CD2   (1 inaudible)
…scratching our heads about just what the critical mass was going to be.

So how much of this 235 did they need?

And every time they did a new set of calculations and thought about new problems the critical mass would get a little bit larger.

So then Oppenheimer would tell Groves that Y-12 needs to be a little bit bigger.

XAX and XBX down in 9731, during this period, October/November, they started up in October/November of 1943, they started running alpha units and we soon, in 9202 got some of the alpha pockets out of the 9731 XAX and started doing experiments with, instead of what we call cold uranium up in Rochester, absolutely nothing was enriched of course, but instead of working with cold uranium to work out our chemistry processes for purifying this stuff, we could actually start working on something that was enriched.

It was enriched very small amounts but nevertheless we kept very, very careful, took very, very extraordinary precautions to make sure.

For example we used a glass beaker or Florence flasks or something.

We always had a stainless steel can to put them in.

We had stainless steel cans made for all of our glass equipment so that if we had an accident we wouldn’t lose anything.

We were still working with very, very low enrichments up through February of 1944.

But these were very small buildings and when we got the first material ready, Los Alamos, I never knew this of course down in my lab – but what was going on was Oppenheimer’s people were dying to get their hands on some enriched uranium in quantities so they could start doing experiments to really determine just exactly what this critical mass was.

And of course Groves was very anxious too, so he’s beating on us to get the production out and Oppenheimer’s people are just waiting for it anxiously and the first kelutron really alpha kelutron got started up in November, late in November of ’43 and it turned out to be a disaster, as the history books tell us.

The magnet shorted out and it was just, it was just a total flop.

They hadn’t had a chance to really work out all of the problems in XAX and so it’s no surprise when the production units got together first time any of these things had been tried that they had trouble.

But it was, they had to send the magnets back to Milwaukee to Alice Chandlers and change the gap spacing and change the way the oil was purified so that it didn’t have foreign materials in it that caused these electrical shorts.

General Groves just went blazer over this thing but the “pipeline”, the pipeline of equipment that was being build by Alice Chandlers and so on, they were trying to build kelutrons as fast as they could, so that as soon as they detected that there was this problem with magnet gaps and contaminated oil, they immediately took steps to fix the problem so that we didn’t just take the old stuff out and send it back and have it fixed and sent back, we ripped that stuff out and put these new units in.

So that in January by the end of January the first of  the brand new units with proper spacing and (inaudible) started operating and turning out small amounts of low enriched uranium, ten to fifteen percent from alpha and that stuff started coming over to 9202 and we started cleaning those and purifying the material.

That’s where my gang all worked.

I was in the labs in the back end of the building that took the solution from the cleaning of the pockets across the hall, we took it, it was then contaminated with copper and iron and nickel and so on from stainless steel parts that they washed and we had to purify it with ether extraction and turn it into U03 and then it went next door up the hall in 9202 and the guys took the U03, reduced it to U02 and chlorinated it to UCL5 with carbon tetrachloride and then they sublimed it to UCL4 and loaded into pockets for the beta kelutrons.

The production lines started cranking up there in January and February, Los Alamos was dying for stuff.

The first real batch that we put together was about 200 grams of uranium oxide ready to go to Los Alamos as the oxide and I actually had my hands on that, had, I was in charge of purifying one step of that, not the whole thing, but it had to come through my laboratory back there in 9202 and it was responsible for me getting closer to getting fired than I ever got in my life.

We had no idea where it was going, Los Alamos.

The word was from my boss and from his boss who came and talked to us, followed the 200 grams all through the cycle, how are we doing?

Will it be done by 3:00 this afternoon?

Is there anyway we can get it done by 2:00 and so on and so on, are you sure you’re not going to lose any?

Yup, yup, yup.

I had no idea what the enrichment was, had no idea it was going to Los Alamos, this was all stuff that I’ve been able to overlay afterwards, but I knew it was very important, and I had to get it very, very pure and make sure I didn’t lose anything.

My job that one afternoon was to filter it out on a buchner funnel and suck it through there and collect it on this filter paper and then cal sign it from UO4 which we precipitated it as, turn it into U03.

All I had to do was, I got it out and I got it all filtered, oh it was a beautiful, looks like lemon U04 as it’s precipitated, uranium from a solution with hydrogen peroxide and it looks just like a lemon cheesecake.

It’s a gorgeous color, lemon pudding is what it looks like, very, very pretty.

And then when you cal sign it, it burns, turns into U03 and that’s a nice finely grained yellow powder, a very, very pretty orangey powder and so I had it down, nice lemon custard in the buchner funnel, fill the paper here, that thing here, had it sitting in a cup, a nickel cup and there’s a bead around the glass buchner funnel, just a little bead around the lip to increase it’s strength or something.

It caught on the rims of this nickel cup and I thought, well that’s fine, that means it won’t, at the bottom the thing will not be talking about the bottom and we’d get some kind of too hot.

Well I put it in the oven and I went home and turned on the timer and the next morning when I got into the change house to change my muddy shoes, galoshes into the shoes that we wore in the building because it was brand spanking clean, beautiful, somebody said, “Bill, Doctor Ballard is looking for you.”

He said, “The way he was looking for you I think it would be good if you just didn’t rush up to his office, I think it’d be good if you sort of walked around a little bit.”

I said, “What in the world’s the matter?”

I didn’t know.

Well I figured something’s wrong with that oxide, must be.

And I went to see my boss instead of Doctor Ballard, who was my boss’ boss and he said, “What in the blank, blank, blank did you do with that stuff?”

Do you know what happened?

That nickel beaker expanded and the thing dropped down in there and then when it cooled off it contracted and it crushed that and now that precious material is all mixed up with a whole lot of glass and we’ve got to start all over and repurifying it.

It’s going to cost us a day and a half!

And he says, “Don’t go to see Ballard, he’s going to fire you!”

Oh!

That just gives you a little feel for how intense it was, how hard we worked.

Actually that wasn’t any horrible big deal but there was, you know it cost us time.

But that eventually the 200 grams did get out to Los Alamos and they did some physics experiments and helped refine their estimate.

In the spring of ’44 when this is going on, in the spring the new estimates made it obvious that 9202, 9203 just couldn’t do the job and we’re adding other alpha buildings, we’re adding other beta buildings and these are just completely inadequate.

So the answer to the expansion of 9202 was 9211, 9207 across the street.

The whole bulk treatment operations getting oxide in from Melancrot in Saint Louis and converting it to, going through the steps U02 to UCL5 and UCL4 uranium purification for alpha and the answer to 9203 for the beta chemistry was 9206 and so Stola Webster was put to work in a crash basis and 9206 was finished by that summer, 1944 and we all moved down there.

Turned the building 9202 over to the analytical people and it wasn’t anywhere near big enough for that so the analytical people ended up in 9733-4 and -3.

The analytical, by the next year that wasn’t big enough and they moved up, you know 9212, 9998, and so that’s kind of the sequence of those buildings.

Actually before the 9207, 9211 really got into action, the war was over and so they were turned over to war and biology division.

But those early days were just – we worked our tail off.

We worked very, very hard and long, long hours.

We changed things very, very quickly if we came up with a better process.

The process that we worked on in Rochester which involved precipitation processes and electrolytic cells with mercury that we started with down in 9202, somebody came along, I think it was from Brown University with an ether extraction process and we changed that work that we’d done, spent five months on up in Rochester, we got the word we’re going to change it to ether extraction and we were doing ether extraction in a couple of weeks.

I mean people came in there night and day and ripped stuff out and put in new stuff and that’s the way it was all over Y-12.

We didn’t waste time doing any kind of sitting around naval contemplating and no paper studies and so on.

If a new method came along and it really looked like it was going to get something done faster, get it done!

My boss, I’ll never forget the date at the end of the war, when he left he gathered all of his flock together, guides that he’d mentored and had done the front line supervising through the war and he gave us a Dutch Uncle talk that I’ll never forget.

He said now, “I want you to know that the way you’ve been doing things around here is not the way that they do things in industry and you got the biggest shock coming in your life when you go to work for anybody outside.

In the first place you’ve been used to bringing up a piece of scrap paper with a list of things on it that you want ordered and you give it to Sally out here and the stuff shows up at the dock.”

He said, “In industry they have something called a purchase requisition” he said, “you’ve never heard of that before.”

 And he explained purchase requisitions.

And then he gave us a lecture on budgeting.

He gave us a lecture on accounting and we’d never heard anything like that.

The stock room, down in the east end of the plant, the warehouses, you just got in your pickup truck and you went down there and the stuff was in bins.

Florence flasks, condensers, glass condensers, this and that, everything else, hot plates, stirring motors, stands for equipment, and you just put it in your cart, your buggy, whatever you had, your basket and you went back to the lab.

The Manhattan Project had a blank check which was one of the reasons they succeeded.

It had top priority.

They could get stuff when you couldn’t, everybody else couldn’t get it, triple A priority.

But of course we did accommodate after the war and we did learn the rules but it was very, very different at Y-12.

One of the things I remember was that I got a call from the boss, Brigham’s secretary and she said, “You’re supposed to go to a building, 9704-2 at 10:00 tomorrow morning and room such and such and talk to Mr. So and so.”

Can’t remember his name.

And I said, “What about?

I’ve never been there before.”

You always had to ask because you had passes in your wallet and on your badge as to where you could go and who you could talk to.

The badge, if it said, A, B, C, or D you knew what you could talk to somebody about with verifying their clearance or without going to check with their supervisor.

But I had passes, I could get in XAX and XBX the first year I was there.

I never went, too busy to go.

But I had a pass to get and that’s of course because that’s where the pockets were coming from.

But I couldn’t get into any of the alpha buildings or beta buildings and so on and so on.

Anyway I went up there the next day and he was – he welcomed me, he said we’re concerned about the attitudes of people towards the country, we want, this is an extremely important project and we want to be certain that everybody is just as interested in its success as you are.

I said, well pleasure around.

What can I do to help?

He said, “keep your eyes open.

If you hear somebody running down the government or questioning authority or asking too many questions that you know that they shouldn’t be asking, how about letting us know.

He said, “Well here’s a stack of envelopes and a stack of cards.

I appreciate you sending me one every week if you have anything to report just write no report on the card, stick it in there and send it to me.”

Address in Knoxville, Acme Credit Company, all rubber stamped and he gave me a bunch of these.

I appreciate very, very much how you feel about what’s going on.

I said, “Well it’s busy, the guys I’m working with are really working hard and I haven’t heard any problems except that one that I heard about last week.”

He said, “Well what was that?”

I said, “I’m sure you must know about it, it was that guy that was spouting off from Canada about our country and all of us were kind of surprised at how vocal he was but we were all surprised too that he wasn’t there the next day.”

He said, “Well just keep your eyes open.”

I said, “Fine.”

I did it all through the war, never talked to anybody that did it.

I didn’t know why I was picked.

But at the second meeting of the 43 club in 1957 or 8 or something Ken Dunbar was the president then, and we had some kind of a meeting down at the cafeteria in town and somebody got up and made this point, he said he just wondered if anybody else had ever been involved in the Acme Credit Company thing.

And Dunbar said, “Well okay, let’s see – let’s see, is anybody else involved in that?”

I’d say 25%, 30% of the people in the room held up their hands.

Wartime rules are very, very different and in that war everybody felt very, very much like they were a part of it.

They shared the sacrifices, they shared the shortages of food, tires, gasoline rationing, cigarettes, everything.

Price controls which common culture today wouldn’t even think of, but in a war time situation that culture was entirely different and we were all trying hard to be patriots.

That’s good.

Let’s transition.

State park, of course we had them, I guess we got them in June.

We didn’t know when the bomb, had no idea the bomb was going to get dropped, we just thought it would be fun to rent a cabin up there and live up there for week and bunch of girls got cabins up there too so we h a couple of cabins of guys, a couple of cabins of gals.

The morality culture was entirely different then than it is now.

There was a lot more group stuff, didn’t pair off into just couples that went and did things like they do these days.

So it was more house party kind of stuff.

One of the guys up there was one of the smartest chemical engineers at Y-12, 1943.

We had a couple of brilliant guys that came in with that early group.

Floyd Collar, good friend of mine ended up over at ORNL as associate director and he designed, he was one of the key designers in 9212, Floyd Collar.

But we were all up there and one of the other guys, Warren Fuchs was from Brooklyn and he danced to nobody’s drummer but his own and was funny, but he was an iconoclast.

And he kept us upset all week long.

He ate raisin pie and dill pickles for breakfast, that’s the kind of guy he was, and I’m sure half of it was just to get a laugh from everybody else

He had one of the first portable radios where we were staying that was a little square box, batteries of course and had a whip antenna.

Short wave.

He woke up one morning and ate his pie and pickles and we’re all heading for the plant and he says, “Oh my God I left my badge back at home.”

Warren, how the hell did you do that!

Floyd Collar had a coupe with a rumble seat, I had a business coupe with a trunk lid.

We talked about it of course for half an hour.

Warren’s going to get in the back of somebody’s car with the trunk or the rumble seat down and we’re going in.

You made me think about it because you wanted to know what the procedure was.

Well the procedure was that if the sun was shining and the moon was in the first quarter they’d just look in your car in the front seat, check the badges of the people that were in there and wave you in.

But if it wasn’t they’d open the trunk.

There was about a 50/50 chance and we knew that of course, but it’s you know the luck of the draw.

So then it was whether he was going with Floyd or whether he was going with me.

So Floyd and I flipped a coin and he lost.

So Fuchs climbs in his rumble seat and off we go from ours to Y-12 gate and I’m in back of him and he goes in there, we all cross our fingers and the guard looks in the front, gives him an okay, but then damned if he didn’t come around and pop open the rumble seat and here’s Fuchs lying in there in fetal position with his damned short wave radio listening to it.

He comes out of there, the guards unstrapping his holster and Fuchs rises up there, and he says, “I;m not a Nazi, I’m not a Nazi, no, no, I work here, I’m all right, all right!”

He’s screaming his head off.

And of course that brought all the guards around you know and geez!

Oh my goodness, they called into the plant and of course they wanted to make an impression on us.

But it came out from town and took them in, all of them, Floyd and all his crowd, not mine, we went to work kept wondering all day long what was happening.

But they showed up about noon and they’d gotten a base high talking to but they were both key people, you know so it was quietly put to bed.

But when you say what’s the search pattern, I’d always think of Warren coming out of there, he was scared somebody’s going to shoot him dead.

I’m not a Nazi!

It would have been a great thing to have on film.

I pulled up to the where you stopped today is where the guard gate was during the war.

Of course it was like the Elza gate guard house, just four by fours and glass, no speed bumps or anything else and I drove out from a plant from going to work one day and got there and as soon as I pulled up to the guard gate the guard came over and jumped on my running board, ’38 Chevy, nice running board and grabbed the window because I had it rolled down, grabbed the window, said, “Go, go right away get that guy!”

Keeps on his holster getting his 45 out, some car speeding up towards Y-12.

Says, “Can’t you go any faster!”

Yes sir, yes sir.

I put the metal down, you know.

He says, “Now cut him off!”

With my car?

Yes, cut him off!

So I cut him off and he screeched to a halt right about, well right near the north portal, before you turn into the north portal and got it.

Guard jumped off my running board and he’s running over there with his pistol in his hand.

He wasn’t pointing it at him, but he had his pistol down there.

Don’t you know that you’re not supposed to go off before I tell you that it’s all right.

And he starts chewing this captain out and I don’t know what the captain did but he just went on without being authorized.

I just eased off and went on into the parking lot.

I guess he got a ride back….

[laughter]

But he was, I’ll never forget that, boy I woke up in a hurry.

I was just sorta sitting there in a daze going to work, you know.

Could you imagine what safety would do to a guy that was standing on a running board?

Oh man.

Going fast with a car….

We’ll pick up with that case story.

The only way you know that this is not a convict shot is you don’t have to turn a profile.

All right let’s talk about your stories on Jack Case.

Jack was the longest tenured manager of Y-12, over 15 years.

The closest one to him was Gordon Fee at nine years.

But jack had a long tenure at Y-12 as plant manager and was very successful and no question in my mind but what a good part of his success was his universal appeal from the top brass all the way to the people who were doing the work on the machines because he was one of them and Y-12 challenge through the years has always been adapting to the cutting edge of machine tools, work, and we have always had all through our 50 year history, 60 year history we have always had the best machine tools and we’re always trying to push them to the absolute limit and this means the machinists down on the bottom that are doing the work, the guys that are really cutting the parts are continually faced with new machines, new challenges and Jack could make those transitions, make the challenges real to these people and the need for continually changing this and this and this, adapting to statisticians looking over your shoulder and so on, quality certification requirements because he was one of them.

A story that I really cherish is one that came from his very early days in Y-12, I think it was probably 1944 when he, not long after he came here as a machinist and reported for work and the shop foreman said, well your record looks like you claim that you have a lot of experience, first class machinist.

Let’s see what you can do.

He said, here’s a tough, tough job.

Here’s some tungsten plates.

Tungsten plates and we want an ionic accelerating slip, I’m sure he didn’t say ionic accelerating slip but that’s what it was for the kelutron.

After you bombard the feed material and knock electrons off you’ve got ions and you have to suck them out with the high voltage so that they go into the kelutron and this tungsten would be a material that would hold up with the heat and the bombardment but it had to have a thin slit in this plate and some of his shop foreman, some of his people had been working on these things.

Tungsten is a beast of a material.

It’s very brittle and it breaks very, very easily when you machine it and they’d been killing these parts and they had, he said, “Now I have a very limited supply of these tungsten part and I’ve got to cut this slit in them.”

Gave him the dimensions and so on.

He said, see what you can do but please take it easy with them.

Take your time, I know you haven’t done this before.

Some of our guys have been busting these right and left and we just don’t have very many left.

And Jack said to him, “Yes, I’ll sure try to do that, first I have to make a phone call.”

Shop foreman said, “A phone call?”

Yup, got to make a phone call.

So shop foreman gave Jack the traditional lecture on telephones.

This was back in the war, there weren’t any telephones in the buildings except in the shop foreman’s office, one telephone.

And people were not allowed to use them except for emergency phone calls, certainly not for personal use you know and here’s this new employee saying he’s got to make a phone call.

He figured it’s something urgent.

He said, “Well go in my office and use that but make it snappy.”

So he went in and shut the door, glass windows.

Shop foreman just forgot him except every once in a while he’d look over through the glass window and here’s jack still there and he’s sitting there writing stuff down, and pounding it and shaking his head this way and that way and he figures he’s really in trouble with his wife or something.

Some school principal or doctor or something.

Anyway eventually Jack got done and went out to machine and the shop foreman forgot all about him.

And the next day Jack comes into the foreman’s office and he hands him the five plates, each with a beautiful slit in it, the same five plates that the shop foreman had given him and they were perfect.

And the shop foreman just was absolutely amazed.

He said, “How in the world diabetes you do that!”

And he caught himself, he said, wait a minute, I don’t believe I want to know.

He took the plates that he left him.

What Jack had done was a great friend of everybody and he had called up somebody that he knew somewhere, somewhere in Knoxville that had worked with tungsten and found out how you do it and the answer is that you don’t machine it at all, you heat the plate up until it’s real hot, you stamp the slot in it and that’s a typical Jack Case story.

When he needed some help he thought about who he could go to and he went to the right person and the story is thanks to Bob Ellingson, Duke Ellingson who was one of Jack’s supervisors for years and held him in great regard, but he told me that story and I think it’s quite nice, quite typical.

Very good story, you told it well too.

The other story….

Just a second, let him work on the tape just a bit and we’ll pick up the second story.

You ready?

Y-12’s first mission the one that general Groves gave them, Tennessee Eastman Corporation, was to furnish the highly enriched uranium for the first atomic bomb and Y-12 did it beautifully, very successfully and their mission really was over at the end of the war.

The questions, there were just dozens of questions about whether or not the kelutrons were going to be able to do it.

Were 1,152 enough?

Each one has to be operated separately and individually, tremendous labor intensive process, the chemistry involved not generally recognized.

A huge amount, huge fraction of the employment was involved in all this chemical recycling that had to be done.

And because of the uncertainties of Y-12 Groves right from the beginning decided to put in a back up plant, K25 which cost just as much, a little bit more than Y-12.

Both of them half of a billion dollar plants, nearly 500 million dollars a piece and incredible war time success.

Well K25 instead of being a batch process is continuous, you just stick the stuff in at one end and it wanders around and after a long, long, long time comes out highly enriched at the other end, but it doesn’t take anywhere near the people.

Y-12 at its peak had 22,482 people in May of 1945.

K25 half that many and produced the stuff at 10% or so of the cost of Y-12.

So Y-12 started shutting down in the fall of ’45 and by the end of ’46 there were about 14,000 people here and on Christmas Eve notices went out to the rest of them and there were only 2000 of us left in the end of January of ’46.

So the question then, the picture then is that K25 is doing Y-12’s job.

By the middle of ’47, well by the end of ’46 after all the people were gone, Tennessee Eastman served notice to the Army that they’d like to be relieved.

And that process took into the summer and it was May that Tennessee Eastman left and Y-12’s 2000 people were taken over by Carbide and Carbon Chemicals who had been operating K25.

The question, what are we going to do?

A small group in beta 3 went to work trying to soup up the kelutron so that they could beat K25 and they tried hard, they made some tremendous improvements, but they were still a long way away.

Other people went to work doing other miscellaneous jobs for Warren or somebody else, but the real question was does Y-12 have a future and that’s where this Jack Case story comes.

In July…

Hang on.

Tennessee left in May of ’47.

There were a few of us still kicking around here.

I was still here, I was one of the 2000.

My dad managed to make that cut.

RAD.

Yeah.

Engineering.

Yeah.

Well a lot of people left for better jobs.

Ready?

Okay Bill.

After Tennessee Eastman left in May and Carbide took over, Y-12’s population now is down to about 2000 people.

We had 2000 people wondering what we were going to do in the next year.

At the same time now out at Los Alamos they were having the AEC Washington was having some problems with the Los Alamos management because they were very anxious to have Los Alamos produce some other copies of little boy, other copies of fat man.

The Los Alamos physicists, the key brains out there that were doing the creative work researching, they wanted very much to continue to explore this nuclear science and to do studies in applying this nuclear science, the physics, write papers, do cross section studies, make new isotopes, evaluate their properties and so on and so on.

They wanted to do research and the idea of just cranking out Chinese copies of little boy that they already knew how to do did not appeal at all to the top physicist, science structure the pure physicists that were out there.

They didn’t have a lot of room to expand production facilities, put up production plants.

The kind of people that do that kind of work and the machinists that they had to have and so on, Los Alamos does not really geographically or topographically makes the structure, not just you know.

Walter J. Williams, Jack told me was a guy that used to be in Oak Ridge but had gone to headquarters to work with the AEC.

Walter Williams said look we’re having a terrible time out at Los Alamos getting everybody into the act.

Some people out there are willing to do it, there were some SED people that had made the bomb parts, actually the hands on work and they were happy to do it.

But Walter Williams said, “Look we’ve got a huge facility there at Bear Creek Valley in Y-12.

They’ve got these fantastic machine shops that supported the kelutron operations, they know how to do machining.

They’ve got these buildings that we can covert, why don’t we ask Y-12?

Why don’t we put our production mission at Y-12?”

So that idea sparked a visit and Y-12 got told to send a team to Los Alamos to look at how you make bombs, how you make bomb parts and safety precautions you have to use and criticality.

Learn how to do that and think about setting it up at Y-12.

And it turns out that that team was Jack Case.

Representing the machining part of the business, Whimpy Hilton from Tool Design and Doctor John Strowhacker from Engineering.

A great team but isn’t it interesting that Jack was right there at that time in July and John Strowhacker told me the story just in 1997 when I was trying to get my little chronology together.

John Strowhacker said, “Yeah well that was an interesting trip.

Jack and Whimpy and I went out there and we had the name of somebody that had set up the clearances and we got out there the first day and they took us through their top secret shops.

We saw all the parts, we saw how they put them together, and we just, in that general orientation that morning we just figured, boy, hey, that’s something good for Y-12.”

About noon somebody blew the whistle on them up the line, jerked their clearances and kicked them out of the plant, all three of them.

Hauled them out and set them down outside.

You can go get rooms in Santa Fe or something and we’ll try to get this straightened out, except they didn’t want to straighten it out, they wanted them out.

Well it’s from the group of people that….

Jack said that, John Strowhacker said he and Jack and Whimpy spent three to four weeks out there.

I said, “What were you doing?”

He said, “Well we were phoning Oak Ridge trying to tell them to get somebody to work to get to Washington to call down here and straighten this mess out.”

They were also on the phones talking to their spouses back here and they did a lot of hiking.

They went to Bandolier and they went up to the Caldera and they just went all over the area soaking up the thing, they spent time in Santa Fe, they hiked and they sight seed for three or four weeks and finally somebody made all the connections from headquarters and so on and so on and they got back in and they came back to Oak Ridge and had with them then, the understanding of the processes.

Strowhacker was a brilliant chemical engineer and did a lot of the design work, for example in 9207, did all the design work for that hafnium zirconium.

