreign countries that are stil making them essentially. 

DR. COHEN: Yes. Well ASSA and Hitachi and Toshiba are. Now the, during these early years it turned out, I had a fairly reasonable view of the future of nuclear energy. I was defending the light water reactors against people who kept saying you’re wasting neutrons and you’re not going to have enough uranium to fuel them and arguments like that. I remember writing a letter to Glenn Seaborg pointing out that the idea to change into a heavy water reactor economy would require him to build more heavy water reactor production plants. That although you might say if we had gone that way it would be cheaper than the way we had gone. The fact of the matter was we already had three large isotope separation plants and these you had to amortize or…
MR. LARSON: The amortization of the new plants…

DR. COHEN: The amortization of the…

MR. LARSON: …would kill you.

DR. COHEN: …would kill you, that’s right.

MR. LARSON: I think I calculated as far as the U.S. dependence is concerned. those three plants would furnish the U.S. with enough until 2025, but that’s at modest growth.

DR. COHEN: That’s perfectly correct. And I remember at that time that I made a prediction as to how many plants we would have by the year 1980. Now this prediction was in the early ‘60’s and actually it was right on the money and the reason I say this is because that’s not the last prediction that I made. Like everybody else in the business, I got caught with the infection of the so-called economic breakthrough that we made in ’67 with Oyster Creek and made the predictions of as many as 500 or 1,000 in a year, but in the early years I was right. My recommendation to people who want to be known as prophets: the way to do it is to make many prophecies and put them in your file and only pick out the right ones.

MR. LARSON: Oh yes. Yes, that’s a, I once heard the story about the obstetrician who said, “I’m going to make a prediction as to the sex of the baby, but keep it a secret from you. I will put it in my file right here.” Then he pulls it out afterwards and says, “See I was right.” So you’re putting it in the file is the same principle. 

DR. COHEN: Well you…

MR. LARSON: Fine. Well that’s pretty fascinating. You have had certainly a wealth of experience in a lot of different parts of the business, Karl. 

DR. COHEN: Well I got interested in breeder reactors, in part, I might say, in order to diffuse all of the arguments of the neutrons neurotics against the light water reactors. I said, “Look, if you go into a fast breeder reactor you can just use the U-238, so you don’t have to worry about burning the U-235. You don’t have to worry about whether you have enough uranium.” So I said, “Well, why don’t we consider developing these intermediate reactors like the gas cooled reactor or the heavy water reactor. Why don’t we take a look at this? This is our safety.” So I started developing that reactor and I pointed out my interest in reactor safety and the first thing we did as a company was to build a safety experiment, the C-4 reactor. 
MR. LARSON: Oh yes.

DR. COHEN: Which was, what we did was we blew out a control rod and made the reactor pump critical. It turned itself around, which is what we had predicted. 

MR. LARSON: That was down in Arkansas.

DR. COHEN: That was down in Arkansas, yes. So that was the way we approached the fast reactor, but in the fast reactors I made speeches to my fast reactor people saying the probable circumstance when you try to build a fast reactor will be that there is already a well-developed light water reactor economy and plenty of fuel. Don’t depend on running out of fuel and having to go into this. You’ve got to get the capital cost of the fast breeder reactors down. Don’t expect to get there on what I call the Pullman chair of running out of uranium.
MR. LARSON: Yes.

DR. COHEN: It isn’t going to happen that way.

MR. LARSON: That’s not going to happen at least for another 40 years.

DR. COHEN: And I’ve got lots of speeches to confirm this view. I don’t know that it was well established.  I always thought that the physicists including many of my good friends, they would figure out the economics of a fast breeder reactor and then they would figure out on a separate sheet of paper what the breeding ratio was as though somehow or other that was worth something extra. I kept maintaining breeding ratio was only important in so far as it affects your fuel cost.

MR. LARSON: That’s right. Only.

DR. COHEN: Only. 

MR. LARSON: But the dominance of thinking on the breeding ratio…

DR. COHEN: Well and strangely enough that has excited the agitation of the anti-nuclear people who have mistaken the expression fast breeder to mean that it makes plutonium rapidly. It isn’t. It’s a fast spectrum reactor which actually makes plutonium quite slowly. If you want to make plutonium you use a converter rate.

MR. LARSON: It should be pointed out that these also, it burns plutonium.

DR. COHEN: And as a matter of fact you don’t have to make it a breeder. I remember that I was worried about the use of sodium because of the heat exchange problem and then the problem of sodium on one side and steam and water on the other side. 

MR. LARSON: Which reacts quickly.

DR. COHEN: Yeah. So I was proposing also a steam cooled fast reactor, but it turns out that I couldn’t interest anybody in a steam cooled fast reactor. I couldn’t show that the breeding ratio was high enough. And the fact of the matter was you could cut your development time down and you could get rid of this terrible problem, it never interested anybody.

MR. LARSON: I never could quite understand that, but it was quite dominant in everybody’s thinking.

DR. COHEN: Well as I say, I think I took a leading role in developing breeder reactors, but the people that I enlisted, mainly the physicist people, were not excited about it for the same reasons I was. 

MR. LARSON: Yes, well that’s very, very interesting. So, that, you’ve covered the whole spectrum then of atomic energy, all the types of reactors and everything else.

DR. COHEN: Yeah. Well of course in later years I became interested in the privatization of isotope separation plants and I tried to resuscitate the centrifuge project on several occasions. In fact, just recently and I am still active in the movement for de-monopolizing the Oak Ridge Complex, the Oak Ridge-Portsmouth-Paducah Complex and taking it out of the annual budget process so that it can be run as a business because it seems to me that the basic question of why is the government in the process of making fuel. 

MR. LARSON: It’s completely insane. Of course there are two things and both of which are based on false premises. One of them of course is the international situation. Somehow or other the government’s got to do it because of the international problem and also because of diversion and these are all such crazy excuses.

DR. COHEN: Well it’s interesting to reflect back on this. When we first proposed using slightly enriched uranium, the fact that the possession of the sole source of it would give us a control over everybody never really came up. I don’t remember in the arguments for that kind or reactor that that’s a significant point. Later it became adopted as a main point. The nonproliferation aims, our requirements which says you can’t reprocess your fuel or store it or anything unless we tell you means that our customers can’t do anything about, they don’t know what to do with their fuel at the end of the cycle and we have this recent flap with Japan as an illustration. The whole idea is preposterous. If Japan which now has centrifuges and can enrich uranium, if Japan wants, or Germany, if they want to make nuclear weapons they don’t make good ones, they’re not going to take second rate reactor fuel. 
MR. LARSON: That would be the last…

DR. COHEN: That would absolutely be the last way they would go. And well, there are a number of other things for example if you want to control the fuel cycle of other countries, why don’t we take back your spent fuel and we’ll bury it for you and we’ll take care of it. Then people will say, “Oh we’re not going to take other people’s garbage or…,” and the fact of the matter is that spent fuel isn’t garbage. It’s a resource. We happen to be, we don’t happen to know how to reprocess it, economically now, but that doesn’t mean it isn’t there, and that we’ll never learn.

MR. LARSON: We’ll certainly in 25 years we can learn to develop a process used in the next 25 years.
DR. COHEN: No but if you bury it in a repository so you can’t recover it. My idea is that you should put it in monitored retrievable storage and in fact that is what we are doing. We’re not building…

MR. LARSON: We have to do it.

DR. COHEN: We have to do it, there is no place else to do it. So each utility now has a concrete pad where it’s putting air cooled things and that’s a fine idea.

MR. LARSON: What’s wrong with that?

DR. COHEN: There is nothing wrong with it.

MR. LARSON: So that, I was quite amazed that we are able to simply stick it out there with air cooling after, what is it four or five years?

DR. COHEN: Just think of the attraction if you say, if you buy American fuel, that is take American uranium and enrich it in the American diffusion plants, we will lend the fuel to you and then take it back because it’s our product and we will bury it. You know they would jump at that. We would get the whole market back.

MR. LARSON: We would. Well now we’ve got everything turned the wrong way.

DR. COHEN: We’ve got everything turned the wrong way. We don’t want the fuel and now our uranium miners are suffering and we’re losing the market and we turn out to be the supplier of the last resort. 

MR. LARSON: Well if you were the head of a foreign country, would you buy from the United States?

DR. COHEN: No because we put too many silly requirements on it and that’s why we’re losing it.

MR. LARSON: And if the requirements are okay today, next month Congress may change something.

DR. COHEN: Oh yes. That’s another thing that they didn’t like.

MR. LARSON: Fine. Well, Karl, this has been a fantastic exposition of some fascinating history and we certainly want to thank you very much for participating in this.

DR. COHEN: Well you’re surely welcome. I hope I didn’t bore you to death,

MR. LARSON: This has been a fascinating conversation and I think with that we’ll turn off. 

DR. COHEN: It’s embarrassing to me to see successful programs going ahead in France and Japan. Now remember in the early years, we thought that the first nuclear power would be economically developed overseas because coal and oil was expensive. Little did we realize how right we would be.

MR. LARSON: Yes. Well that’s, it really is painful, this development.

DR. COHEN: Yeah. 

[End of Interview]
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