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CHAI!?NIW NARD: Gentlemen, i f  YOU w i l l  a l l  come t o  order ,  we w i l l  s t a r t  
t h e  meeting:. 
s t r a s g l e r s  who have been caught i n  t h i s  bad weather would a r r ive .  

'Ne have waited about ten  mfnutes hoping t h a t  some of t h e  

I f  you can ' t  hear very well  i n  here ,  I wish you would s igna l  t h i s  t a b l e ,  
because we have around t h e  t a b l e  wi th  u s  members of t h e  Board of Con- 
s u l t m t s .  I t h i n k  we have two t h a t  a r e  absent.  

Frau  time t o  time as  nuestions may be asked and answers given, it may 
no t  be t o o  easy to hear i n  t h e  back of t he  room. It would be a great 
favor  i f  you would s i g n a l  us .  I w i l l  ask everyone t o  speak as loudly  
and c l e a r l y  as  he can and n o t  t o  speak up a t  t h i s  end of t h e  room, but 
SO t o  speak t h a t  h i s  voice can b e  heard a t  t h e  rear .  
experience i n  t h i s  room, and I d o n ' t  know the  acous t ics  too  wel l .  

This i s  our f i r s t  

In s t a r t i n g  off t h e  meeting, I would like t o  review a l i t t l e  b i t  some 
of t h e  milestones of l a s t  year ,  and i n  some degree e s t a b l i s h  t h e  plat-  
form on which we a re  s t a n d i q  a t  t h e  moment as far as the  NEPA Pro jec t  
i s  concerned. 

A nunher of thinEs happened las t  year  t h a t  a r e  qu i t e  s iRni f icant ,  and 
I th ink  it rnicht be well  f i r s t  t o  review our o m  a c t i v i t i e s .  The bes t  
way t o  do t h a t  i s  t o  enunerate t h e  meetinrs t h a t  have been held and 
t h e  o b j e c t s  of those meetines,  which br invs  u s  r e a l l y  t o  Report No. 6,  
t h e  one t h a t  you have todap. 

In  January of l a s t  year we issued Fleport No. 5 .  Those reports, up  
mtil ?eport No. 6, have alwavs been issued i n  two forms, one form 
t h a t  has been cleared for  Rowd of Consultants membership, and t h a t  
has never been the  coqplete repor t .  

Renort No. 6, therefore ,  is a milestone because f o r  t he  f i r s t  time a l l  
of t he  mater ia l  w i l l  be found in it and a l l  of t he  consul tant  member 
co3panies now have acce9s t o  t h e  f u l l  information. 

We consider  t h i s  very important,  and we have f e l t  t h a t  i t  has been a 
hendicap f o r  the  consulting companies not t o  have access t o  t he  f u l l  
qaterial. 

In  Ayri l  we had -- I w i l l  c a l l  it -- a refresher  seminar on t h e  bas i c  
s c i ence  underlying the  needs of t h i s  project .  
c e s s f u l  meeting. 
information tha t  is of concern in t h i s  pro jec t ,  and I th ink  it polished 
up a l i t t l e  b i t  same of those  o f  us who were i n  need of another in jec-  
t i o n .  

That was a very suc- 
1% s?rved t o  br inE sone new people i n t o  t h e  l a t e r  
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In June w e  had our symposinm on mater ia ls ,  p a r t i c u l a r l y  f o r  hiph tem- 
pe ra tu re  use.  
dea l  of material t h a t  i s  of i n t e r e s t  outs ide of t h i s  p r o j e c t  and may 
have been sort of a ga ther ing  instrument f o r  putt ing i n  one p l ace  all 
o f  t h e  mater ia l  on t h i s  s u b j e c t .  

The r e p o r t  on t h a t  symposium, I think,  contained a e r e a t  

I n  August we had a meeting of  t h e  consultant companies, which was not 
a regular  Board of Consultants meeting. 
thereof  because we were n o t  able a t  t h a t  t h e  t o  present  Report No. 6. 
It was not organized i n  s u f f i c i e n t  fashion. 

It was held i n  a sense  i n  l i e u  

AlthouEh our o r i c i n a l  i n t e n t i o n  had been t o  hold a meetinE a t  t h a t  
time, for  reasons t h a t  I will touch on in a moment o r  t w o  it Feerned 
inadvisable,  and in s t ead  t h e  consultant merrlbers r e r e  brought t o  Oak 
Ridre i n  place of a meetine: here ,  and were shown t h e  Droere?? of t h e  
p ro jec t .  

I n  other m r d s ,  t h e y  were b r i e f e d  much as we had b r i e fed  t h e  members 
o f  t h e  Parker Connittee, t h e  Advisorp Comit tee  t o  t h e  Atoqic 3nercy 
Cammission, on i n d u s t r i a l  u ses  of atomic energy, and P S  we br i e fed  t h e  
croups from t h e  Lexineton P r o j e c t .  

A very in te res t ine :  a t t m p t  was made a t  t h a t  meetine: t o  find o u t ,  i f  we 
c a i l d ,  what sort of a t iTe s c a l e  we were working on fo r  t h e  coqpletion 
of t h e  p ro jec t ;  and each a s soc ia t ed  compny of the b a r d  of Coqsu1.tant 
eroup was asked t o  f o n  i t s  own opiqion of a probable s c a l e  o f  accm- 
plishment i n  point of t ime, based on information they were fvirnished 
a t  t h e  meetinc. 

The study of those estimates i s  i l l u a i n a t i n g  and i n t e r e s t i n g .  
were presented as a maximunl and a minimum, with a s o r t  of a s t a t i s t i c a l  
mean of t h e  composite op in ions  of a l l  t h e  companies. 

They 

It is interesting t o  see those  companies t h a t  have, s h a l l  we say, a 
r e l a t i v e l y  dim view; and t h o s e  companies t h a t  had a very b r i e h t  view 
of t h e  s i t u a t i o n ,  t h e  spread between them, and then what would be the  
s t a t i s t i c a l  mean. 

It was in a sense a mental exe rc i se  i n  c r y s t a l  b a l l  qazing, wi th  such 
experience as each company could contribute from i t s  o m  at tempts  t o  
b u i l d  apparatus on which much s c i e n t i f i c  information had t o  be derived 
as we went along. 

In  December w e  had t h e  symposium on radiat ion e f f e c t s  on m a t e r i a l .  
That, I f e e l ,  was a l s o  a very in t e re s t ing  contribution and represented, 
as far as we could g e t  it, a l l  of t h e  up-to-date information on t h a t  
little-known subject .  
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Those were t h e  major formal a c t i v i t i e s  of l a s t  year ;  and while  we had 
only one o f f i c i a l  Board of Consultants meetinc: of the charac te r  we a r e  
havinc today,  as you can s e e ,  t h e r e  were a Ereat many a c t i v i t i e s ,  and 
they  t a k e  a Ereat  dea l  of preparat ion.  

AlonK wi th  a l l  these meetings, t he  NEPA group had some very se r ious  
work ' to  do t h a t  was not ,  i n  a sense,  of t h e  nornal cons t ruc t ive  work of 
p l m n i n r  and develorment, which was brousht about bv the  h r i e t i n c  
a c t i v i t i e s  t h a t  were necessarv and r e p o r t s  t h a t  were needed for t h e  
Lexineton Pro jec t  and for similar a c t i v i t i e s ;  althoush the  Lexington 
P r o j e c t  was ou t s t and in r ly  the  one t h a t  needed t h e  most thourht r iven  
t o  it and t h e  most preparat ion.  

If  you w i l l  mental ly ,  now, go over t h i s  l i s t  of meetinrs, s n p o s i a ,  
and t h e  l i k e ,  pou can %e t  sone idea  of t h e  c a l l  on the  t i n e ,  a t t en t ion ,  
and e f f o r t  of t he  NEPA science croups, encineering groups, i n  order  t o  
prepare f o r  t h i s  a r r ay  of meetings. 

That brines u s  t o  today ' s  meeting as f a r  a s  t h a t  phase of t h e  work i s  
concerned; and I again would l i k e  t o  mention t h a t  t h a t  Report No. 6 is  
a complete, unabridged report on t h e  subjec t  presented in it. 

The reason I have emphasized t h a t  twice i s  because our h a r d  of Con- 
SU- i n t  members, t hese  companies, have been opera t in?  under a consider- 
ab-? handicap up u n t i l  now. 
I mentioned. A p a r t i c u l a r  one has been t h e  f a c t  t h a t  these Board of 
Consultant con t r ac t s  for each p a r t i c u l a r  cmpany have been a l o n r  while 
i n  ne@iat ion .  
t hose  will b e  signed within a week. The o ther  one, we think,  oucht t o  
be  s ianed  wi th in  t h e  next two weeks, l e t  us say. 

There are o the r  handicaps besides  t h e  one 

A l l  of them a re  now coqpleted but two, and one o f  

That one company is having some d i f f i c u l t y  on a matter of po l icy .  
i s  a large cmpany, and I think it i s  c lear ing  through the  var ious 
echelons of t h a t  large organization. 

It 

Except for that one company, or t hese  two, they  were not p e I l i t t e d  t h e  
f u l l  and unabridged repor t .  
po r tun i ty  t o  study it. We cannot g ive  t h a t  infoxmation u r l t i l  t h e  con- 
tracts a r e  signed. 

The rest have now had it and had an op- 

Therefore ,  it is a matter  of considerable importance t o  the  p ro jec t  es 
w e l l  as ,  I would hope, t o  those  companies t h a t  t h i s  f o n d  s igning 
occur as quickly as they can e f f e c t  it through t h e i r  own orran iza t ions .  

That p laces  +.he Foard of Consultant companies f o r  t h e  first time now 
i n  t h e  inner  c i r c l e .  With t h e  s i rned  cont rac ts  and the  f u l l  in foraa-  
t i o n ,  I have only one o ther  thoucht,  and I am r e a l l y  speaking t o  the 
consul tan t  companies a t  t h e  mment. 
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That i s  t h e  d e s i r a b i l i t y  of t h e i r  sending f h l l - t h e  workinc personnel 
t o  the  pro jec t  for educat ional  purnoses and i n  order t o  b e t t e r  i n t e c r a t e  
themselves i n t o  t h e  operation of t h e  Droject.  

It should be obvious t o  them and t o  everyone present  t h a t  it i s  l i k e  
all a c t i v i t i e s  of a group nature .  
i n t o  them. To read t h e  reDort i s  no doubt s t imu la t inc  and i n t e r e s t i n r ,  
and t o  c a r r y  out  some of t h e  s p e c i f i c  subcontracts  on t h e  spec ia l i zed  
phases of t h e  work t h a t  many of t hese  companies have taken on is a l s o  
in t e re s t inE .  
sub jec t  and throwing t h e i r  f u l l  weirht  i n t o  it is t o  jump r i r h t  in and 
ge t  t h e i r  f e e t  w e t  

The uay t o  do t h a t  i s  t o  have beople working on t h e  p r o j e c t  t h a t  will 
u l t ima te ly ,  a t  t h e i r  convenience, LO back t o  those coqpanies aqd cerry 
forward from t h e r e .  

You % e t  ou t  of  them what you Dut 

But t h e  only way of  r e a l l y  g e t t i n g  i n t o  t h e  h e a r t  o f  t h i s  

I would l i k e  a l s o  in t h i s  l i t t l e  b r i e f  i n t roduc t ion  t o  mention a few 
of t h e  accomplishments t h a t  are d e f i n i t e  enough t o  be worthy of mention. 
I have t r i e d  t o  put  down only what seemed t o  us l i k e  s i g n i f i c a n t  con- 
t r i b u t i o n s .  

I th ink  one o f  t h e  f i r s t  ones t o  b e  mentioned i s  our attempt t o  a t t a c k  
the problem of what happens t o  lub r i can t s  under i r r a d i a t i o n .  
su rp r i s ing  r e s u l t s  on t h a t  sub jec t ,  as  nany of  you know. 

We had 

It was very c l e a r  t h a t  many of the  usual. l u b r i c a n t s  are unsui ted  t o  
onerat ing i n  any r a d i a t i o n  area.  They e i t h e r  j e l l  or semi-sol idify 
or become viscous and have l i t t l e  value a s  a l u b r i c a n t .  

It could have been a very se r ious  problem. However, we have eone fsr 
enouqh i n t o  it, t h a t  is ,  one of our subcontractors ,  t h e  C a l i f o r n i a  
9evelopnent Cornoration, t h a t  we now a re  informed by them t h a t  lnbri- 
cants  can be pyit toee ther  t h a t  can operate under these  condit,ions and 
r e t a i n  t h e i r  l u b r i c a t i o n  proper t ies ,  
t r i bu t ion .  

Ve t h i n k  t h a t  i s  a d e f i n i t e  con- 

We also attacked i n  a f a i r l y  ear ly  s tage  t h e  quest ion o f  what will 
habpen t o  e l e c t r o n i c  elements subjected t o  r ad ia t ion .  
i s  not  conclu-sive i n  t h a t  a rea ,  it i s  r a t h e r  hear tening;  and we f e e l  
t h a t  it a l s o  i s  a contr ibut ion.  

While our work 

As far  as we know, and as f.?r as our experiments could determine, it 
is  going t o  be poss ib l e  t o  expose e l ec t ron ic  e lenents  i n  r a d i a t i o n  a reas  

I think much more work has t o  be done 
on it ,  but w e  a r e  not  i n  an area of t o t a l  ignorance on t h a t  subjec t  to- 
day. 

‘and have them funct jon properly. 
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The nex t  one is ,  i n  opinion, e most important one. Yet you c a n ' t  
c a l l  it an eccomplishment, and pet you can. 

Y e  were na ive  enouqh i n  May 19L6 and i n  subsequent meetincs t o  assume 
t h a t  we could e s t a b l i s h  a p r a c t i c a l  working combination of engine and 
r e a c t o r  by  using a conventional t u rbo - j e t  en&- te  which we thought ue 
could simply ex t r ac t  from what was t h e n  t h e  s t a t e  of indus t ry  develop- 
ment in t h e  turbo-jet  f i e l d .  

Las t  y e a r  it became extremely c l e a r  t h a t  t h e  engineering phase of t h e  
p r o j e c t  is 8s d i f f i c u l t  as, l e t  us say, t h e  nuclear  phase, for  want of 
a better word. 
engineer ing  ju s t  as the re  is  power plant engineering. It seems e a s i e r  
t o  desc r ibe  t h e  power plant  side as t h e  engineering phase because it 
is an a r t  t h a t  has extended t o  such a degree from the  s c i e n t i f i c  in- 
formation t h a t  it i s  l a r g e l y  an app l i ed  art. 

It is not a s t r i c t  d e f i n i t i o n ,  because there  is nuclear  

We nou f i n d  t h a t  t h e  engine po r t ion  of t h i s  pro jec t ,  t h e  power plant  
p o r t i o n  of t h e  p ro jec t ,  is d i c t a t e d  by t h e  nuclear considerations,  and 
v i c e  versa. 
of t h e  engine.  

The nuclear  cons idera t ions  a r e  d i c t a t e d  bv the  l i m i t a t i o n s  

That becomes r ead i ly  anoarent when you cons ider  t h e  conditions under 
e i c h  an a i r c r a f t  power Dlant .mst opera t e ,  t he  mention of ce t t i ng  the 
h e a t  out  of t h e  nuclear  nrocess and i n t o  t h e  engine cycle. 

The i n t e r - r e l a t i o n  will be c l e a r l y  demonstrated, I th ink ,  l a t e r  i n  t h i s  
meet ing,  when you see  sone of t h e  s t u d i e s  t h a t  have been made on t h e  
parameters t h a t  d i c t a t e  t h e  type of nuc lear  r eac to r s  which w e  s h a l l  
probably concentrate  on. 

So, i n  summarizinlrl, I would sap t h a t  we now recognize, and our Air Force 
monsors recocnize,  t h a t  t h e  broblem of engine developnent i s  of equal 
macnitude t o  t h e  problem of t h e  nuc lear  r e a c t o r  develoment .  

I t h i n k  it f a i r  also t o  mention one o t h e r  c h a r a c t e r i s t i c ,  and t h a t  is 
t h a t  t h e  Jet engine w i l l  undouhtedly be  r e m i r e d  t o  have, and will heve, 
a much h izhe r  compression r a t i o  than has been conceived necessary f o r  
chemical-fueled enrines 
lams v e m  large .  

The ques t ion  of supercharCina, therefore ,  

'%ether  t h a t  superchargsr w i l l  be of conventional types,  or whether it 
w i l l  be of supersonic type i s  y e t  t o  be  determined. 
a p o s s i b l e  so lu t ion .  
today  b u t  t o  a t t e g t  t o  follow through on both  of those approaches. 

Each one o f fe r s  
It seems wise, t h e r e f o r e ,  not t o  cross t h e t  br idge 

f ca l l  that a milestone of accanpl ishnent ,  because you w i l l  see the  
s h a m  chmge  i n  our thinkinc;  and that ,  sherp change was brought about 
b y  knowledge as opposed t o  assumptions and ignorance in 1946. 

-a*" 
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The next  one has t o  do w i t h  t h e  cont ro l  s y s t m s .  
agcerate;  and t h e r e  i s  a temptation t o  understate , .  t o  avoid exagEera- 
t i o n .  

It i s  easy t o  ex- 

One of t h e  f i r s t  problems we could d e a l  with,  and hence one of t h e  f i r s t  
ones w e  could do something about -- end I am r e f e r r i n g  not t o  paper 
s tud ie s  a t  t h e  mment; I m r e f e r r i n g  t o  a c t u a l l y  physical ly  doing some- 
thing about it -- was t h e  question of  a c o n t r o l  of a nuclear powered 
engine f o r  a i r c r a f t  propulsion. 

Those of you who a r e  acquainted with t h e  demands of aeronaut ical  e o u i p  
merit recoanize,  of course, t h a t  wwer l e v e l s  have got t o  be chaneed 
with reasonable  promptness and over wide ranges, under takeoff  condi- 
t i o n s  and perhaps under cer ta in  condi t ions of f l ight ;  t h a t  the question 
of c o n t r o l l i n g  a reactor  with i ts  inherent  nuc lear  propert ies  is not a 
simple one; and mathernatice1 analyses show t h a t  t he re  were some very 
involved requirements i n  these cont ro ls  t h a t  made it extremely d i f f i -  
c u l t ,  i f  not impossible, t o  use t h e  type of c o n t r o l  one would have on 
an experimental  p i l e ,  and which a l so  meant t h a t  one should not burden 
t h e  p i l o t  or t he  nuclear e n c h e e r ,  whatever he may be, with too much 
d r a i n  on h i s  mental capacity t o  a n t i c i p a t e  t h e  p e c u l i a r i t i e s  of nuclear  
reac t ions  under changing power l eve l s .  

Therefore,  a simulator was made usine: e l e c t r o n i c  elements which was 
sumosed t o  have those cha rac t e r i s t i c s  t h a t  a p i l e  would have. 
waa c a r e f u l l y  studied, both for  i t s  poisoning e f f ec t s  and f o r  the  
various delayed neutron families.  

That 

It was found t h a t  one could have a p r a c t i c a l  control  t h a t  w2s no more 
d i f f i c u l t  t o  operate than t h e  t h r o t t l e  on a conventional engine and 
required no knowledge of what was a c t u a l l y  happening i n  t h i s  complex 
process. 

Those simulators were b u i l t  e l e c t r o n i c a l l y  because it didn ' t  teke ex- 
t e n s i v e  l abora to r i e s ,  which w e  a t  t h a t  t h e  d i d  not pos9e8s. 
fore, t h a t  phase of our work w e n t  wel l  along, so t h a t  we f e e l  today 
t h a t  t h e  control  problan i s  not going t o  be one of our most severe 
headaches. 

There- 

It can be solved, and w e  th ink  we have s tudied t h e  cha rac t e r i s t i c s  
enough t o  f e e l  m i t e  confident t h a t  statement. So we c a l l  t h a t  an 
accomplishment 

Now we have another problem, and it i s  c l e a r  t h a t  t h e  thermal lagr of 
t h e  whole system from f i s s i o n  t o  power f o r  propulsion are considerable. 
They are considerable i n  conventional Je t  engines and were one of t he  
ear iy  worries i n  conventional j e t  engines. 
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But when you take  t h e  whole system from nuclear  energy t o  propulsion, 
it i s  c l e a r  t ha t  the  thermal lags are an appreci?ble fac tor .  

So, along with them, thermal stresses a r e  an important consideration. 
They have been under t h e o r e t i c a l  s tudy ,  and w e  have now had c e r t a i n  
s imula to r s  made, thermal simulators, if you l i k e ,  t h a t  hmre ind ica ted  
to US t h e  thermal s t r e s s  problem does not  seem now t o  be as  formidable 
as it acpeared t o  us  on t h e o r e t i c a l  s tudy.  

We axe in  t h e  brocess now of c o i s t r u c t i n n  addi t iona l  t b e m a l  simulators 
t h a t  w e  hope w i l l  do for us what t h e  e l e c t r o n i c  control  s h l a t o r s  have 
& - e a d v  accomplished. 
year, although, as you can d e t e c t ,  i t  is not  a completed one. 

I have l i s t e d  t h a t  as an accomplishent of h 3 t  

Y o u  w i l l  see today t h e  engineering approach t o  t h i s  problem explained 
t o  you n i t h  graphs and charts .  
t r i b u t i o n  i n  t h i s  f i e l d  of power app l i ca t ions  of nuclear enerffy. 
hope you w i l l  be s t ruck with t h e  l o g i c  of t h i s  approach and i t s  s i m -  
p l i c i t y  a s  fo rce fu l ly  have we. 

I th ink  w e  have made a very mayor con- 
I 

we d id  not  think the re  was anything very unuaual about it when re 
s t a r t e d  because it is a t y p i c a l  engineering approach, t o  t r y  t o  v i s u a l -  
i z e  t h e  e f f e c t  of one parameter on a l l  of t h e  in t e r - r e l a t ed  parameters. 
The degree of uranium enrichment, for instance, d i c t a t e s  the  Eize of 
t h e  a i rp l ane .  

SO one might say t h a t  it i s  no t  f e a s i b l e  in  t h i s  project  t o  s tudy 
uranium enrichment i n  a r eac to r  unless you know exact ly  what ril l  hap- 
pen t o  t h e  s i z e  of t he  a i rp lane  and hence i t s  t a c t i c a l  s t r a t e g i c  de- 
s i r a b i l i t y .  

I throw t h a t  one out because it is so s t r i k i n g .  
have economy of uranium use, and on t h e  o t h e r  hand you have the  end 
u s e  of t h e  e n t i r e  pro jec t ,  t h e  a b i l i t y  t o  d e l i v e r  a bomb with t h e  
g r e a t e s t  cer ta in ty ,  and i n  t h a t  case a wide d i f fe rence  i n  t h e  charec te r  
of t h r  me& vehicle  with i t s  handling problems and i t s  man-hours 
problems ana many other problems t h a t  t h e  n i l i t a r y  would be very quick 
t o  recognize. 

On t he  one hand YOU 

The c h a r t 8  will explain t o  you how we can v i s u a l l y  represent what hap- 
pens t o  a reac tor  design when you vary any one of these  parameters 
such as uranium enrichment. You w i l l  see t h e  e f f e c t  on s i z e  and hence 
on s h i e l d i n g  weights and hence on airplane construct ion i n  a very sim- 
ple fash ion .  

Ye hone t h a t  t h i s  technicme n i l l  became widely used i n  t h e  dePian of 
reactors i n  other  f i e l d s ,  heceuse it is as appl icable  t o  any f i e l d  as 
it, has been tc t h i s  rather complex one i n  which we Ere workinc. SO I 
have listed that, e8 A major accomplishment. 
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The las t  one I would like t o  name i s  not a l e s t  pear ' s  accomplishment 
and it i s n ' t  an accomplishment i n  one sense,  except probably a r e a l i -  
z a t i o n  of t h e  kind of a p r o j e c t  r e  a re  engaged i n  and an e f f o r t  t o  do 
something about it. 

That has t o  do w i t h ,  s h a l l  we c a l l  i t ,  hea l th  phvsics o r  radiolorry or 
bio-physics. And, as 
you know, our contract  r e q u i r e s  t h a t  we a l s o  delve i n t o  t h e  problem of 
se rv ic ing  these  a i r c r a f t .  In o t h e r  words, t he  broad problem t h a t  t h e  
n i l i t a r y  w i l l  be faced with when they  at tempt ,  i f  they attempt,  as they 
at tempt ,  t o  use a i rp l anes  i n  uhich there  a r e  nuclear reactors .  

It i s  a l l  of t h o s e  f i e l d s ,  as a matter of  f a c t ,  

The hea l th  physics problems a r e  complex. 
m i l i t a r y  use,  s ince  the  purpose of t h e  pro jec t  i s  t h e  security of t h e  
na t ion ,  t h a t  it w i l l  force by sheer  weipht of need a niich c leaner  r e a l i -  
za t ion  of t h e  need for e r e a t e r  knowledge i n  t h e  b i o l o d c a l ,  bio-pkysical 
fields i n  t h e  e f f e c t  of r a d i a t i o n  on humans. 

We bel ieve t h r t  s ince  it i s  a 

Therefore,  what t h i s  pro jec t  will generRte w i l l  undoubtedly be of t h e  
widest  i n t e r e s t  t o  all phases of t h e  atomic energy work. 
reason we w i l l  force it is  because our need i s  mong the  e rea t e s t .  

Probably t h e  

The NEFS Project  will have a similar problem, but they w i l l  have some 
advanteees w e  do not posseps. 
w e  have, h u t  t hey  w i l l  have a l i t t l e  more l a t i t u d e  i n  meeting them. 

They have many of t he  d i f f i c u l t i e s  t h a t  

In an e f f o r t  t o  do something about t h i s  problem, we organized an advi- 
sory group, which we think conta ins  -- a t  l e a s t  we ere told it con- 
t a ins  -- t h e  most forward t h i n k e r s  i n  t hese  broad f i e lds .  

I would l i k e  t o  nane these  Rentlemen t o  you f o r  those of you who may 
not  be f ami l i a r  with t h i s ,  t o  ne, extraordinary panel. 

Dr, Dowdy of t h e  Universi ty  of Ca l i fo rn ia ,  Los ihceles,  is t h e  chainran,  
and was, i n  a aense, shanghaied i n t o  t h a t  job by Dr. Stafford :Wrren, 
who i s  one of t h e  members of t h i s  panel  and is h is  riiperior i n  t h e  
Universi tv .  It i s  a v e m  f i n e  choice  because of t h e  work t ha t  he  had 
done a t  Rochester and beceuse of h i s  v-lEor and knowledge of t h i s  f i e l d  
i n  uhich he i s  g r e a t l y  respected.  

Alon~ with him the re  i s  ?Fiede l l ,  who cunes fron t h e  Cleveland Univer- 
s i t y  FrosDital; Z i r k l e ,  who is t h e  head of the  Riolopical and Bio- 
Dbysical I n s t i t u t e  of t h e  Un ive r s i ty  of  Chicaqo; Cen t r i l ,  who comes 
from t he  Tumor FosDital  i n  S e a t t l e ;  Stone, of the University o f  Cali- 
fo rn ia  a t  S e r k e l q ;  S ta f ford  Yarren, whom I have already mentioned; 
T i t u s  Evans of t h e  Universi ty  of Iowa; qoblee Evans of M.I.T.; F a i l l s  
of Columbia: Newell of Stanford Universi ty:  Hamilton of Cal i forn ia ;  
and t he  l a t e s t  adclition i s  Donaldson of Sea t t le .  
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As f a r  as we have been ab le  t o  observe i n m e t i n g  with these gentlemen, 
t h i s  panel has represented on' it -e crass-s lc t ion of p r a c t i c a l l y  a l l  of 
t h e  information o r  knowledge of where t o  g e t  all of t h e  information i n  
t h i s  very compl!.cated f i e l d .  They have already accomplished for us a 
trmendous amount of u s e f u l  work. 

I n  t h e  very f i r s t  meetinc, t h a t  panel examined t h e  tolerances which have 
t o  3e of n e c e s s i t g , s e t  up f o r  t h e  ope ra t i an  of t h e  MED Project,  and it  
was Dointed oiit t h e  n i l i t a r y  purpose of t h i s  project.  

Questions were asked, such as, what could be a one shot tolerance f o r  a 
hw,an being i f  t he  necess i ty  occurred for t h e  accomplishTent o f  a m i l i -  
t a r y  mission? What i s  t h e  e f f e c t  o f  accumulated dosege versus recovery 
by rest periods between dosages? 

Manv nuestions of t h a t  type were asked, and from it we were furnished 
i n t o n a t i o n  which s i m p l i f i e s  t h e  design of our e n t i r e  p ro jec t .  
t h a t  one of t he  accomplishments of l a s t  year. 

We c a l l  

I th ink  then, i f  I have been a t  a l l  c lear ,  I brought you through t h e  
s t eps  of l a s t  year i n  which we shared what knowledge we had with our 
corlsultants and a f f i l i a t e d  groups, and those  things which w e  f e e l  heve 
advanced far enough along t o  not  be c a l l e d  paper stages. 

Now I would l i k e  t o  ta lk  of developments which have a vast effect  upon 
us as a pro jec t ,  but which a re  not o f  our doing d i r e c t l y  a t  a l l ,  

There were two t h a t  I th ink  should go i n  the  forefront of t h a t .  
was t h e  formation of t h e  LexinRton Group and the  consequent issuance of 
t h e  Whitman Repwt. 
dl1 cme out aore  l a t e r ,  I think t h e  only mention I should make of it 
i s  t h a t  it c l e a r l y  states t h a t  a f t e r  an exaqination by, as you know, a 
verg f i n e  group of technicians and sc ien t i s t s ,  t h e  project i s  feas ib le .  

One 

Without attempting t o  discuss t h a t  repor t ,  which 

That seemed t o  be highly con t rove r s i a l  u n t i l  t h i s  group - naybe it 
s t i l l  i s ,  i n  certain areas -- made i t s  examination; and we f e e l  t h a t  
t h e i r  f i n d b e s ,  t he re fo re ,  have a t e r r i f i c  e f fec t  upon the  project.  

The o t h e r  report which I think should be mentioned is  the  Parker Re- 
do&. As I have already sa id ,  t h e  Parker Committee was an advisory 
committee nicked by t h e  Atomic Fnereg Commiesfon t o  advisc with them on 
t h a t  sub jec t  of how t o  br ing industry and how t o  br ing i n d u s t r i a l  uses  of 
atomic eneray i n t o  beina insofar  as t ak ing  an ac t ive  nart i n  atomic 
enerov work. 

There are many f indines  h t h e i r  r e p o r t  which we think p a r a l l e l  our 
philosoDhiea and the re fo re  s t rengthen our  points  of  view. 

Ve feel ,  therefore ,  t h a t  those two happenings of l a s t  year have, through 
no f a u l t  of ours, a very important bear ing on the  pro jec t ,  
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I would l i k e  a l s o  t o  b r h  i n  t h e  thought of the  comnunity of  thinking 
and p a r a l l e l  necessi ty  of many s t e p s  t h a t  each of us  have t o  take be- 
tween t h e  NFSS Project  and t h e  N'EPA Projec t .  I f  you look (rt it philo- 
sophica l ly  and ana ly t i ca l ly ,  you f ind  t h a t  t h e r e  is a g r e e t  d e a l  in 
common. 

Each one is a m i l i t a r y  p r o j e c t  d i c t a t e d  by t h e  d e s i r a b i l i t y  of a su- 
p e r i o r  so lu t ion  t o  a m i l i t a r y  problem; in other  words, t h e  s e c u r i t y  of 
t h e  na t ion  i n  a very d i r e c t  fashion.  
der iv ing  i t s  energy from nuc lea r  f i s s i o n .  In  each one men must be in- 
t i m a t e l y  associsted i n  a confined space with t h e  power p lan t .  Each one 
opera tes  under a f l o t a t i o n  p r i n c i p l e ,  which means c e n t e r  of gravi ty;  
metacenter for a sh ip  and aerodynamic c e n t e r  for an a i rp lane .  It has 
t o  bear a r e l a t ion  t o  these very heavy concentrated I o b d s ,  such as t he  
sh ie ld ing  and t h e  nuclear r e a c t o r  canpr i se ,  and t h e r e f o r e  d i c t a t e s  t o  
a certain degree t h e  design of t h e  vehic le ,  o r  a t  least  has a velsy 
s e v e r e  impact on t h e  design of the  vehicle.  

Each one is a por tab le  power plant  

Each of t h e  projects  requires a good knowledge of t h e  danger l imi ta t ions  
t o  human beings operating h c l o s e  confinement with t h e s e  f i s s i o n  p r e  
cesses under those conditions where a r a v i t y  i s  not  supporting any riven 
amount of shielding t h a t  one a i e h t  wish t o  throw around as a sa feward .  
I n  other words, there  is a penalty for sh ie ld ing  in each of these two 
casea. 

It i s  a matter of degree i n  c e r t a i n  cases between the?, but  there  is a 
strange s imi l a r i t y  i n  these two p r o j e c t s .  It is  a f e e l i n e  on t h e  pa r t  
of NEPA, which I think i s  shared i n  by many i n  NEPS, t h a t  each of these 
p r o j e c t s  should Vield important information for the  o the r ,  and tha t  
t h e r e  should be a very p a r a l l e l  t i g h t  and close-working re la t ionship  
and interchanae of information and f u l l  knowledge on t h e  par t  of each 
frm what is derived on t h e  s t r e n g t h  of t h e  o the r ' s  a c t i v i t i e s .  

I th ink  I have arrived at t h e  end of my opening comments, and I think 
w e  should now go d i r e c t l y  t o  t h e  quest ion of t h e  agenda, which I think 
you have a l l  been furnished. 

Before we take up the  formal pa r t  of t h e  meeting, and t h e  real par t  of 
t h e  meeting, I would like t o  welcome so many people who have come t o  
this meetinn from various military, A.E.C., and science areas; and I 
would like t o  repeat again f o r  those who map have c m e  i n  l a t e ,  it 
t h e r e  i s  any d i f f i c u l t y  i n  hearing in t h e  rear, I wish vou would s igna l  
t h e  cha i r  and General S h s  or I will endeavor t o  see  t h a t  t h e  speakers 
address themaelves t o  you. 

I th ink  it i s  now your t u n ,  General. 

MR. SIAE: 
during t h e  year was the  Lexington Pro jec t  evaluation. 

Undoubtedly one of the  most s ign i f i can t  events mede by NEPA 
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YOU w i l l  r e c a l l  in our formal Board of Consultants meetinc held i n  t h i s  
verg room a year  aco,  Major General C r d e i e  br ie fed  us on the  contents  
of important correspondence between t h e  Air Forces, t h e  K i l i t a r y  Liaison 
C m i t t e e ,  Research and Developnent Board, and t h e  Atomic Energy Com- 
mission . 
He read us General Spaatzl l e t t e r  of 70 December 1917, t h e  l e t t e r  which 
set f o r t h  t h e  urgent  military need of a very s t rong  na t iona l  e f f o r t  de- 
voted towards t h e  s o l u t i o n  of nuclear-powered a i r c r a f t .  

In  t h e  closing paragraphs of t h i s  l e t t e r ,  the  Ur Force invi ted t h e  Com- 
mission t o  examine t h e  NEPA program i n  d e t a i l  and t o  develop a plan for 
t h e  e f f e c t i v e  employment of na t iona l  e f f o r t  and f a c i l i t i e s  t o  develop a 
Drac t ica l  a i r c r a f t  enRine u t i l i z i n g  nuclear  fuel .  

The Conmission gave considerable thourht t o  t h i s  evaluation. There were 
30 many t echn ica l  f a c e t s  t o  t h c  over-all 2roble-n t h a t  it was d i f f i c u l t  t o  
assemble i n  any one group, outs ide  of IYEPA itself and its own team of 
t echn ica l  consu l t an t s ,  the experts  who among them possessed the  knowl- 
edge not only in the  p h v i c a l  sciences,  but  t h e  p r a c t i c a l  eneineering 
aspec ts  as w e l l  of desien of a i r c r a f t ,  engine design,  thenodynenics ,  
metal lurcy,  m a t e r i a l s ,  cont ro ls ,  r e a c t i v i t y ,  and so for th .  

I th ink  t h e  Commission made a f ine  choice in t h e  se l ec t ion  of Y.I.T. 
t o  perform t h i s  survey. Under t h e  leadership of Dr. Valter G. lhitman, 
head of t h e i r  Denartment of Chemical & b e e r i n g ,  Y.I.T., it assembled 
a group of 15 ~ro ' e s8 iona l  members. Twenty-two of t hese  eentlenen were 
from Y.I.T. f t$e l f .  The remainder was drawn from various un ive r s i t i e3 ,  
i n s t i t u t e s ,  and conmercial orzaqizatlons outs ide  t h e  boundaries of 
E.I.T. 

They s t a r t e d  work e a r l y  i n  June, and they visited u s  on June 3, 4, and 
5 .  I th ink  ut had t o  release two of our consul tants  fo r  t h i s  work. 

Their report was s u b d t t t d  t o  t he  A.E.C. on ?O September 1?Mj on t h e  
date it was promised. 
people who heve read t h e  Lexington Report. 
ever ,  h m e  j u s t  received the i r  copy of it within t h e  past two reeks.  

Looking around t h e  room, I see the  faces of many 
Our member canpanier, how- 

I would l i k e  t o  review, p a r t i c u l a r l y  for t h e i r  b e n e f i t ,  the  cauaents 
t h a t  w e  had about t h e  r epor t .  
because even a t  t h i s  w r i t i n g  r e  haven't received all of the  various 
attachments t o  t h e  report. 

Fle consider t h m  prelidnary comments, 

For example, t h e r e  are same 77 X2 repor t s  t h a t  are attached t o  t h e  main 
Lexington Report. 
b r a r p  now, 
md examine, some of t h e  cycle  c d c u l a t i o n s  and assumptions we ran ted  
t o  look at. 

I think we have received sane 60 of than In our 11- 
We also have t h e  appendices t o  look a t  There are 17 more. 
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So I do consider these comments ra ther  preliminary,  preliminary i n  t h e  
sense t h a t  we haven't studied t h e  t o t a l  report  i n .  i t s  e n t i r e t y .  

We f e e l  t h a t  t h e  Lexington Report i s  a very comprehensive survey of t h e  
f ac to r s  involved in  nuclear-powered f l i g h t  and contains d e f i n i t e  con- 
c lus ions  as t o  f e a s i b i l i t y .  

We are  pleased t o  note t h a t  t h e  group reached severa l  i n t e r e s t i n g  can- 
c l u s i o n s  which I now quote: 

(a) ltAlthaugh success cannot be guaranteed, t he re  i s  a 
s t rong  probabi l i ty  t h a t  some version of nuclear-powered 
f l i g h t  can be achieved i f  adequate resources  and compe- 
t e n t  manpower a r e  put t o  the  development." 

(b) l1Nuc1ear-pouered a i r c r a f t  with p r a c t i c a l l y  unlimited 
range capab i l i t i e s  at desired speeds could probably meet 
t h e  long-range reconnaissance and bombing requirements of 
t h e  U. S. Air Force b e t t e r  than could chemically-powered 
a i r c r a f t  i f  t he  missions are t o  be accoaplfshed w i t h  a 
crew. 

( c )  I1Integration of work on reac tors ,  power plants ,  
m a t e r i a l s ,  and other  components i s  e s s e n t i a l  f o r  e f f i c i e n t  
progress towards t h i s  goal.  

( d )  " A  Vioorovls and r e a l i s t i c  a i r c r a f t  r e a c t o r  d e v e l o p  
ment program durinp t h e  next few years  should c o n t r i h t e  
t o ,  and benefi t  from, other aspects  of t h e  r e a c t o r  de- 
ve lomen t  prozram of the  Atomic Energy Commission." 

These conclvisions confirm the  confidence t h a t  N%FA h?5 had and now has 
i n  t h e  succeesful  so lu t ion  of the  rro 'ect;  end confirms N3PAts r ep l i -  
za t ion  of t h e  necess i ty  for  coordination and cooneratjon bp t he  3ev- 
eral Government departnents and agencies involved. 

The r e b o r t  should  be of considerable velue t o  t h e  Government now for 
it conta ins  a de ta i led  study by an independent group of t he  most cm-  
p l i c a t e d  and exacting problems in a highly t e c h n i c a l  f i e l d  where many 
f a c t u a l  d a t a  a re  not now known. 

The report i s  t i9ely i n  t h e t  the  nroereas made by pour contractor  has 
repched t h e  point where the  success of t h e  NEPA Projec t  has becoae 
i n c r e e s i n g l y  dependent upon a ?ore extensive use  of t h e  f a c i l i t i e s  of 
t h e  Atomic Energy Commission. -- Its  a z s i s t a n c e  in t h e  accumulation 
of t e c h n i c a l  information i n  areas not fully explored, -- i t s  assis tance 
irl t h e  strencthenina of the top sc l ? r l t i f i c  l e a d e r s h i p  of NEPA without 
d i s t u r b i n -  t he  excellent cnwineerlne . met a l l u r z i c a l ,  e lec t roqics  m d  
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t echn ica l  s e r v i c e  s t a  3 t h a t  have been b u i l t  up,  -- and t..e construc- 
t i o n  by A.E.C. of new f a c i l i t i e s  such a s  high-flux reac tors  and t h e i r  
opera t ion  t o  meet some of t h e  research phases of t h e  project ,  par t icu-  
l a r l y  i n  t h e  f i e l d  of sh i e ld ing  and ma te r i a l s .  

But, as has been so wel l  s t a t e d  r e c e n t l y  by Dr. Bacher, h n i s s i o n e r  to 
t h e  A.E.C., t h e  developnent of  a nuclear-powered a i r c r a f t  i s  pr imar i ly  
a t e c h n i c a l  and ene ineer ing  problem, not a s c i e n t i f i c  one. 

The repor t  served t o  c r y s t a l l i z e  t h e  immediate problems of t he  p ro jec t ,  
Droblems which should be  probed f u l l y  i n  round-table discussion wi th  
top palicv-makine o f f i c i a l s  of t h e  A i r  Forces, t h e  Navy, t h e  Atomic 
Ehergy Commission, and your cont rac tor .  

The r e p o r t  analyzes  t h e  major engineering developnent problems and major 
research problems of t h e  p ro jec t  and p resen t s  c e r t a i n  conclusions. 
While it is nenera l lv  r e a l i z e d  t h a t  app l i ca t ion  of nuclear energy t o  t h e  
propulsion of a i r c r a f t  will be d i f f i c u l t  t o  achieve,  bv the  same token 
t h e  rewards t o  n a t i o n a l  s e c u r i t y  of t h e  successfu l  developnent w i l l  be 
very g rea t .  

NEPA acrees i n  genera l  with t h e  f ind ings  and conclusions o f  the  r epor t ,  
al thounh t h e r e  are v a r i a t i o n s  In views between t h e  Lexhgton Group and 
your con t r ac to r  regarding emphasis and programming. 

While it &‘no t  intended t o  d iscuss  i n  d e t a i l  a l l  of these va r i a t ions ,  
our Dresent comment with r e spec t  t o  s eve ra l  of t h e  more importent ones 
might be i n  order .  

’Nith respec t  t o  t h e  c a n a b i l i t i e s  of chemically fueled a i r c r a f t ,  t h e  
R M D  curve of ranRe versus speed, F i m r e  11-1, i s  i n  fac t  an envelope 
curve based on t h e o r e t i c a l  aerodynamic bodies ,  and is useful only t o  
show t r ends .  A p l o t  of  wha t  i s  poss ib le  In p r a c t i c a l  airplane design 
would f a l l  cons iderably  below t h e  9AND curve shown, and rould be more 
nea r ly  c o n s i s t e n t  with t h e  N.A.C.A. figures: contained i n  Table 11-1, 
as amended by somewhat h iaher  es t imates  for t h e  turbo-props (witness 
t h e  k i n g  estimates on t h e  B-52 as 9000 miles range a t  speeds up t o  
5 0 0  mph). I n  LP-63, one of t h e  re ference  documents t o  the main Lex- 
i n r t o n  Report ,  North American is  quoted as s t a t i n g  t h e i r  be l i e f  t h a t  
rnsldmum ranees as d i c t a t e d  by cu r ren t  engineering l imi t a t i ans  arc of 
t h e  o rde r  of 5/8 o? RAND‘S t h e o r e t i c a l  es t imates .  
t h a t  no matter  how op t imis t i c  t h e  es t imates  a8 t o  expected fu ture  per- 
formances of long-range a i r c r a f t  powered by  che.lica1 fuels may be, 
t h e s e  performances f a l l  considerably s h o r t  of t h e  desired a t ta innents  
as t o  ranse  and speed l i s t e d  as r e q u i r e w n t s  by the  U. S. Air Force 
and t h e  Bureau of Aeronautics on page 11-3 of t h e  Report. It is k 
t h e  combination of high speed with very long range where atonic pro- 
puls ion p r a i s e s  t o  achieve r e s u l t s  which appear unobtainable by any 
o the r  means. 

It w i l l  be noted 
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It w i l l  b e  noted a l s o  t h a t  no matter  how o p t i m i s t i c  t h e  eatimates of 
what is t o  he exFected i n  t he  way o f  performences of long-range a i r c r a f t  
povrereC by chemical f u e l s  may be, t hese  performances do f a l l  consider- 
ab ly  sho r t  of t h e  desired a t t a innen t s  in range and speed l i s t e d  as  re- 
quirements by the  U. S, A i r  Force end t h e  Bureau o f  Aeronautics on 
another  page of t h a t  repor t .  

It is  i n  t h e  combination o f  high speed wi th  ve ry  long ranges where 
atomic propulsion promises t o  achieve r e s u l t s  which appear una t t a inab le  
by o t h e r  means. 

Conclusion 2, Chapter 1, Page 1 of t h e  r e p o r t ,  s t a t e s  t h a t :  

" A  nuclear-powered a i r c r a f t  of extreme range,  t ha t  i s ,  
around-the-world and with a speed approaching the  ve loc i ty  
of sound, probably 600 miles an hour, seems achievable i n  
t h e  l i p h t  of present  information; although it i s  qu i t e  
conceivable  t h a t  these c h a r a c t e r i s t i c s  c u l  be inproved by 
developnents under way or not  ye t  foreseen ."  

; NEPA aerees with t h i s  conclusion. 
t h a t  supersonic  f l i g h t  i s  impract ical  for a long time t o  come. 

Elsewb.ere i n  t h e  report  it I s  s t e t ed  

The enormously Ereeter  t a c t i c a l  advmtPges of supersonic speed requi re  
t h e  conclusion on t h i s  point t o  be  recerlred u n t i l  fu r the r  t echn ica l  
d a t a  become avai lable .  

Ye f e e l  t h e t  it would be unwiEe a t  t h i s  s tage  of t h e  project  t o  l i r n i t  J 

t h e  th inkin?  t o  the  boundpries o f  exiEting aerodTmpmic knowledge, and 
no d e c i s i o n  should be m d e  t o  prevent t h e  enc ine  t h a t  NZPA i s  t o  s t u d y  
and develop "rorn ever heine u t i l i z e d  i n  supersonic  c i r c r a f t .  

The requirements people on t k e  z i r  s t a f f  r e p e s e n t i n g  the  opera t iona l  
point of view d e f i n i t e l y  l ist  supersonic s t r a t e g i c  bombers and recon- 
na i s sance  a i r c r a f t  as highly desired atteirur'ents, and we bel ieve t h e t  
a determined e f f o r t  should the re fo re  be made t o  give the  opera t iona l  
people what t9ey  w a n t .  

The report emphasizes t h e  p o s s i b i l i t i e s  of t h e  tug-tow arranpenent. 
The i d e a  is rood. 
f o r  soqe t i m e .  

XEPA has had t h i s  arranceTent under inves t ige t ion  

The towed a i r c r r f t  svstem is e s s e n t i a l l y  an expedient for reducing t h e  
we i rh t  of a sh ie ld  recuired by an inhabi ted  nuClem-powered a i rc rs f t  , 
and as such, towing is i n  A way an eva8ion of t h e  shielding problem. 

An ana lys i s  of t h e  adventages and disadvantages of t h e  tug-tow has been 
c a r r i e d  on a t  length i n  t h e  NEPA Pro jec t  and w i l l  be continued. From a 
long-ranqe viewpoint, NEPA f e e l s  t h a t  it would b e  unwise t o  put t oo  

. . .  
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much r e l i a n c e  on it now, s ince  sone good so lu t ions  t o  many of t h e  
problems may be missed simply by lack of e f f o r t  devoted t o  them. 
,aore d e s i r a b l e  s i n g l e  a i rp lene  may not ma te r i a l i ze  as a resu l t .  

A 

NXPA feels  t h a t  t h e  tur-tan arrangement should be kept  as a l a s t  r e s o r t .  
It should only be r e l i e d  on i n  t h e  event it is found i a p o s s i t l e  t o  con- 
s t r u c t  an edequately shielded airplane powered by nuclear  energy. 

It is  f e l t  t h a t  t h e  advantages of the tug-tow system cannot be deter-  
mined u n t i l  a l i m i t i n g  sh ie ld  weinht of t h e  more des i r ab le  single air- 
plene has been Eore d e f i n i t e l y  established. 

Meanwhile i t  i s  contemplated thRt s u f f i c i e n t  ana lys i s  work K i l l  be 
ca r r i ed  on with respect  t o  t h e  tug-tow system t o  form a reasonrble 
b a s i s  of coTperison with t h e  shielded inhabited r i r c r a f t .  Further 
s tud ie s  mc7y i n d i c a t e  t h e  d e s i r a b i l i t v  of a f l i a h t  t e s t  propran. .s ing 
e x i s t i n e  d e s i m s  of a i r c r a f t  t o  obtain an appra i sa l  of the  control  and 
other  mohlems. 

Ne understand, from ta lkine:  t o  the  Lexington people, t h a t  Lexington 
tkought if' you could adopt t h e  tug-taw s?,rtem QOW, you could Ret it i n  
t h e  a i r  sooner than say t h e  inhabited a i r c r a f t .  I would agree with 
tha t .  
t o  pet a t e s t  s t and  sample englne running on t h e  ground f i r s t  r a t h e r  
than t o  try t o  f l y  it. 

However, w e  heve been oriented by t he  Debt of vier t h a t  we want 

I think running one of  tkese things in t h e  a i r  is of l e s s e r  importence 

YOU don ' t  have a p r a c t i c a l  a i r c r a f t  engine u n t i l  i t  has been operated 
success fu l ly  for seve ra l  thousand hours on a ground test stand, 
,hst have a drawing and a bag of bo l t s .  

than r?lnning it on the  ground f i r s t  fo r  severel  thousands of h w r s .  -r 

YOU 

SF.ieldine. 
which were s e l e c t e d  a3 sh ie ld inp  constants aqd shielding weierhts, and 
h m c e  prosS weirkts of t h e  a i rp l ane  are moper 2nd l o r i c a 1  for the  pur- 
poses of t h i s  r epor t .  

NEPA a g e e s  with t h e  Lexinpton Project  t h a t  the vblues 

On t h e  o t h e r  hand, i t  is Pppropriate t o  point  out t h a t  these values 
are conservat ive,  and with t echn ica l  developnent and reasonatle success, 
they should be be t t e red .  

The weight of safe  shielding has not been determined with the proper 
decree of accuracy. The sh ie ld  desiEn, together with reactor s ize ,  arc 
the f a c t o r s  which de te rn ine  t h e  d z e  of t he  airplanes and t h e  necessi ty  
of remote con t ro l ,  and hence the  type and true m i l i t a r y  value of t h e  
end product. 

Modification of t h e  present sh i e ld ing  research program should accelerate  
procress, and t h z t  i s  c e r t a i n l y  desirable .  I n  essence it consists of 
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two phtwes, t h e  first of which involves  bulk s h i e l d i n p  t e s t s  on c m p o s i t e  
s h i e l d  arraneements present ly  beine conducted on t h e  p i l e  f a c i l i t i e s  of 
t h e  Oak Ridere National Laboratory. 
c a l c u l a t i o n s ,  and these  r equ i r e  c e r t a i n  bas i c  nuc lear  measurement: not 
now ava i l ab le .  

The o the r  phase involves t h e o r e t i c a l  
- 

b e s e n t  ind ica t ions  a r e  t h a t  t h e  bulk t e s t s  o f  sh ie ld ing  assemblies w i l l  
require a m c h  nore elaborate  experimental  s e t u p  than is avai lab le  in  
t h e  Oak Ridge National Laboratory. It may be necessary t o  have a source 
of nuc lear  r ad ia t ion  of approximc"te equivalent  dimewions and spectrums 
as t h e  proposed a i r c r a f t  r eac to r .  Reor i en ta t ion  of t h e  shielding pro- 
pram sho-ild involve considerable emphasis on t h e  d i  r f e r e n t i a l  meemre- 
ments previously descrfbed and an improved f a c i l i t y  of carrying ou t  bulk 
t e s t i n n  of sh ie ld  confiEuratS ons. 

The Lewlnnton SeDort d e a l t  a t  e rea t  length wi th  the se lec t ion  and types 
of cv le s ,  open o r  closed, and types of power u n i t s ,  and seemed t o  fevor 
t h e  b i n a m  f lu id ,  bismuth, closed cvc les ,  tu rho- je t .  N E P A  has devoted 
more than  two pears OC di rec ted  and concentrated s tudy and analysis of 
$his  i m o r t a n t  Dhase of the  n ro jec t .  It has  SupFlemented i t s  s tud ies  
by a l imi t ed  a ~ o u n t  of experFnent81 i n v e s t i s e t i o n  and has c m e  t o  t h e  
conclusion t h a t  the  open cycle s y s t m  is t h e  more des i r ab le  fran the  
a i r c r a f t  appl icat ion and t h e  f e a s i b i l i t y  s tandpoin ts .  

I n  comine: t o  t h i s  conclusion, NEPA has had t h e  b e n e f i t  of continued 
liaison and consul ta t ion  with t h e  Air Force m d  Navy Deyrtment and t h e  
l e a d i n e  i n d u s t r i a l  a i r c r a f t  engine manufacturers.  N E P A ,  therepore,  has 
perhaps given icore weirht  t o  v u l n e r a b i l i t y  t o  f a i l u r e  and t o  a t tack  as 
a primary f a c t o r  than has Lexinrton. 

Such a d ive reewe  of conclusions as e x i s t  may be expected i n  considering 
a p ro jec t  such as NEPA. This divergence i n  conclusions map very vel1 be 
worked out  by a round-the-table d iscuss ion  of t h e  in t e re s t ed  par t ies .  

Fronever, t h i s  divergence i n  conclusions ha3 r a i s e d  importsnt pol icy 
ques t ions ,  a s  t h e  Lexington P ro jec t  Report imp l i e s  t h a t  a peper program 
of c y c l e  and power u n i t  evaluation should be undertzken for an approxi- 
mate period of t h ree  t o  f ive  yea r s ,  with a d i f f u s e  mater ia ls  procram i s  
a najor experinental  a c t i v t t p  a d d e  Orom shie ld ing .  

NSPA f e e l s  t h a t  the time has now come i n  t h e  i n t e r e s t  of economy and 
p roc res s  t o  1py down an e x p e r i i e n t a l  reac tor  of one of the two types 
as i t 3  primarv object ive.  
F m e d i a t e  fu tu re  as t o  t h e  tvpe t o  be l a i d  down, experimental reactors  
of both  open and closed systems must be c a r r i e d  an appreciable d is tance  
i n t o  t h e  experimental phase. 

I f  m aereement cannot be reached i n  the 

A p a r a l l e l  develoment of all possible avenues 07 approftch would be 
Drohib i t ive  a s  t o  cost .  It sems i m e r e t i v e  t h e t  t he re  should be 
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adopted as a c l e a r l y  defined ob3ective t h e  l ay inc  down of t h e  most de- 
s i r a b l e  tvpe from t h e  u s e r ' s  point of view and concentrate  and work 
towards t h a t  end. A change i n  t h a t  object ive may have t o - b e  mrde ,  and 
w e  f u l l y  rea l ize  it mieht have t o  be made, bu t  w e  f e e l  t h t  f a s t e r  pro- 
gress is t o  be expected from such a procedure. 

With recard t o  t h e  d e s i r a b i l i t y  of  including f u r t h e r  closed cycle s t u P i e s  
and some experimentation i n  the procram, it i s  p1ar:q.d t o  i n v e s t i a a t e  
t h e  p o s s i b i l i t i e s  of some of t h e  closed cvcle  ~ y s t e i , ~ ~  referrec! t o  i n  t h e  
Lexinpton Report. These s t u d i e s  w i l l  involve t h e  checking of c e r t d n  
bas i c  assumptions r ega rd ins  t h e  shieldine: and t h e  hea t  exchmger, and 
t h e  thermodynamics of t h e  closed cycle r e a c t o r  appl ied t o  t h e  turbo-jet  
e n d  ne. 

'flith regard t o  f u r t h e r  analysis  mrk, NEPA suhFcribee f u l l y  t o  t h e  v i e w  
expressed on Page 2, Chrnter 1 of the Lexinpton P ro jec t  Report: 

"Insofar  as c a r e f u l  analysis  and p r e l i n i n a q  study cen 
c l a r i f y  r e l a t i v e  merits and probable f e a s i b i l i t y  of various 
choices, such s tud ie s  should be carr ied ou t  as an inportant 
measure of economy." 

N " A  would apree with t h e  writers of t h e  Lexinaton Report t h a t  r eac to r  
materials developqent, combined with in renu i ty  i n  r e a c t o r  designs, is a 
most c r i t i c a l  need of t h e  program. NEFA feels ,  however, t h a t  inadequate 
r eco rn i t i on  has been biven t o  the  work i n  t hese  a reas  tha t  has been con- 
ducted d i r e c t l y  by t h e  NEPA technical s t a f f  and throuEh the medium of 
contracts  with such outstandine research organizat ions as t h e  B;lt t e l l e  
I n s t i t u t e ,  Fansteel ,  A. 0. Smith, hour, ' Jn ivers i ty  of blinnesota, 
Northro 3 ,  Metal Hydrides, University of Michigan, Iowa S ta t e ,  Wlreau 
of S t t I d a r d s ,  and so on. 

The nresent NEFA ffiaterials ?ronran fs d i r e c t e d  towardF an exnloration 
of hi&-firec! r e f r a c t o r v  mat,crials for u s e  i n  open cycle  turbo-jet 
p l an t s .  
cycle  lsystems would involve d i f fe ren t  rer.ctor noderatcr  matrix combins- 
t i o n s ,  d i f f e r e n t  heat  exchanoer alloys, and r e sea rch  i n  aany othex 
fjelds not  Tresmtlv included in t he  materizls v o e r m .  
a l loca t ion  of funds f o r  NEPA w i l l  not cover a program of t h i s  broader 
and more d i f f u s e  scope. 

To experinental ly  inves t i ea t e  n a t e r i a l s  sr i i table  for closed 

The present 

mile we are on t h e  subject  of mater ia ls ,  j u s t  l a s t  week we received 
one of t h e  c l a s s i f i e d  reports of t he  Atonic Energy C d s s i o n  writ ten 
bv Dr. Geller, Chief of t h e  Ceramic Section of  t he  Bureau of  Stmderds.  
He was one of t h e  consul tants  t o  t h e  Lexineton Group. 

This report  ccntained a comprekenzive survey of what hed keen done and 
what i s  beine done i n  t h e  United S ta t e s  i n  t h e  fjeld of cera.dcs. I 
was g r a t j f i e d  t o  find thet NEPA received very prominent mention i n  a 
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number of p laces  in t h a t  r e p o r t ,  not only fo r  t h e  work they  have done 
i n  t h e  l abora to r i e s ,  b u t  t h e  work our su t con t r ac to r s  have done. 

I: was p a r t i c u l a r l y  a t t r a c t e d  t o  one p a r t  of t h e  report .  
d e s c r j b h f t  t h e  e a r l y  work of t h e  Daniels p i l e  group i n  t h e  Oak Ridge 
National Laboratory. 
in 1947, apparently i n  favor  of fundamental background research.  
may I quote Dr. Gel l e r :  

D r .  Geller was 

He goes on t o  say t h a t  t h e  idea wes dropred e a r l y  
Then 

"The imprePsion was EaFnec! t h a t  t h i s  fundamental work is 
not supplying a foundatinn upon which t o  enEin5er a p i l e ,  
but i s  unearthing more and nore  reasons f o r  assuming t h e t  
no presently-known mater ia l s  a r e  s u j t e b l e  f o r  r eac to r s  i n  
high-tenperature p i l e s . "  

h. Gelley goeo on t o  record t h e  s i g n i f i c a n t  progreos made i n  other. 
p l acee ,  and may I quote  him abnin: 

"It is bel leved tht  avs i l ab le  in fornat ion from beryll ium 
oxide, b e r y l l i u n  carb ide ,  and graphi te ,  per  s e ,  warrant 
their  use i n  experimental  power p i l e s .  They may f a i l ,  
but  it i s  reasonably c e r t a i n  t h a t  t h e i r  a b i l i t y  or in- 
a b i l i t y  t o  func t ion  w i l l  be proven only bv ac tua l  t r i a l .  
The cos t  i n  such experimentation is admit tedly grea t ,  
but  t h e . c o s t  of a b s t r a c t  research i s  also grea t  and is  
a l so  time consuming. 'I 

Returning to  t h e  Lexington Report, all af  these  var ious aspects  of 
cyc le  se l ec t ion ,  materials, sh ie ld ing ,  can p r o f i t  by c lose  l i a i s o n  
ivitb the  work being conducted i n  Aroonne, General E l e c t r i c ,  Vest ing-  
house, and elsewhere for  t h e  N a n  NEPS Project  and f o r  s t a t i o n a r y  
power anpl ica t ions .  
eral  v ro iec t s  can complenent and cupplernent one another bv an i n t e r -  
chanze of bas ic  knoaledse on reac tor  design, r eac to r  heat t r a n s f e r ,  
materials, c h e n i s t r y ,  bio-physics, and SO for th .  The very ex is tence  
of these o the r  DroJects i n  t h i s  nuclear power f i e l d  immoves t h e  chances 
of successful  a c p l i c a t i o n  t o  a i r c r a f t .  

Althoueh tt.e e m  oroduct i s  d i f f e r e n t ,  t h e s e  sev- 

Es t ina t e s  In t h e  renort as t o  t h e  time and noney have been noted. One 
b r i e f  conclusion s t a t e d  t h a t  it would cos t  about a b i l l i o n  d o l l a r s  and 
take f i f t e e n  years .  
no foundation or assumptions upon which t o  form any b a s i s  for comment. 
Other  experts have guessed twelve years and ha l f  t h a t  sum of money. 

There i s  no supporting d a t a  for t h a t  conclusion and 

Obviously, most cost  estimates include major expenditures for f a c i l i t i e s  
which may well be s a i d  t o  automatically become pa r t  of t h e  fundamental 
resources  of our n a t i m  i n  ex?lait??R the  use of ? tonic  energv In wide 
f i e l d s  fo r  t h i s  generat ion a3d psnerations t o  cone. Yndoubtedly they 
nav have qreat  i n f luence  on t h e  ecoqoc?c pa t te rn  of our coiirltry f a r  
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beyond t h e  snecial  rc i l i tarv need from which o u r  nro3ect s t ens .  These 
are considerat ions of t h e  broadest nature and cannot be separated i n  
anv q i q n l e  manner from t h e  necass i t l e s  nc the  pro!ect i t s e l f ,  b u t  thev 
a re  ext,reaely larse f a c t o r s  i n  the wer-a l l  cos t  of accomfAishnent e 

One of t h e  i m p r t a n t  dec i s ions  t o  Fe rn?...de a t  t h e  pracent  tLTc is t he  
designirlg and bui ld ing  of high flux r e a c t x s  and makine: them avai lable  
f o r  t h e  needed tes ts .  I am hanny t o  r eco r t  t h a t  t h e  Atonic s e r g y  k y -  

6 s s i o n  i s  prer?arin!z t o  construct  t h e  h i r h  flux mater ia l s  research p i l e s  
from aDpropriations now under consideration i n  t h e  Cmgrees,  

It i s  considered most eFsent ia1 t h a t  f u l l  end e f f e c t i v e  cociperatjon and 
coordination of e f f o r t s  be male by all t h e  apencies and bv a l l  t h e  or- 
zanizat,? ons involved i n  t h i s  iqxrtant project  e The Coneressional 
Aviation Pol icy Board emphasized the  necess i ty  oo cooneration between 
t h e  deoartnents and aeeqcies  of t he  k v o r m e n t  i n  t h e  eP21-j so lu t ion  of  
nuclear powered f i i q h t .  

The F i n l e t t e r  Connittee s t r e s sed  t h e  necess i ty  f o r  cocpe-ation and solu- 
t i o n  o? t h i s  problem. 

General SDaatz i n  h i s  l e t t e r  of ?O Decenber s t r e s s e d  t h e  urgent necez- 
s i t y  o f  it from t h e  r l i l i t e r y  point of view. 

It i s  i n t e r e s t i n g  t o  n o t e  t h a t  t h e  Lexiqgto? ?roup h a s  so c l e a r l y  aQd 
adequatelv s e t  fo r th  t h e  sa?e s t r a t e e i c  concept t h a t  General Spaatz and 
t h e  o t h e r  a u t h o r i t i e s  had I n  mind when they reached t h e s e  conclusions. 
They ni-ht  well be -voted. Cn Fete 2, CYiapter 2 of t h e  Lexington Re- 
po r t ,  it i s  s t a t e d ;  

"If war cones, a r eq i i r e7en t  f o r  s t r a t e c l c  a i r c r a f t  w i l l  
h e  t o  drop s t r s t e E i c  bonbs on well-Frotected i c d q s t r i a l  
cen te r s  deep I? t h e  hea r t  of' t he  Ehrs-sian Continent ,  
These i n d u s t r i a l  c e n t e r s  & r e  within ra??e of  ck.e?lically 
Fropelled a i r c r a f t  cu r ren t ly  avai lable  t o  tk.e a i r  forces 
only i f  t h e  a i r c r a f t  a r e  operating f'roa Cases i n  Eirope, 
North Africa, o r  Asia. However, a s i t u a t i o n  mst be 
assumed where t h e  U. S. Air Force caqnot o p e r a t e  f ron  
such bases. Thiis, t h e  Air Force bel ieves  it n t a l  t o  
menare  t o  operate aesinst Russia frm kases w i t h i n  t h e  
United S t  a t  es 

"This reqiires a i rcraf t  with extrenely long-raTge capa- . 

bi l i t i es ,  up  t o  15,020 s t a t u t e  miles for  t h e  round t r i p ,  
p lus  t h e  extra range reqliired for  emergencies. The l a s t  
thousand t o  two tknusand niles t o  and from t h e  t a r g e t  
-1st be flown over eneiv t e r r i t o m ,  thus r e m i r i n g  high 
speed performance for a considerable l e n g t h  of time." 
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No matter how large our s tockp i l e  of atomic bombs may be, it would be 
t r a g i c  if these  bombs remain undelivered over t h e  t a r g e t s  where they 
would damage t h e  eneny 's  war-.?laking capacitv t o  t h e  utmost. 
h a T e n  if our present l i m i t e d  number of bases o u t s i d e  t h e  c m n t r y  were 
overrun by t h e  i n i t i a l  ove r t  act  of t he  enemy. 

This ccluld 

The country t h a t  possesses  an assured means of d e l i v e r i n g  t h e  A-bomb 
fron well-protected and e a s i l y  sunplied bases w i t h i n  i t s  own t e r r i t o r y  
t o  t h e  v i t a l  s t r a t e g i c  t a rge t  complex of t h e  enemy, no matter where on 
t h e  f ace  of t he  globe t h e s e  t a rge t s  map be located,  would have l i t t l e  
t o  fear from any p o t e n t i a l  enem,,. 
bonb becomes as  important as the  atomic bomb i t s e l f .  

NEPA i s  deeply conscious of t he  obligations of modern technology t o  
provide such a weapon, which, i f  it exi - ted ,  n i s h t  e f f e c t i v e l y  res t ra in  
s e r i o u s  thousht of agcression aea ins t  cur country. 
t h i s  weapon could thus  be a pos i t i ve  force f o r  world peace. 

Thus, t h e  means of del iver ing t h e  

"he e x k t e n c e  of  

It i s  submitted t h a t  t h e  p o t e n t i a l i t i e s  of nuc lear  powered a i r c r a f t  
havine, and I quote fran t h e  Lexinqton Report, "an extreme ranqe, e.g., 
around t h e  world, and capable of operating at ex t r ene  high speeds, a 
speed approaching t h e  v e l o c i t y  o r  sound, probablp 600 miles an hour, 
although it i s  mi t e  conceivable t h a t  t h i s  can be improved bv d e v e l o p  
Tents now under way or not  ye t  foreseen," are s o  a t t r a c t i v e  as t o  merit 
a strong na t iona l  e f f o r t  towards reaching t h i s  goa l .  

Subs tan t i a l  b e n e f i t s  have accrued t o  t h e  N E P A  P r o j e c t  PS t h e  r e s u l t  of 
cooperation and teamwork between your nriae c o n t r a c t o r ,  our consul tants  
and member comnanies and t h e i r  subcontractors. Valuable contributions 
t o  t h e  succecs of t h e  nro2ect have stemTed from t h e  cmbined thinking 
of these  individuals  and these  h d u r t r i a l  u n i t s .  

' J i th  a favorable indorseqent by t he  Lexington Group res2ectinE tbe  pro- 
gram f o r  nuclear-powcred a i r c r a f t ,  it i s  contemplated t h a t  a more ex- 
t ens ive  p a r t  w i l l  ncw be Dlaned by the Atomic Enerpy ComTission. 
saTe teammrk will hjnceforth be required amonc t h e  armed services,  
f r o m  p a r t i c i p a t i n q  i n d u s t r i a l  units, the  Atoiic 3 e r g g  Comission, i n  
a common e f f o r t  t o  so lve  t h e  many problem involved i n  t h e  ea r ly  ac- 
coqplishnent of  an ensine f o r  niiclear-?nwered f l i g h t .  h i s  concludes 
my remarks a t  t h e  present time. 

'his 

Thank you. 

CHAIREN4 JMD: T h i s  miaht be F p o d  place t o  break o f f  f o r  about f i v e  
o r  t en  minutes and t h e n  pick r i g h t  up where w e  le?'t o f f .  

( A  shor t  r eces s )  

CHAIPXAN EAQR: l e  w i l l  p ick up  and Mr. Sims 
-,vi11 continue h i s  remarks. 
t h e  17111, Colonel D d e r  has kindly consented t o  pinch-hit  f o r  him. 

All r i g h t ,  pentlemen. 
The? i f  General Pu t t  is  no t  back from on 
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General S h s .  

MR. SISIS: 
board, This equat ion shows t h a t  range of  a i r c r a f t  i s  eoual t o  a con- 
s t a n t  (depending on t h e  svstm of u n i t s  we ‘Jse, miles yer hour, f e e t  per 
second, or what n o t )  t iws  t h e  L/D of t h e  a i rp l ane ,  which is the  aero- 
dyna-iic e f f i c i e n c y  of i t ,  t x e s  a f a c t o r  representative of t h F  nver-all  
e f f i c i e n c y  of t h e  mopuls ive  system and times Ef which represeqts t he  
specFfic energy of  t h e  f u e l ,  t i ?e s  a f a c t o r  which is representEtive of 
t h e  s t r u c t u r a l  e f f l c i e n c y  of t h e  a i rp lane ,  

While you were eone I put the  Bre.pet  ranEe equation on the  

I put  t h i s  cn t o  r e p r e s e n t  t h e  various f ac to r s  involved. 
i s  under way throughout t h e  e n t i r e  a i r c r b f t  industry &id t h e  NACA t c  
i ! p r o v e  a l l  of t h e s e  t h r e e  f ac to r s ,  a d  s f e n i f i c a n t  !mnroveieqts w i l l  
mateyialize come dap. J u s t  i n  t h e  L/3 alone, it i s  v o , ~  zood i n  t he  
SuI-Foqic ranqes. You rniaht g e t  1 5  t o  18 today by clean d e s i p n s ,  

O f  c m r s e  work 

I t  i s  n o t  very good i n  t h e  suveracnic r2 r l r~s  r i p h t  now. 
imnrove. Tne NACb e v e s  112 forecPsts 1in t o  10 o r  so; and Mr. Ecb iYooda, 
who is t h e  ch ie f  aieirlezr c f  Eel1 .4ircrpft1 naker of  t h e  ? e l l  XF-1, ore- 
d i c t s  t h a t  some day designers  w i l l  h e  usine as hiyh a? 1 2  in t he  FJper- 
sonic  ranees oi LID.  

3u t  tF?L ,  w i l l  

This f a c t o r ,  p r o p l s i v e  e f f i c i encp ,  doesn‘t change much from y e n  t o  
vear. It is s t e t i c  l i k e  i n t e r e s t  on a savings account i n  t h e  bank, 

This next f a c t o r ,  Ef, represent tne t h e  -epeciric enerrv of t h e  fue l ,  we 
can do soyethi?? &%out. ?a f i s e i m  of uraniun, one pound of i t ,  310- 
duces sonetbine l i k e  1 5  b i l l i o n  ETU’s of heat energy. 
lore familiar terns, t5a t  ruch heat i s  ecuivalent t o  ebniit 22 n i l l i o n  
horsepower hours I n  round n u b e r s .  
a 6 horsepower notor  about an t..our, 
i n  a factor of 2 y i l l i o n o  

To pilt it i n  

Now one pound of Fasoline w i l l  n n  
Dividing 12 m i l l i o n  bv six rc53ilts 

You can r e a d i l y  see t h a t  t h e  avenue i s  far g rea t e r  for i3Frovement i n  
t h i s  one f a c t o r ,  s p e c i f i c  energy of t he  fue l .  
f a r  outweighs any im?rove?ents t h a t  might be made i n  aerodynaTic ef- 
f i c i ency ,  propuls ive e f f i c i e n c p  o r  s t r u c t u r a l  e f f i c i ency ,  t h e  c ther  
itm.s in t h e  eauat ion.  

The f a c t o r  of 2 z i l l i o n  

A l i t t l e  b i t  more about s t m c t l i r z l  eff ic iency,  o r  shall  I say xeipht 
of l e rce  a i rp l anes ,  Large airplanes as we know t h e n  today hpve t h e i r  
t o t a l  weight d i s t r i b u t e d  ey-roximafelg as follows: 50 percent o f  the  
t o t a l  weight nil1 be i n  fuel load, and 20 percent i n  t h e  i n s t a l l e d  
wefoht  of t h e i r  engines;  22 nercent will be eevoted t o  a i r c r z f t  struc- 
t u r a l  weight: and t h e  rmeining e percent i n  pemonqel ,  tomks; mnuni- 
t i o n ,  u s e f u l  loac! and PO f o r t h ,  
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We have heard of t h e  material, t i tanium, mentioned i n  c e r t a i n  corres-  
pndence.  The writers of  t h i s  correspondence spoke o f  it as  magic ma- 
t e r i a l  MC! qave it wondrous p rope r t i e s .  

Actually, information about t i t an ium i s  r a t h e r  rneacer. 
very in t e re s t inn  a l l o y s  should be developed from it. 

It does seem t o  have a higher s t r e n g t h  a t  e leva ted  temperatures  of four 
o r  f i v e  hundred degrees ,  bu t  pregent b fo r r r a t ion  on i t s  s t r e n g t h  -- 
weight r a t i o ,  i t s  modulus i n  tens ion ,  i n  compression, i n  shear ,  and i n  
t o r s i o n  present no v a l i d  grounds for forecastinR t h a t  any r e a l  weight 
savings will r e s u l t  from i t s  use.  
t h o s e  i n  the  Aluminum Company, won't l e t  me p r e d i c t  any weight saving 
over aluminum. 

C e r t a i n l p  s m e  

In  f a c t ,  my engineers ,  t oge the r  with 

But sunpose they  a r e  monk. 
t h a t  t i tanium i s  a wondrous metal  and t h a t  I ts  use  w i l l  r e s u l t  i n  a 10 
percent saving I n  s t r u c t u r a l  weitzht. This 10 percent  is severe1  times 
higher  than anyone would ever  use.  
plane. 

Let us a s s w e  now, merely for i l l u s t r a t i o n ,  

IJm l e t ' s  apply it t o  t h e  whole a i r -  

Since the b a s i c  s t r u c t u r e  on ly  weirhs 22 percent  of t he  t o t a l ,  a 10 per- 
cen t  imurovemnt would save onlv 2.2 Dercent of t h e  t o t a l  qroes weieht.  
You can see t h a t  t h i s  would have a r e l a t i v e l y  i n s i g n i f i c a n t  e f f e c t  on 
e i t h e r  range or speed or  m e p a l l  s i z e  of t he  airplane. 

The spec i f ic  energy of t h e  f u e l ,  now tha t  uranium i s  with u s ,  s t i l l  
o f f e r s  by Car the  most s i g n i f i c a n t  chances f o r  improveaent i?l t h e  per- 
fomance of a i r p l e n e s  where t h e  combinat5on of long range with high 
speed i s  n5eded. So much for t h e  Brequet equat ions.  

1 

In recognition of t h e  f a c t  t h a t  ~y voice i s  on t h e  e i l i n g  s i d e  today, 
Er .  Yard has covered some of t h e  mdre s i g n i f i c a n t  meetirles t h a t  we held 
durinp the  year.  There i s  no nQed fo r  ne t o  review them acain.  

I would, however, like t o  po in t  out t h a t  these  meetings a r e  l a r g e  ai- 
f a i r s .  Our seminar i n  April had 228 people present ;  and a i  those 228, 
99 of them were visitors from off  t h e  area, inc luding  guests  from t h e  
A.E.C., Washington; BuAir; BuShips; Air Forces; Ground Forces ,  i n  addi- 
t ion  t o  those a t t end ing  from t h e  member companies. 

The r e s t  of t h e  qentleTen were from NEPA and people from Carbide, X-10, 
and people on t h e  Oak Ridge area. 

A t  our mater ia l s  symposium, June 14 t o  19, t h e r e  were 200 people present  
e t  t h e  rneetinEs. 
72 were Euests iron outs ide  ornanizztions.  

Ninety-two were from W A  and sponsor personnel,  and 
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Representat ives  were rre?e?t from Ohio S t a t e ;  GE; Air Uate r l e l  Conmand, 
Nripht  F i e l d ;  Headquarters Air Forces; A, 0. Smith, Y.I .T, ;  E*iSi..ips, 
A l l i son ;  R a t t e l i e ,  Arecnne, A. C ,  Spark Plug, Cl-dqion Sdark Flu??; 
h o u r  Resea-ch; Kenmetal ,  A."L,C, dashington; Uriited Aircraft;  k r e a u  
of Ordnance; WriEht Aeronadt icd,  m d  A,E,C. i n s t a l l a t i o n s  cn t h e  area. 

In  t h e  l a s t  SmpCSiUm t h a t  'Ne had on radiat ion d z w e e ,  3n Deceuker 6 ,  7 ,  
and 8 ,  we had 23.5 pecFle etteqdir.g c lasses  for t k c s e  th ree  days, and of 
t h i s  number, 120 were N E P A  and snonsor Fersormel, and 95 were euests 
from ou t s ide  t h e  area. 

That symposium was one on r ad ia t ion  demarre, and one of  the  l e c t u r e s  was 
t h e  effects  of r a d i a t i o n  on rnammplian tissues. 
c i s t ,  and you aentleqen who have been with u s  a t  Oak 9ildqe know thz t  we 
have a "coke" qachine cu t s ide  t h e  auditorium on t h e  porch. It is a s -  
tmary t o  recess  every once i n  a while and go out and e e t  a l i t t l e  re- 
freshmen t o 

'Ne have a lady Fhysi- 

This young lady was out on t h e  porch during recess ,  and j u s t  as I was 
about t o  put a n i cke l  i n  t h e  ttcoketl machine, I heard her  say, "Yes, and 
it t a k e s  t h e  fuzz o f f  t h e  b a l l s ,  t o o e f t  (Leurhter) 

I wondered what she was t a l k i n g  about; I thought maybe I might be ais$-  
ing something a t  t h a t  point ,  perhaps evem some fuzz. 
many v i s i t o r s  present f o r  ne t o  find out p o l i t e l y .  
ou t  I inauired i n t o  t h e  matter fu r the r  and detemined t h s t  everything 
was all r i g h t  a f t e r  a l l ,  Our ledy physicist  was merely t a lk ing  about 
t h e  d i f f i c u l t y  of playing t e n n i s  on the  concrete t e n n i s  courts.  

ht the re  were too  
But a f t e r  school was 

CHAIFfMAN WAP.D: 
Hill, so, Colonel Defier, would you come up and zive us the  benefit  of 
your remarks, p lease  

I d o n ' t  see General Putt  as having r e t w n e d  from the 

COWtNEL DELILER: GentleTen, t h e  purpose o f  my renarks is t o  provide t h e  
NEPA Board of Consultants with a s t a t u s  repor t  on t h e  pro!ect i n s a i m  
as t h e  RDB, t h e  Mi l i t a ry  Liaison b . d t t e e ,  and t h e  Atanic Ehergy Corn- 
d s s i o n  are concerned, 

A t  your last meetinp, General Craigie outlined t h e  ac t ion  t;ken bv t h e  
Research and Development Eoard i n  recamending tha t  t h e  A.E.C. review 
a l l  work i n  this f i e l d  and C o r n l a t e  a plan t o  e f f e c t  a s i q e l e ,  unitfed 
and coordinrted promem t o  develop nuclear encines f o r  a i rc r ; l f t .  

.As you know, t h e  A.E.C. conducted such a review t h i s  past  purmer, and 
we i n  Air Force think t h e  Lexinrrton Proiect  did a very excel lent  job. 

On. 8 December 174e t h e  .4tomic Fhergy Comissicn advised the  Ul i tz ry  
Lia ison  Cornnittee and t h ?  National Mili tary Gstablish-wnt of t h e  con- 
c l u s i o n s  of t h e  Lexinpton P ro jec t  report,, and t h e  A.E.C. prcposed a 
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plan t o  prosecute a j o i n t  Fnterim developnent program on nuclear-powered 
fl iaht . 
The pr inc ipa l  conclusions of  t h e  LexinEton r epor t  were out l ined  by Yr. 
Sims, and I understand t h e  Board of Consul tmts  has  now been furnished 
a corn of t h i s  repor t .  

I should l i k e  t o  read from t h e  A.E.C. l e t t e r  c e r t a i n  excerpts  r e l a t i v e  
t o  t he i r  proposal for a j o i n t  in te r im procram. 

Before get t ing i n t o  t h a t ,  however, I t h i n k  one of  t h e  most important 
f ac to r s  t h e  Air Force i t s e l f  is concerned w i t h ,  from t h e  A.E.C. l e t t e r ,  
i s  a statement t h a t  i t  i s  apparent from t h e  Lexineton r epor t  t h a t  a 
s t rong  developnent program on nuclear-powered f l i g h t  would involve l a rge  
f u t u r e  commitments: 

"The magnitude and complexity of  such an undertaking 
d i c t a t e s  a need for a p o l i c y  decision a t  t h e  h i ches t  
Governmental l e v e l  as t o  t h e  effort involving manpower, 
money, f i s s ionab le  ma te r i a l ,  t h a t  can be j u s t i f i e d  by 
nat ional  i n t e r e e t s  i n  t h e  prosecution of t h i s  proEram. 

"The Connission would apprec ia te  l e a n i n g  t h e  views of 
t h e  N s t j  onal M i l i t a r y  Establishment with respec t  t o  t h e  
basic  conclusions reached by t h e  Lexinaton r e p o r t .  The 
Commission d e s i r e s  t o  o b t a i n  t h e  pol icy dec is ion  a t  t h e  
hiEhest l e v e l  which i s  based on a thorough eveluat ion 
of t h e  respec t ive  merits of expending heav i ly  o f  na- 
t i ona l  wealth for t h e  developnent of nuclear-powered 
a i r c r a f t ,  as compared wi th  similar expenditures f o r  
developnent of o t h e r  means of nat ional  defense. 

"Inasmuch as a dec i s ion  w i l l  a i d  ma te r i a l ly  in g e t t i n g  
a proeram under way, t h e  Comnission reaues ts  views of 
t h e  National Mi l i t a ry  E s t a b l i s h ~ e n t  with reEpect t o  
t h e  nanner i n  wkich such a decis ion can b e s t  be ob- 
tained a t  an eerly date .  

We would sugbes t  t h a t  after your viewe have been 
formulated, t h i s  ma t t e r  be made the  subject  of dia-  
c u s s l m  between t h e  A.E.C. and t h e  U i l i t a r y  Liaison 
b i t t e e .  

Yhe  decision r e f e r r e d  t o  above is e s s e n t i a l  be fo re  
there  can be  a d e t e d n a t i o n  of t he  scope and emphasis 
t h a t  should be applied t o  t h e  a i r c r a f t  program. 

"The Lexincton r e p o r t  sets f o r t h  a number of l i n e s  of  
e f f o r t  which n i g h t  be pursued as pa r t  of an i n t e r i m  
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ororram. I n  t h i s  connection t h e  Ccmission w i l l  expmd 
J t s  reac to r  work i n t o  tk0.e rerts o f  t h e  F r o g r m  I~vL~T*'?o 
miclear  asnectE such as r eac to r  s t u d l e ? ,  re@e?rch. ~ q ?  $e- 
velor-,ent on rnateriPls, with spec ia l  iltteqt! on t o  the 
qat e r j  a l a  remirements  f o r  a i r c r a f t  reactors .  

"3. Pesemch and developnent on sh i e ld ing .  As i s  i n d i -  
cr.ted ir. t h e  Lexineton r enor t ,  t he re  is a 1 ? r b e  area o f  
i n v e r t i c e t i o n  and Covelortent i n  t h e  f i e l d ?  of cornFres- 
s o r s  ~ t u rb ine? ,  heat excbmeer?,  an? e i r c r a f t  f rmles ,  
which i s  predominantly non-nuclear and involves s p e c i d -  
t i e s  i n  Pihich t h e  N?tionel Advisory Cm-ittee f o r  Aero- 
nai j t ics  and t h e  National Mil i tary 3 t P b l i s h n e n t  both 
have :re& cornretence a".? c o n t i m i n e  i n t e r e s t  for reasons 
aFert  frcm nuclear-powered a i r c r a f t .  

"T)et?iled s t u d i e s  of syEtms using therna l  energy from 
t k e  r e a c t o r  i n  ac tue l  a i r c r a f t  will be required.  
+,hose z c t i v l t i e s  e!-oiilc! be c lose ly  integrct.ed wi th  t h e  
work m t l i n e d  above f o r  t h e  Conxissionls e f f o r t ,  t he  
Conmission siicects t h a t  t h e  work i n  t h e  t k e n e l  and 
hea t  enelqe area c m  t e s t  be prosecuted bp t h e  N a t i m a l  
b t i l i t a r y  Zstablishment and t h e  NACA. 

% i l e  

Then, t h e  Comiaaion r e m e s t s  t h n t  if these d e w s  are  general ly  setis- 
f ac to ry  t o  t h e  Zi l i tary Liaison Comit tee  end t t e  National Advisory 
Connittee for  Aeroneutics, t h a t  t he  severs1 rarte of  t h e  r eac to r  p r b  
p r p y  c011ld be exemined anc! ccu ld  work out with these  aeencies siiLtst.1~ 
pr3ced11r3r l o r  mordinet inq work on the various Darts. 

%e l i i l i t a r y  Liaison Cornittee,  for  w u r  infor?atj  on 
n a t i o n  c p  the Air Force, Navy, and Amy, advised t h e  A.Z..C, th& t ? e  
measlires ci1tljnec-l F.v t k e  A.5.C. were a somd b e s i s  f o r  fii*,rire acticri 
snc! r rob 'qt ln  ;?s scund P S  could be dedFed a t  t h i s  t ine .  

s i t h  the  cocr5i- 

"lhereas t h e  v i e w  of  t he  e n t i r e  nil!tPry e:trFlfchacnt c o d 8  qat be 
eive.1 p r j o r  t o  act ion hv t h e  'lerearch ?rid Develoyent  S w r d  =nc! t h e  
j o i n t  Ck,iefs o* S t a f f ,  t h e  se rv i ce  which had t h e  FresteFt i n t e r e s t  i.. 
t h e  continu?tian of the 3ror?m, nayely, t he  Air Fnrce,  has  s t a t ed  
? t s  f u l l  concurrence i n  t h e  cmten t9  of  t h e  A.Z.C. l e t t e r .  

'Vit.h reqard t o  t h e  Cc.mIsPionfs d e s i r e  t o  ot.t?in a pDlicp decis ion on 
t h e  r e s w c t i v e  mer3 ts of developin? nuclear-powered el,rcr~-?'t 2s cm- 
DF.rec! with the  develov.ent of o t k r  ness of n a t j o n a l  defense, e st*Jdp 
has heen introduced i n t o  t h e  Joint Ciiiefs of Staff 5.1 t h e  Air Force 
for t h i s  Turpose. 

The S i l i t a r y  Lizison *Somitten werit on and replied t o  the  Atomic h e r g y  
Cornission, t c  stste t h r t  t h e  Committee considered t h e  Lexinutcn FroJect 
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r epor t  a highly competent and indspendent sumat ion  of  t h e  f a c t o r s  in-  
v9lved i n  determining t h e  f e a t i b i l i t p  of developiw nuclear  eqEjnes for 
a i r c r a f t .  

It  i s  believed t h a t  t h e  Lexington Froject  has contr ibuted very mpter ia l -  
l y  t o  a c l a r i f i c e t i o n  o f  t h e  s c i e n t i f i c  and engineering th inking  on t h i s  
sub jec t .  

A t  appropriate  tqbes t h e  National hfi l i tarp EstPblishment will be pre- 
pared t o  examine j o i n t l y  with t h e  Comiseion and t h e  NACA t h e  c e v v a l  
p a r t s  of t h e  r eac to r  procram and t o  work o u t  w i t h  t h e s e  agencies su i t -  
ab l e  procediires for  coord ina t jne  t h e  work of  the  varfous p a r t s  o f  the  
0 v t 3 ~ a l l  proera3 for developing nuclear engines f o r  a i r c r a f t .  

Accordinaly, on 1 2  January, t h e  Air Force and Navy m e t  with t h e  A.E.C. 
and NACA t o  s i t  down and nenera l ly  examine several  p a r t s  of t h e  program. 
A t  t h z t  meeting the  A i r  Force s t a t e d  i t s  posi t ion genera l ly  as fol lows,  
and I w m l d  l i k e  t o  read from tha t  a s  per t inent  t o  t h i s  sub jec t :  

"he bir Force i s  p leased  t o  be inv i ted  t o  j o in  with t h e  
Comissjon and t h e  NACA for t h i s  purpose, and t h e  Comis- 
s i o n l s  l e t t e r  of 8 December was accepted as a d e s i r a b l e  
f r snmork  around which t h e  scope and e f f o r t  on an in te r im 
program could b e  determined. 

"It is recocnized by t h e  A i r  Force t h a t  a j o in t  t echnic81  
board is  probably t h e  only  f e a s i b l e  solut ion t o  caordinat-  
i n g  t h e  e f f o r t  o f  several independent agencies who possess 
d i f f e r e n t  s k i l l s  m d  f a c i l i t i e s  as  requi red  f o r  tkis t F e  
of p ro jec t .  

The work t o  be  assigned t o  t h e  present Air Force and 
Maw sponsored N V A  o r g a n i z ~ t i o n  i n  a j o in t  i n t e r im  pro- 
pram can be as determined by t h e  aqreepents reached by 
the  j o i n t  t echn ica l  hoard." 

In order  t h a t  t h e  Air Fome and i ts  induPt r ia l  con t r ec to r s  may be i n  a 
positim a t  an eerly d a t e  t o  carry au t  t h e i r  f u t u r e  r e s p o n s i b i l i t i e s  
in t h i s  f i e l d ,  t h e  A h  Force s t a t ed  tha t :  

"It is desjred t h a t  our persannel b e  afforded a rnmchnm 
amount of p a r t i c i p a t i o n  under the  technica l  d i r e c t i o n  of 
t he  agency t o  be a s s i rned  the  reagons ikf l i ty  for specific 
nreas of work. 
Force cont rac tor  personnel rill i rona te  t h e  i q t e g r a t i o n  
of t h e  aver-all program and provide t h e  bect u t i l i z e t i o n  
of f a c i l i t i e s  and personnel avai1able.l' 

We f e e l  t hp t  such pa r t i c ipa t ion  by Air 
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As a r e s u l t  of  discussions a t  t h i s  f i r s t  meeting with A.J.S. m d  NACA, 
a zener21 arreezent  UES reached thRt  t h e  A.E.C.  would i n i t i a t e  act ion 
t o  o m e n i z e  an ad hoc camnittee o f  r ep resen ta t ives  f r o 3  the  A.X.C., 
NACA, Navy, and Air Force t o  ureFare recomnendations repzrding t h e  d i s -  
t r i b u t i o n  of  work and t h e  mmner of  opera t ine  such a j o in t  program. 

It, i s  m t i c i p a t e d  t h a t  such an ad hoc committee w i l l  meet perhepa i n  
February. 
t h e  NZFA Projec t  pler.eraUy, t h e  Air Force would l i k e  t o  prepare some 
recommendations and su rces t ions  f o r  u se  i n  s e t t i n g  up  a j o i n t  coordinet- 
I n g  progrm. involviqg o ther  agencies  . 
In  conclusion,  I would l i k e  t o  say t h z t ,  pending a dec is ion  by t h e  Jo in t  
Chiefs of S t a f f  i n  t h c  o v e a l l  xdlitary importance of t h i s  p ro j ec t ,  t h e  
prosecut ion  of an i.nterim moErm on such a jo in t  b a s i s  anreers  t o  be a 
very  s a t i s f e c t o r y  so lu t ion  t o  t h e  p rob lem which we were faced with a t  
t h e  t!ae o f  vcur las t  board meeting a year  ago. 

In  the  mszntime, with t h e  a s s i s t a n c e  of Ur. Ycrd, Mr- Sins ,  

A t  t h i s  t i T e  I would a l s o  l i k e  t o  express  canplete  s a t i s f a c t i o n  of t he  
A i r  Force w i t h  t h e  r roe res s ,  accompllsk-Tents of t h e  NEF'A Project  durinrr 
t h e  p a s t  year .  V;e a r e  g r a t e f u l  t o  you, Hr. ,Yard, f o r  your leadershi1 
i n  t!-!is e f f o r t ;  and on t h e  j o i n t  i n t e r i m  program, which you folks a t  
O a k  Ridge c a l l  t h e  "New Look," we hope t h a t  t he  good work and coopera- 
t i o n  w i l l  be continued. 

Thank you. 

CHAIRMAN YARD: Thank you ve ry  much, Colonel Denler. 

Now w e  are ge t t i nc  toward t h e  c l o s e  of t h e  genera l  pol icy considera- 
t i o n s  t h a t  h w e  t o  do with t h i s  p r o j e c t ,  and I think you might be 
i n t e r e s t e d  t o  be brought up t o  d a t e  on t h e  f a c i l i t i e s  t h a t  have been 
cons t ruc ted  a t  Oak Ridge. 

On t h a t ,  we would l i k e  t o  c d l  on t h e  Ceputy Administrator, Mr. 
F'rederick Kai.i?fman. 

MR. KAtlFFNAN: 
f a c i l i t i e s  fo r  e s t t i n e  our hands d i r t y  are completed. 
l a b o r a t o r p  is completed end i n  operat ion.  The equipnent is not all 
hooked up end shaken down, b u t  it is ogerat iqp &out 75 percent. 

Gentlemen, w e  a r e  pleased t o  re3or t  t h e t  our f i r s t  r e a l  
The ma te r i a l s  

The cheqica l  laboratory which we have had under 3 o d e n i z a t i o n  and ex- 
t e n s i o n  is a lso  cnrnnleted and t he  c h e n i s t s  a r e  busy :. 

pipes ,  and so fo i th .  
wirei-e w i t h  t h e i r  

These two laboratory bu i ld ings ,  we th ink ,  a r e  very f j n e l y  equipped and 
w i l l  enable us t o  do t h e  con t ro l  work nece.csary, i n  addi t ion t o  t h e  
work being done by cont rac tors  and subcontractors.  Tho inve;ctxent in 
t h e  t w o  bui ldinps w i s  i n  t h e  neighborhood of $575,OCO, l e s s  e c u i p e n t ,  
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Out  of our budget, r e  have spent  about $500,000 for new equipnent f o r  
t h e s e  two l abora to r i e s .  
good deal  of equipnent from War Assets, and t h e  A.M.C. a t  T r i g h t  Field 
were extremely he lp fu l  i n  a s s i s t l n z  11s i n  running down a l o t  of equip- 
.lent. Ye were ab le  t o  g e t  a l o t  of  excess equipment d i r e c t l y  from t h e  
U. S.  Air Force. 

I n  add i t ion  t o  t h a t ,  we were akle  t o  g e t  a 

A l l  t o l d ,  we heve est imated about 1 1/2 mi l l ion  d o l l a r s  worth of $quip- 
ment i n  these  two l a b o r a t o r i e s ;  t h a t  i s ,  a t  rep lacesent  cos t .  

I might Eive you some idea  of t h e  rna,jDr pieces o f  eqiilpaent in t h e  
materials lab .  8e have a d i l a t m e t e r ;  a compression furnace,  26000; 
200-ton m e s s  for h o t  and cold Dresshe: o f  metal  powders and ceraq- 
ics ;  a 5O-ton nress for h o t  and cold pressing of metals and ceramics; 
a carbon r e s i s t o r  furnace f o r  t h e  t e s t i n e  of ma te r i a l s  up t o  45000 F.; 
e l ec t ron  d i f f r a c t i o n  u n i t ;  a F h i l l i p s  X-ray spec t r ane te r ;  a P i c k e r  
X-ray d i f f r a c t i o n  u n i t ;  a Hayes X-ray d i f f r a c t i o n  u n i t ;  a Bausch and 
L a b  Yettalograph; one pe t ror raphic  dz roscope ;  a Facerzren f l o t a t i o n  
machine; 50 KW carbon r e s i s t o r  furnace, maximum tenperat i i re  50000 F. ; 
and so fo r th .  

So t h e  mater ia l s  l a b  is p r e t t y  well equipped. 
a l l  t h e  apparatus which w e  want t o  mt  in t h e  laboratory.  
i s  on o rde r ,  but it i s  coming in i n  p r e t t y  good shape. 

We have not  rece ived  
Some of it 

We have s p l i t  up t h e  chenica l  labora tor ies  i n t o  f i v e  sect ions:  Physical  
Chemistry; Analytical C h e d s t r y ;  Radiation & Tracer Cheqistry;  Spec- 
troscopy; and Inorga?ic Chenistry. 

'Ye have t h e  usus l  p ieces  of  eauipne?t -in those l a b o r a t o r i e s  t h a t  you 
w i l l  f ind i n  any well-equipped laboratcry.  

I have a s o r t  of k indergar ten  char t  here t o  r ive  you an idea of whet 
i s  happminq. 
area. They have a l l  been turned over t o  us by the  Atunic Energy Corn- 
d s s i o n .  

llast of  you a r e  f a n i l i a r  with t h e  bui ld ings  i n  t h e  s-50 

F-10, as you w i l l  rezmnber, i s  t h e  rnsterials 1Pboretory; and t h e  space 
he re ,  F-08, is  the  new chemistry 1aborator;)r. 
are shops and labora tory  f a c i l i t i e s ;  and the  black color i n d i c e t e s  
o.Cfice space, d raf t ing  rooms, and so for th ,  

Those co lo r s  i n  orange 

We have had an engineer go  over t he  erea and give us  sone c o s t s  and 
es t imat ions  end spec i f i ca t ions  for r ehab i l i t a t ing  t h e s e  o l d  bui ldings.  
Most of them, of course, viere temporary, and i n  p r e t t y  bed condi t ion.  

We expect next week t o  i s s u e  an i n v i t a t i o n  for bids t o  r e h a b i l i t a t e  
some of these  bui ldings.  
tation. 
new tsmporary building for a warehouse. 

Those out l ined i n  green w i l l  r equ i r e  r e h a b i l i -  
J e  a r e  very short of s torage space, and we a r e  p u t t i n g  up a 

That i s  out l ined  i n  red. 
w 
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As a mat te r  of f a c t ,  we were lookinpl for excess mater ia l  and found Fo%e 
steel  beans i n  AMC custody. :Be wrote fo r  t h e  drawines, F ~ C !  ins tead ,  
t h e v  s e n t  us these t e r r i f i c  lone: s teel  Eirders.  They arrived ?rid w e  
stacked t h m  U D  i n  P p i l e  and ~ c r e t c h e d  3 u r  head? t o  Find out whEt we 
cnll ld d o  x i t h  t h e n .  

'Ne found olit t h a t  we could r i n  them to r5€he r ,  and we tope t o  have 2 new 
temporarv s to raae  buildinp which would e ive  us about 16,KC sarifire f e e t  
of space. Ye checked very c a r e f u l l y  and found cut t h a t  by using these 
s t e e l  beams it was considerably cheaper €ha? putting up a xooderi t u i l d -  
ing  . 
The only buildine: we a re  not a c t u a l l y  occupying a t  t h i s  moment is build- 
i n p  F-18, which was rea l ly  i n  h o r r i b l e  shape. But i n  our plans fo r  t h e  
b i d s  next week, w e  intend t o  put an ex te j s ion  on t h i s  end o f  t h e  b u i l d -  
i n g  for a new enzineerLqg d r a f t i n p  mcm. 

The f irst  Dkrse of t h i s  r e h a b i l i t a t i o n ,  including t h i s  nm buildina and 
t h e  extension cf t h i s  bui ldine here,  w i l l  run i n  the neiebbqrhood of 
Qt225,OCQ; and we w i l l  have a second phree-of it which will m n  something 
on t h e  order  of another $200,000. 3e hope t o  include sme space for 
some sort of  a quick lunch cafeter ia .  
c a t i e n t  in putting up x i t h  t h e  paor q u e l i t y  and aTne=rmce of t he  fcod 
;ow f u r n i s h 4  us i n  t h e  Carbide Canteen. 

Our personnel have been very 

So much f o r  the bui ldinzs .  

de have been informed w e  w i l l  be unzble t o  put any nore permanent-type 
t u i l d i w s  i n  t h i s  area.  So w e  are rehabilitating these  as f a s t  A S  we 
C M .  Of course, t h e  maJor e f f o r t  is on t h e  f s c i l i t i e e .  Trl addi t ion,  
w e  heve r ecen t ly  placed en orde r  ?or a Univac electroqic  c o i y t e r ,  which 
will probably take sane vem and a ha l f  for delivery.  ;Re hope t o  be one 
of the first six t o  receive one of t h e  machines fro2 the Uauchley-Ekert 
Cormrat! on. So mch f o r  t h e  f a c i l i t i e s .  

I pla.cs 1 x d d  t e  re-.iss i f  I d i d n ' t  bring up somet5ino ?bout tkAs 013 
bugaboo of Secir'tT-. I would like t o  inPo% t h e  Roard of Consultaqts 
t h a t  t h e  iJuibe; 6 Report was comcleted i n  September, mc! we cent it i n  
Por a s e c u r i t y  check r r j o r  t o  d i s t r i b u t i o n .  "!e were told we co1:Idn't 
d i s t r i b u t e  it t o  t h e  nenher c o m m i e s .  

Sa we hed Fame meetinzs and wrote a lot of le t te rs  nnd weqt back i n t o  
t h e  h i s t o r i c a l  p a r t s  of t h e  project and erl6e:vared t o  see vr!-nt, ve had 
t o  do t c  chawe the  nolicy, so t h a t  ope could oive the  neceFsarv informs- 
t i c n  to our Bomd cf ?onsultants. 

Xell, w e  ran i n t o  t h e  rroblem of which cane f i r s t ,  th= her, o r  tk.2 epg. 
How bo we Ret t h e  i n t e r s e t  of our %ember cm?anies? 
i n t e r s o t :  
ticiczf!on? 
mation? 

Hm d o  we ?et Tore 
30 we Rive then i n f o r m t i o n  end t he re ty  Eet nore r.ctive p:*- 

@r do we :?t ttleir per t ic iFCtion and t h e n  Tive t h e 3  in fc r -  
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There is no answer so f a r ,  and a F p ? r e n t l j  w e  w i l l  have t o  po throuph t h e  
same process i n  sendinp information t o  you geritlanen t h a t  we hsve cone 
through on t h i s .  

I n c i d e n t a l l y ,  out of t h i s  d i scuss ion  came the so-called idea  o f  a prin- 
c i p a l  and M a l t e r n a t e ;  and I am a f r a i d  t h a t  when our i n v i t a t i o n s  went 
ou t ,  we were not  s u f f i c i e n t l y  s p e c i f i c .  l e  meant t h a t  w e  would l i k e  t o  
have both t h e  pr inc ipa l  and the  a l t e r n a t e  a t tend these Boa-d of Con- 
s u l t a n t s  meetings, i f  possible .  

We grasp  a t  s t r a y  b i t s  o f  sunshine on personnel clearances,  but  t h e  
clouds g e t  darker and th i cke r ,  and we s t i l l  have more t rouble  t ry ing  
t o  g e t  people cleared f o r  t h i s  p r o j e c t  than I th ink  we have any reason 
t o  expect. 

A t  Oak Ridge there  has been some cur ta i lmei t  of a c t i v i t y  i n  t h e  A.E.C. 
The people working a t  the  Clinton Laboratories are i n  t h e  process of 
beinn l a i d  off .  
have A.E.C. "Q" clearances,  
can ' t  teke  them w i t h  IrQn clearances.  
and Ret a V.S.A.F. and NEPA clearance. 
t o  f i v e  rnonths. 

They h a r e  been workine: with r e s t r i c t e d  d a t a  and they 

Xe have t o  send t3em on through 
That takes  anywhere from two 

We would l i k e  t o  take them on, but we 

We have now 91 people waiting who would l i k e  t o  come t o  work, who had 
previously been cleared as f a r  as we know by t h e  Atonic lbe rgy  Comais- 
sion,  i .e. ,  have worked with r e s t r i c t ed  data.  We are  s t i l l  waiting on 
them. We have had one waitinp s i n c e  August; one w a i t h g  s ince  Septem- 
ber; two s ince  October; fourteen since November; sixty-two s ince  Decem- 
ber;  and eleven i n  January. 

For new personnel who have never been mixed up i n  t h i s  r e s t r i c t e d  data 
r a c k e t ,  we have 163 people a w a i t h e  clearance; 2: s ince  September; 
63 have heen weitine s ince October; 19, Novemher; ?6, December; 19 i n  
January. 

You know, sometimes we f e e l  we don ' t  l i v e  r igh t  down t he re  i n  N g A .  
The o ther  dav we had an a w l i c a t i o n  fkom a man t o  come i n  as chauffeur. 
I guess t h i s  b i r d  i s  probablv as well  known i n  the  MaeLat tan D i s t r i c t  
and by t h e  A.E.C. as probably any o ther  individual.  

He was u n t i l  very recent ly  t h e  n m h r  one d r i v e r  of t h e  nuqber one car  
for t h e  number one man a t  Oak Ridge. 
while.  

I think he drove for quite a 

So, heins such a good dr iver  and knowing his way aroiind, we decided we 
could probably use him. 
of course: and we f ind -- l o  and behold -- t he  A.E.C. wouldn't Rive 

But t h e n  we looked i n t o  t h e  s e c u r i t y  angle, 

him a "Qn clearance. He h a s  been i n  aU the  p l an t s ,  
t h e  Manhattan D i s t r i c t ,  d r i v i n g  generals around, bfr. 

driving i n -  a l l  
Franklin, Manager 
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of Oak Ridge, In  and out of a l l  t h e s e  places .  
"Q" c learance ,  s o  I don ' t  know what we arc EoinR t o  do. 
droDped t h a t  i n  the  U. S. Air Forces '  l a p  pe t .  

I n  regard t o  our personnel, you may be i n t e r e s t e d  t o  krow t h a t  we now 
have about h75 employees. We had 106 i n  January 1947; 283 in Janusry 
1948; ard one of  our b i a re s t  problems down there  in personnel i s  t h e  
q u e s t i o n  of houses. 

i'Je had 1 5 1  hotises i n  Janiiary 1948. Ve now hnve 17: for 475 anployees. 
There doesn ' t  seem t o  be nuch w e  can do about it. Ye get a few houses 
now and then.  I remember l a s t  summer General S h s  wrote three  l e t t e r s ,  
a t  l ea s t  three; and we m d e  numerous c a l l s  t ry ing  t o  get a house. 
f i n a l l y  got one, too;  six weeks and many hours on t h e  telephone and 
many l e t t e r s  were required t o  g e t  a house. 

They wouldn't give h im a 
V e  haven't  

He 

Oak Ridee i s  btiilding up down t he re .  
apar tments  and some new houses. 
Oak Ridge and make it a normal c i t y .  
o f  our major problems. 

The A.E.C. is bui ld in?  s3me new 

So housing i s  going to remain one 
The Comqission is endeavorin? t o  open 

Thank you. 

CHAFXAN 'i;fRD: 
b e t t e r  add gripe,  s ec t ion  of t h e  program. 

Now we have f in i shed  t h e  pol icy ,  and I guess I had 
We are down 30w t o  the  tech- 

n i c a l  angles. b 

Te w i l l  open the technica l  s ec t ion  with general  remarks by t he  ch ie f  
enEin%er,  M r .  Kalitinsky. 



MR. KALITINSKY: Gentlemen, t h e  t e c h n i c a l  pa r t  of this meeting is going 
t o  be devoted t o  t h e  presentat ion of t i i s  report, '  t h a t  t h e  menber ccm- 
panies have now received, NEPA 9eport  No. 6 on c r i t i c a l i t y  and control .  
It is  a very imposiw l o o k i w  report .  
f a i r ly  shor t ,  and t h e  r e s t  of it is t h e  appendix. 

Actually, t h e  repor t  itself is  

I would l i k e  t o  explain first t h e  r e l a t i o n s h i p  of this r e p o r t  t o  the  
previous ones, i n  p a r t i c u l a r  t o  N T A  No. 4 and NTPA ?lo. 5. 

''le have s t a r t e d  out i n  a very nm f i e l d  here,  and the re fo re  w e  had t o  
b u i l d  a cert-irl foundation f r o m  which t o  work. 
t h a t  foundation pas Remrt No. 4, which attempted t o  cover t h e  whole 
f i e l d  and set down c e r t a i n  fundamentals from which t h e  work could pro- 
ceed, and make those a7.ailable t o  a l l  t h e  people who would be working 
or consul t ing with US. 

The f i r s t  block in 

However, if you r e c a l l  No. 4, you w i l l  remember that there  were same 
significant gaps in it. 
t r e a t e d  i n  a very sketchy manner. 

AlthouEh t h e  sub jdc t s  were t rea ted ,  they were 

One of t h e s e  gaps was materials. 
NEPA No. 5. 

NOW t h a t  cap has been f i l l e d  out by 

Agah I want t o  enphasize, w e  don ' t  say t h a t  NEPA No. 5 contained any 
new materials information, 
compilation of avai lable  data on which t o  bu i ld ,  and an o u t l i n e  of a 
program by which new data  could be obtained and new materials could be 
developed . 

Hardly any w a s  in it, It nas mostly a 

The o t h e r  significant gap i n  NEPA No. 4 was on what you might c a l l  t h e  
reac t iv i ty  and controls. 
dynanics of t h e  reactor.  

That is  t h e  nucleonics of t he  r e a c t o r  and t h e  

N o w ,  NEPA No. 6, this report here, i s  a n  attempt t o  f i l l  t h a t  gap and 
provide a basic block from which we can work. There i s  s t i l l  a third 
gap in NEPA No, 4, which I vi11 just mention in p a s s i m ,  and t h a t  i s  
shie ld ing .  I don't think that P'e w i l l  have a cornerstone, because 
t h e r e  is j u s t  no avai lable  information on shielding t o  speak of, and 
a l l  of it has t o  be developed from scrat ch. 
a s h i e l d i r g  report. 
it i s  developed . 

So N3PA No, 7 w i l l  not be 
The information on shielding w i l l  be reported as 

This Re9ort No. 6 as we have it now hcre is a l i t t l e  b i t  outdated. As 
Mr. " 'ad mentioned, it was o r i e i n a l l g  scheduled t o  be prepared and pre- 
s e n t e d  sometime t h i s  summer, i n  July, I believe.  
delayed by an  unusual mount  of a c t i v i t y  in p r e s e n t i v  data, preparing 
new data, preparinF presentat ions sxd reTrts  f o r  t h e  Lexington Project ,  

Its preparation was 

and some of t h e  a c t i v i t i e s  t h a t  went with it. 
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However, t h e  report  was c o q l e t e d  in September, and i t  was ac tua l ly  
i s s u e d  on October 1. 
t o  worri r a t h e r  hard t o  get t h i s  r e p o r t  t o  you. 

Since then, as you have a l s o  heard, w e  have had 

So it  i s  a l i t t l e  outdated, but I b e l i e v e  t h a t  in t h e  d e t a i l e d  techni- 
c a l  d iscuss ion  by Mr. Cooper and Mr. Bettis, ve w i l l  tq- t o  bring you 
up t o  date. This is  not too  se r ious ,  s i n c e  I have mentimed before 
t h a t  t ;us  re?oArt i s  a foundation and i s  not  an  attempt t o  b r i q  you 
actual current developiients 

W. Cooper a i d  Kr. 2 e t t i s  v i i l l  also try t o  show you which way we are 
proceeding, i n  which d i r ec t ion  we are workiw, what our plans are, and 
what sone o f ' t h i  t h i n p  are which w e  have x t u a l l y  learned s ince  we 
mote  t h i s  report. 

I r o u l d  l i k e  t o  say a few -cords about t h e  importance of the things t h a t  
are discussed i n  t h e  rzpor t ,  and t h e i r  posi t ion i n  t h e  procram. F i r s t ,  
t h e r e  i s  the item of c r i t i c a l i t y .  I n  a few P'ords, t h a t  neans j u s t  how 
much uranium does it take t o  make a r e a c t o r  a c t u a l l y  becone a chain 
r e z c t i n :  s y s t ~ m  and a c t u a l l y  produce power. 

We know p r e t t y  w e l l  ',hat -'e can make p r a c t i c a l l y  any resc tor  t h a t  is 
s a t i s f a c t o r - .  from a heat transfer point of view c r i t i c a l .  It i s  not a 
f e a s i % i l i t y  mest ion.  
t o  knur how much uranium it w i l l  tske, of what enrichment, t o  make t h i s  
r e z c t o r  go, in aqy num5er of p o s s i b l e  conficurations,  a d  how v i11  t h a t  
i m e s t m e n t  of ura.nkm be affected by a l l  s o r t s  of va r i a j l e s .  

It is a m e s t i o n  mostly of economics. ?le want 

Th i s  type of consideration i s  extremely inportant  in what d & h t  be one 
of t h e  nos t  centra; and mst +-portant item Li the whole project ,  
m e l g ,  t h e  cstablishnent of s p e c i f i c a t i o n s  f o r  the reactor  and the  other  
c o a p n e n t s  such ;s t h e  ent-in=s, l e t ' s  say,  t h e  turbo-jets, t h e  ai rplane 
i t s e l f  a m  ti;e shield. ind t h e  estaSlishment of a set  of s?ezi l icat ions 
f o r  a l l  t k x  co .m.?ants -& ; , ich are  corLpatiSle between themselves, and 
which are  not o n l y  that, bu: urhich actuall;- rep-esent the optinum coapro- 
mise beth.een t h e  co.-iflictin, requiremsnts of x e s e  cor,pnents and of t h e  
operatin,; recuiremmts of each one of them, becaus? we rill have t o  
compomise; l i A e  in all t e c h n i c a l  endeavors be are forced t o  compromise. 
It i s  very  im?ortant t o  get a good compmI=ise, aii o p t i m a  compromise. 
So this c r i t i c a l i t j r  ;.ark is  extremely icqortant i n  j u s t  t h a t  respect.  

I b e l i e v e  a l so  it i s  oui te  i q x r t a n t  t o  mention t h a t  w t  have had t o  pio- 
neer, i n  a xay, on the methods used t o  calculate and present the  results 
of such a n  analysis of a r eac to r .  
been s implif ied bj the f a c t  t h a t  t h e  ob jec t ive  of a rezctor was c l e a r l y  
def ined  from a nuclear point  of via-i. 
p l o s i o n ,  o r  0;' plutoniun, and t h e r e  weren't thesz c o n f l i c t i q ,  requirements, 
a t  least no% t o  t h i s  extent. 

In  t h e  past ,  the appvach has general ly  

It was t h e  production of an ex- 
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SO i t  was f a i r l y  easy t o  pick one d e s i p  point and sim?ly design a 
c h i n  r eac t in -  system for t h a t  p a r t i c u l a r  point. . Here we have so many 
c o n f l i c t i n r  requirements t h a t  it is very  h p o r t a n t  t o  cover a wide range 
of va r i ab le s ,  ad t o  have a very  clear p i c t u r e  of t he  e f f e c t s  of each 
independent var iable ,  a lone  and in cornbk t ion .  

Therefore, you w i l l  see t h a t  we have aoproached t h i s  from t h e  standard 
a n a l y t i c a l  side and we have been ab le  t o  app::- the  well-known methods of 
e w i n e e r i r y  ana lys i s  t o  the  ca l cu la t ion  of reactors .  

Houever, I want t o  point out t ha t  we have not mzde any new discoveries .  
We are simply providinc t h e  basis f o r  some a c t u a l  design work on reactors .  

I would l i k e  t o  point out  again, and I th ink  t h i s  point is going t o  be 
repeated, t h a t  it i s  necessary t o  compromise between sane recuirements 
t h a t  you &ht c a l l  nucleonic requirements, and performance requirements, 
engineering recuirements of t h e  a i rp l ane  and th-e power plant .  

There are th ree  things t h a t  you can pick out as k i r i  of major importance. 
I would l i k e  t o  mention them. 

First, t h e r e  is t h e  gross weight of t h e  airplane. 
dynamic requirements of t h e  poller plant. 
t h e  compressor pressure r a t i o  of a turbo-jet .  
economy, t h e  investment in uranium, which in this case replaces  t o  a 
g r e a t  ex'ient t he  specific f u e l  consumption which is  so i r p o r t a n t  i n  a 
chemically-fueled a i r p l a n e  . 

Second is t h e  thermo- 
As an e m p l e ,  I might mention 

Third is t h e  uranium 

You w i l l  see, f o r  instance, t h a t  it is  possible  t o  design an a i r p l a n e  
f o r  a minimum gross weight, but only if you are prepared t o  allow a 
fairly l a rge  investment in uranium and are prepared t o  go t o  a high 
pressure r a t io .  

On t h e  other hand, w a i n  speakiry r a t h e r  generally,  i f  you want t h e  &- 
mum pressure r a t i o ,  you can achieve t h a t  ~ S O ,  but aKain a t  t h e  expense 
o f ,  l e t ' s  say, medium uranium investment and maxin,um gross weight i n  your 
airplane.  

AFain, i f  you want minilrun uranium investment, you can achieve that, but  
a t  t h e  expense o f  a v e r y  heavy airnlane, and again maybe m e d i u m  compressor 
pressure r a t i o .  

I n  a case l i k e  tha t ,  of course, you have t o  make a decision as t o  what. 
:JOU want t o  do, as Fhat  is t h e  r e l a t i v e  importance o f  t h e s e  considerations.  
I mean, hm imwr tan t  i s  it t o  keep t h e  gross weight of t h e  a i r p l a n e  down 
t o  some value; how hi?or tan t  i s  it t o  keep t h e  investment o f  uranium down, 
and so on. 

For this type of work, we need some good information on the  mount  of 
uranium it takes f o r  var ious reactor  configurations, various materials, 
and so on. Some of it i s  given hthI3F;report. 
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Then w e  come t o  the  :uestion of c o n t m l s .  Again it i s  p r e t t y  obvious 
t h a t  you have t o  have a power p l a n t  of t h i s  t )p  i.eU under control.  
It is a l i t t l e  nore otjvious than i t  i s  i n  a cher5caU.y-fueled engine, 
because chenicalljj-fueled e x i r i e s  carmot produce r.ore .xp;.er than is  
conta ined  i n  t h e  Laso lhe  t h a t  i s  flowiw i n t o  ti,err. frori a pipe. 

However, a r e a c t o r  ius a tremendous amount of energy stored r i g h t  i n  it, 
so t h a t  i t  can e a s i l y  -et out of control .  Sc 7o.x  cor!trol system has t o  
be adequ2te t o  control  it a t  a l l  times, even tho*&:h unlimited power is  
p o t e n t i a l l y  available.  

Then, as y ; a s  mentioned before, t h e  opera tor  of the  encines n i g h t  be t h e  
p i l o t  himself o r  a f l i g h t  encincer, and  he cannot be too involved in 
figurw out t h e  d e t a i l s  of j u s t  w h a t  i s  Foing t o  happen, and lion much 
he must a d j u s t  the  controls under c e r t a i n  conditions. So the re  is a 
very d e f i n i t e  need f o r  an automatic t p  of  control .  

In t h e  t h i r d  place, vie have a r a t h e r  unusual conbination of var iables  
and  e f f e c t s ,  with whlch we haven’t had too much p r a c t i c d  experience. 
T h a t  is, t h e  ac tua l  nechanisn by which t h e  e n e r m  is  released ii a 
n u c l e a r  process t?.s c e r t a i n  d p a m i c  c h a r a c t e r i s t i c s .  

YOU have a l l  hesrd about reproduction factors and delayed neutrons, 
poiconiw,  and so  on. 
which has a themal  i n e r t i a .  T h a t  mass in t u r n  heats a flow of a i r  
which has ce r t a in  l a ~ s  in i t ,  and that flow of air is prciuced by and 
d r i - e s  a t u r L o  com?onent, l e t  US nayT, which a l s o  !-as cer ta in  i n e r t i a  
factors a.-.d is basicall; a boot strap arrangement. 

The f i s s i o n  energy heats  up a f a i r l y  larce mass 

‘,‘le have reall:. no experience x i t h  t h e  physical properties of such an 
arrarqernent. The;- c a i  be analyzed, bct anal:.sis is always dangerous 
t o  a c e r t a i n  extent,  Secsuse one might very easikd m i s s  some of the  
h p o r t a n t  physical processes, or misjudge t h e  imortance of the  various 
ind ix , idua l  fac tors  o r  of t he  var ious constants  in a d i f f e r e n t i a l  equ t ion .  

So w e  were faced with the n e c e s s i t y  of i r i v e s t i g a t i q  t h i s  con t ro l  problen, 
and agaiii here -ile have :.,hat is no t  a proposal f o r  a control system, but 
some b a s i c  i n f o r m t i o n  p a r t i a l l y  obtained by anal.;.tical miears, and 
p a r t i a l l y  by v r h a t  you might c a l l  semi-experhentzl  means, such as elec- 
t r o n i c  d o s e s .  This information is t o  form the  basis for our fu tu re  
work. 
have done s ince  t h i s  repor t  has been m i t t e n ,  i? proceediq; onward fpom 
t h a t  basis, 

I th ink  Mr. Bet t i s  Nil1 t e l l  you about sOGie of t he  work t h a t  vie 

k a i n  here I vlould l i k e  t o  emphasize t h e  very intimate in t e rac t ion  between 
t h e  so-called nuclear phases and t h e  so-called thermodynamic or engineer  
ing phases of a nuclear p 7 e r  p l an t ,  
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For example, if you w a n t  f as t  response, it looks as though one of your 
main d i f f i c u l t i e s  i s  a c t u a l l y  the  t h e  it takes the  r e a c t o r  t o  heat  up, 
jus t  t o  heat t h e  mass of t h e  r e a c t o r ;  thermal consideration, not nuclear 
considerat ion.  

Nm, one possible way of r e t t i n g  around t h a t  i s  t o  operate  the r ezc to r  
always at  more o r  less  a constant temperature and simply vary  t h e  a i r  
flow and t h e  rate power penerat ion accordinply; then you avoid t h a t  
thermal lzg. 

Hmever, t h a t  immediately effects ;rour nuclear considerat ions because 
t h e  r eac to r s  t h a t  we have t e e n  t a l k i . v  about here genera l ly  have very 
hiph temqerature c o e f f i c i e n t s .  That is, t h e i r  r e a c t i v i t y  is affected 
by temperature t o  a very high extent.  

It also affects t h e  operat ion of your power plant,  because poss ib ly  in 
order t o  achieve this type of opera t ion  a t  constayt temperature, m u  
might not want t o  c o n t r o l  it i n  a normal fashion; but you might want 
t o  bypass some of t h e  air around t h e  r e a c t o r  t o  a g r e a t e r  o r  l e s s e r  ex- 
tent, depend& on your power. 

So you can see  how a l l  of t h e s e  thiws are h t i r n a t e l y  t i e d  together .  
The c o n t r o l  system is consosed of  s eve ra l  loops which t ake  i n t o  account 
engine speed, t u rb ine  in le t  temperature,  reactor temperature, rate of  
f i s s i o n ,  a l t i t u d e ,  a i r p l a n e  speed, and s o  on, o f  course. 

A l l  t he se  loops n a t u r a l l y  have t o  operate  as one unit, and t h e y  must be 
s t ab le .  
w e  can base our r e a c t o r  i nves t iga t ions .  

So what you w i l l  hear h e r e  is some of t h e  basic work on which 

I n  concluding, I would l i k e  t o  s a y  t h a t ,  l i k e  a l l  r e p o r t s  t h z t  are 
w r i t t e n  a t  a c e r t a i n  time, it i s  no t  complete. It does not  cover 
c e r t a i n  types of reactors .  
i n t e r e s t e d  a t  t h e  present  time. 
methods of c a l c u l a t i n g  c r i t i c a l i t y ;  however , ?:e bel ieve t h a t  it nakes 
use of t h e  best methods for i t s  purpose, because w h a t  w e  want is t o  
cover wide  r q e s  and show trends.  Huwever, if we were actual1;- pre- 
dict inF a c r i t i ca l  mass f o r  an experiment, we wouldn’t pick it r i g h t  
off t h e  curves you see here. Ye wocld recalculate  it. 

It covers t he  ones in which r;e are n o s t  
It does not make use o f  t h e  most exact 

The ca l cu la t ions  i n  t h i s  r e ~ o r t  are only as good as t h e  data on which 
t h e y  are based, and mne of t h a t  da t a  i s  n o t  very good. 
u s e  of too  complicated ca l cu la t ion  methods not worthwhile i n  somc 
ins tanccs . 

This  alsc makes 

Of course, i n  w i t e  a number of cases here, we are outs ide t h e  range of 
p r a c t i c a l  experience wi th  c r i t i ca l  masses; and the re fo re  it v:ould be 
highly des i r ab le  Lr sane of the  ?o in t s  on these curves v:ere confirmed 
by sane cr i t ical  experimentation. The same t o  s m e  extent  a p p l i e s  t o  
t he  controls .  The control  ca l cu la t ions  are based on c e r t a i n  data .r:ith 
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respect t o  delayed neutrons, xenon cross-sections,  and SO on. 
of t h a t  &ta i s  not v e r i  rood. 
c a l c c l a t i o n s  c o u l i  ti confirmed by e x p a r b e n t i d  iiork. 

Some 
It would be very usefu1.U soce of t h e  

I bel ieve ck.;t ;Gore d e t a i l s  w i l l  cone out LY b o t h  prezentations, and 
I hope i n  the d i sccs s i sns  tii-t will follow them. 

C H A I W : i  iAFD: 
t o  have a five-&Ute recess. 

I t k - k  before Mr. Cooper takes  the  p r o g m ,  we ought 

(A s h o r t  recess) 

MR. KALITINSKY: 
who ail1 t a l k  on t h e  r e z c t i v i t y  p a r t  of t h i s  re2ort .  
of ou r  Analpis Sectioc,  and as such, he handles not o n l y  the nucleonic 
analysis, but a l s o  the thermodynamics, thermal stress, heat t r a x f e r ,  
and  so on. Fron r;t?Et I have s a i d  previousl;-, you :vi11 understan.2 -;:h;r 
it i s  aSsoliite1;- e s se3 t i a l  t o  c o n 5 i x  both t h e  nucleonic, t he  t h e m -  
d~mamic, ani stress a x l p i s  ii a sinrle "orkiw rroup. 

Gent laen ,  I PJOuld l i k e  t o  introduce &. Cooper now, 
He i s  the  head 

I G h t  point ocC, that v e  have Li some kays achieved smethinc ne-iJ here. 
I tYirk --.e have provide-1 a g o u p  of vrhst ;-ou nizht. Aescriie as nucleonic 
engin3eTs. It 
i s  o h i a - s l y  sonet5irx t h a t  vi11 have t o  be done on a fairly l a rge  scale 
i f  wpc3 .re t o  have ~ r n c t i c a l  use o* atomic energy. I believe we have 
done t 'iis, 2nd it  i s  also a very important s t e p  t o  a l l ev ia t e  sone of t h e  
~ h o r t a r e  of s aec i a l i i ed  an? competent manpower t h a t  exists i n  t h i s  f i e l d .  

I don't Jcnovr of many o t h e r s  i n  t h a t  f i e l d  r i q h t  now. 

The onl- va7 t h a t  that  shorta-e can really be a l l w i a t e d  i s  not SO p 3 - L  

hv oeoole attending lec tures ,  as by people a c t u a l l y  g e t t i r g  ii and having 
t o  do t h e  work. 

Mr. Cooper. 

m. WCP32: Gentlemen, t h e  t i t l e  of NEPA No. 6 Re?ort is "Crit icali ty 
and Control." 
is goin, alon, a t  a steaQr rate of h e a t  production. 
of t h i s  same chain react ing system when you w a n t  t o  change the  r a t e  of 
h e a t  production, or sonethies when it wants t o  change the r a t e  of heat 
production a i d  you don't. 

C r i t i c a l i t y  i s  t h e  study of a chain reacting system that 
Control is t h e  s tudy 

So I would f i r s t  l i k e  t o  discuss sme of t h e  bases of c r i t i c a l i t y .  
When an aton of uraniun-235 f i s s i o n s ,  w e  h o w  that a neutron has h i t  t h e  
bu l l s  eyre. 
coiue o u t  dwi.i>: this littli eA2losion. 

Vie a l so  knm t h a t  on t h e  averade two and a half mre neutrons 

Right no~ i  I would l i k e  t o  s h i f t  over t o  100 f i s s i o n s  at a t h e ,  because 
I have d i t f i c u l t y  x i t h  these  half neutrons.  When we hav? these 100 
f i s s i o n s ,  and these take place in a c r i t i c a l  p i l e ,  t h i s  means t h a t  100 
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of t h e s e  250 neutrons have t o  be reserved t o  cau$e new f i s s i o n s  so t h a t  
we can continue t h e  chain reaction. 

So t h e  basic s t u d i e s  in c r i t i c a l i t y  are, what happens t o  t h e  o the r  150 
neutrons. 
without c a u s i w  f i s s i o n ;  or they can escape f r m  the p i l e  completely. 

Two t h inps  can happen. They can be absorbed i n  the  p i l e  

@n t h i s  cha r t  I have shown n!iTe t h e  neutrons €0 i n  th ree  d i f f e r e n t  
types of r eac to r s .  
Hanford one. ?ese n a t u r a l  uranium r e a c t o r s  ?-re t h e  ones we hear most 
about,  and t h e  t o t a l  length of t h e  c h a r t  here represents  t he  250 neutrons 
pe r  100 f i s s i o n s .  
reserved t o  cont inue t h e  chain rer-ction t h a t  have t o  cause xore f i s s i o n s .  

F i r s t  is t he  natural uranium reac to r ,  such as  t h e  

The red portion r ep resen t s  t h e  100 neutrons that are 

The white p a r t  r ep resen t s  the  number of neutrons t h a t  are absorbed in 
t h e  p i l e  without causing f i s s i o n ,  and t h e  b lue  p a r t  represents  t h e  
neutrons t h a t  l e a k  out i n to  t h e  wild blue yonder . 
As you know, i n  a n a t u r a l  uranium p i l e ,  w e  have one a t m  of uranium-235 
which i s  f i s s i o n a b l e ,  t o  139 atoms of uranim-238, wLhich is  r e l a t i v e l y  
non-fissionable. T k  uraniun-238 i s n ' t  j u s t  sitting there .  It is  
grabbiaC; some of t h e  neutrons; and as f a r  as continuing t h e  chain r eac t ion  
a t  t h e  time i s  concerned, ;re c a l l  t h a t  absorpt ion,  and it is non-pro- 
duct ive from t h a t  s t and-p in t ;  although from t h e  Hanford standpoint it 
i s  quite product ive since nost  of i t  is f o r i L i g  2lutonium. 

One hundred neutrons of t h e  250 noli are g o i q  t o  continue the  chain 
react ion.  One hundred and f o r t y  are hi.% absorbed i n  t h e  reactor .  
Ten escape or l e a k  outside t h e  p i l e  and are gone forever. 

Let's take another  extreme. 
r eac t ion  i n  a mixture of pure uranium-235 and a moderator, graphite.  
I n  t h i s  case w e  would f i n d  of t h e  100 f i s s i o n s ,  a&ain 250 neutrons 
produced; 100 reserved t o  continue t h e  chain react ion;  25 being absorbed, 
mostly i n  t h e  uranium-235 without causing f i s s i o n ;  and 125 escaping. 

Suppose t h a t  -;;e wanted t o  se t  up a chain 

In  NEPA No. 6 we present a design studg. of a r e e c t o r  which could possibly 
be considered as beirq: a p r a c t i c a l  type of reqctor ;  t h a t  is, it is not  
one extreme or t h e  other .  It i s  a reasonable s ize  and it has reasonable 
materials i n  it. 

%en you put reasonable materials in a r e a c t o r  fran the  construct ion 
point  of view,  t hey  seem unreasonable t o  the  neutrons; and some of t h e  
neutron: are absorbed. So n e  find i n  t h i s  case, 250 neutrons again 
pe r  100 f i s s i o n s ,  100 reserve t o  continue t h e  chain r e x t i o n ,  65 ab- 
sor5ed i n  t h e  Tile without causing f i s s i o n ,  85 escapi,ng. 

.. 
:.%at i s  t h e  s ignif icance of 
n e c e s s a r ; ~  i n  a reactor. It 

a l l  t h i s ?  As TU know, this leakage i s  
i s  not possible  t o  put sone kind of a 
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barrier or memSrana around t h e  ou t s ide  of t h e  reactor  and prevent all 
t h e  neutrons from leaking. 
t h e  atms i n  there ,  and i f  one of t h e  neutrons happens t o  see a hole 
t h a t  leads t o  the  ouCside of the p i l e ,  i t  makes a bee-line f o r  i t  and 
g e t s  out.  

The neutrons always see sone holes 'cetween 

;(e can put a r e f l e c t o r  around t h e  p i l e  and try t o  prevent t h e  leakaGe, 
but  vie can o n l y  prevent some of t h e  leakage. There w i l l  always be some 
neutrons t h a t  leak. 

So we only have t h i s  l i t t l e  margin of t e n  neutrons out of 2% t h a t  we 
can allow t o  leak i n  t h e  case of t h e  Hanford p i le .  
t h e  p i l e  d i c t a t e s  bas i ca l ly  t h a t  UO w i l l  have t o  be absorbed. 

The construct ion of  

So, hom do we achieve t h i s ?  How can we keep t h e  leakage down t o  only 10 
out  of 25O? We have t o  cut down on the  r a t i o  of the  surface through 
which leakage occurs, t o  t h e  volume in which the  neutrons ra t t le  around. 
To keep this r a t i o  down, we have t o  have a l a rge  p i l e ,  and these  are 
l a r g e .  T h a t  is, I an talking of sanething 20 f e e t ,  of t h a t  order. 

I n  the  enriched reactor ,  when we Eet r i d  of the  uranium-23S o r  most of 
i t ,  w e  can have as much as 85 of t h e  250 neutrons leak. 
don't have to  be nearly so c a r e f u l  of h o l d i q  down t h e  r a t i o  of t he  a rea  
th roufh  which it leaks t o  t h e  volume i n  -i!hich t h e  neutrons r a t t l e  around. 
So we can have a o rac t i ca l  size. That  is, by p r a c t i c d ,  I don ' t  mean 
t h i s .  I mean s m e t h i w  l i k e  t h i s ;  somethiw l i k e  tha t ,  severa l  fee t ,  
a s ize  t h a t  TU ca i  consider would be capable of powerine an a i r c r a f t .  
So t + a t  is t h e  f i r s t  consideration. 

This means w e  

If w e  are stuck w i t h  natural uranium f o r  our g i l e ,  it has t o  be a big 
one and i t  caniot f l y .  
it small, a l l  hecause of t h i s  leakaFe. 

!'hen w e  can have enriched s t e r i a l ,  we can have 

Another th ing  Aou t  t ha t .  
materials in t h e  p i l e  for coat ing a s t ruc tu re ,  o r  somethin;; of the  s o r t .  
T h a t  would tend t o  absorb mre neutrons,  

Suppose it is found necessaq  t o  put in mre 

L e t ' s  take the  NEPA study. 
absorbed. 
p i l e  and said 75 had t o  be absorbed. 
i n s t e a d  of 85 would be l e f t  t o  leak.  
p u t t i n g  ii more uranium. 

No\;, what would hagpen t o  the  Hanford people if sonebody said,  "YOU .have 
t o  put i n  some more absorber t o  t h e  extent of 10 neutrons out of 2 5 ~ ~ 1  
That would l a v e  none t o  leak whatsoever; s ince we have sa id  t h a t  we 
c a n ' t  prevent lea lace  al together ,  you just could not make this p i l e  
c r i t i c a l  

Here we have 65 neutrons of the  250 being 
Suppose t h a t  we had t o  change t h e  spec i f ica t ions  o f t h i s  

That would mean, then, t h a t  75 
We cou ld  take care of this by 
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So it i s  n i c e  t o  know t h a t  i n  one sphere  of a c t i v i t y ,  t h e  achievement 
of c r i t i c a l i t y ,  t h e  problems of NEPA are easier  than t h e  problems of 
some o the r  r e a c t o r  people. 

Now I would l i k e  t o  ret into t h e  s o r k  t h a t  we have done on c r i t i c a l i t y .  
F i r s t  a sketch of the  type of r eac to r  t h a t  we have s tudied.  
mensions should not be scaled. 
c h a r t s  . 

These di-  
?;orkin;- f iFu res  are given i n  t h e  l a t e r  

This  p i &  port ion i s  the  core of t h e  reactor .  
f i s s ionaS le  material, uranium-235, and moderator. 
t h e  purpose of moderator. 
down t h e  neutrons. 

The core contains t h e  
I think p u  a l l  know 

Xoderator i s  i n  t h i s  t ype  of r e a c t o r  t o  slow 

Neutrons come out of f i s s i o n  a t  a n  ave ra re  speed of about 50 mil l ion  
miles per hour. 
moderator, the? are crawling aloq- a t  only about 5,000 miles p e r  hour. 
The rezson we want t o  slow them down i s  that a uranium atom looks bigger 
t o  a neutron which i s  crawline alon,-  a t  t h e  5,000 miles  pe r  hour t h a n  
it does t o  a neutron which i s  zipping along a t  50 mi l l i on  miles per 
hour, o r  anywhere i n  between. 

'.':hen they ge t  slowed down as best as they can by t h e  

If t h e  uranium atom looks b i g  t o  t h e  neutron, t h e  neutron has a be t te r  
chance of smashiG i n t o  it and causing fission. 
neutron can z i p  r i g h t  past  i t  and has a bet ter  chance of escaping corn- 
p l e t e k  out of t h i s  system. 

If i t  looks small, the  

The Viw we have t o  com2ensate then, if t o o  many neutrons are goin; t oo  
fast ,  we just  have t o  put more atoms of uranium i n  t h e r e  so t h a t  t h e  
sum t o t a l  looks b i g  enoq:h t o  t he  neutron. 

So here t h e  co re  contains f i s s i o n a b l e  m a t e r i a l  and the  noderator. 
Around the  core i s  a r e f l e c t o r ,  which i n  our s tud ie s  we have assumed 
t o  be the  sane material as t he  moderator. Through t h i s  r e f l e c t o r  and 
core,  ore have channels f o r  t h e  coolant  t o  I:O in and out.  I w i l l  put 
t h i s  cha r t  over here, and i f  a?y are interested, t h e y  can r e f e r  t o  it 
later on. 

Mr. Kali t insky mentioned soae of t h e  p r a c t i c a l  considerations t h a t  ::.e 
have t o  kee? i n  mind In our s tudies .  
problem. 
flown, t h e  r e a c t o r  and t h e  r e f l e c t o r  hzve t o  be snrall, as small as 
possible .  
l i p h t e r  t h e  sh ie ld .  So we are i n t e r e s t e d  i n  t h e  range of  -11 r eac to r s  
i n  t h i s  case f o r  shield5r.g. 

S h i e l d h z  is  probably t h e  bizgest  
T h a t  i s ,  if w e  are goinr t o  have a sh ie ld  l i g h t  e n q h  t o  be 

Le t ' s  say t h e  smaller t h e  r e f l e c t o r  outs ide diameter, t h e  

The therumdynamic problems of pressure drop and heat t r a n s f e r  bring up 
tAe question of t h e  coolant holes. 
coolant i n  and out,  and we have t o  have area i n s i d e  the  p i l e  t o  transfer 

have t o  have holes t o  get t h e  
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t h e  heat.  
r e a c t o r  wants t o  be. 
d;.namic considerat ions of pressure dro? and heat  t r zns fe r  want a b ig  
reactor . 

The more coolant we want t o  p t  throuch, the SigEer the  
S h i e l d i q  now Fants  a small reactor;  t h e  thermo- 

Uranium investment i s  reallj- what we are solv- for, but i n  these s t u d i e s  
we aren’t  j u s t  i n t e r e s t e d  i n  find%- out vha t  aciount of urzniurr. i s  re- 
quired i n  a s iven  type of reactor .  ‘de w z n t  t o  invest igate  t h e  regions 
that will s a t i s f r  t h e  shieldin& and thermodynamic requirements as wel l  
as poss ib l e  a d  s t i l l  have no more uranium present than i s  necessary. 

The weight of t h e  r eac to r  i t se l f  I put a t  t h e  last ,  because any reac to r  
niiich i s  shielded has a weight which i s  a s m a l l  f r ac t ion  of t he  s h i e l d  
weight . 
These d e s k n  considerations l ead  us t o  i n v e s t i g a t e  the  c r i t i c d i t y  
r q u i r m e n t s  of r e a c t o r s  over q u i t e  a rance of variables. 
l i s t ed  these  var iables .  Basical ly  the re  are t h ree  of them: The core 
size. The core, r e m a b r ,  contains f i s s i o n a b l e  material and noderator,  
SO we have t o  have a range of core s i z e .  
=:lector around t h e  outs ide of t h e  core tends t o  bat  back any neutrons 
t h a t  are t @ n g  t o  escape and enables us t o  ge t  away i:ith less uranium 
LTvestment. Coolant f lov  arez. That is t h e  area through which the  
coolant hzs t o  F e t  i n  and out of t h e  core. 

Here I have 

Reflector  thickness. The 

So, i n  makin? fkese  s tud ie s ,  f i rs t  we hzd t o  t a k e  var ia t ions of core 
s ize ,  r e f l e c t o r  thlckness ,  m d  coolant flow area. ;Ve <id t h i s  f o r  a 
s b ? l i f i e d  system of uranium-235 and moderator. 

I?. .?1s . 
yaries r5 th  t h e  core  diameter, t he  diameter of t he  portion of t h e  
re‘ c t  or containing t h e  f i s s ionab le  material and noderator . 

char t  skorz how t he  weight of uranium necessery f o r  c r i t i c a l i t y  

There are th ree  d i f f e r e n t  moderators shown on here, the three which are 
discussed i n  !.%?A No. 6, and which we hzve worked w i t h :  
b e r y l l i u n  oxide; and berylUum carbide. You can see t h a t  in a l l  of 
t h e s e  we start out  with a small diameter, t h a t  is, a small size core. 
T h i s  core, by t h e  xay, has no r e f l e c t o r  around i t ,  no coolant holes 
t o  s implify the  discussion. 
have a high amount of uranium required. 

Graphite; 

lie start out with t h i s  small core, and ne 

*,;e make t h e  core bigger and t h e  a,,ount of uraniuri required goes dovm. 
‘ilhy? IL ccaes back t o  t h i s  quest ion of t h e  d i spos i t i on  of t h e  250 
neutrons. One hwdred  have t o  maintain the  f i s s i o n  chain resction. The 
o t h e r  150 are i;oiQ- t o  s2lit i t  between leakini: and Lbsorption. 

Li t h i s  case 1;Iiere we had ?ure uranium-235 and moderator, about 25 of 
t h e  neutrons were absorbed and 125 leaked. 

I I 8 5 w  
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If we have a small diameter core here, t h e r e  i s  not  enowh noderator 
t h e r e  t o  do a very good job of slowin& down t h e s e  50 mil l ion-ni le-  
per-hour neutrons, so  t h a t  some of  them w i l l  slow down p r e t t 7  well. 
Some of them w i l l  no t  s lo r ,  down very much. 

The Ones t h z t  do not s l o ~ :  d w n  very nuch have a good chance of escaping. 
To keep the f i s s i o n  process &oiq: ,  t h e  chain reect ion,  we have t o  nut in 
mre atoms of uranium-235; so  t h a t  as far  ? S  t h e  neutron i s  concerned, 
if it cannot see  b i g  atoms, a t  l eas t  it can see a number of small atoms 
of uranium-235. 

Then as we go out i n  diameter here, :'*e out i n  more roderator ;  the  neutrons 
are able t o  slow down better. 
t o t a l  uranium i s  rewired. 

I n  t h e  case of carbon, j-ou can see t h a t  f o h c  from perhaps 3 1/2 feet ,  
a t  200 pounds of uranium, t o  4 1/2 feet a t  about 50 pounds, is qu i t e  a 
s u h t a n t i a l  savinr  i n  t h e  uranium investment by going up in size.  

The uranium atom looks bieger,  and less 

As for beryllium oxide and ber,.U.ium carbide,  t h e y  are bet ter  moderators 
t h a n  graphite.  Re- 
member t h a t  t h e  neutrons slo:;. dovin by g i v i q  a kick t o  the  atoms o f  t h e  
moderator, and you can kick a small atom le t te r  than you can kick a 
heavier atom. 
t h e  neutron w i l l  l o s e  more energy pe r  c o l l i s i o n ,  and vie say t h a t  t he  
be ry l l i ua  compounds are b e t t e r  moderators. Thej- do t h e i r  job b e t t e r  
t h a n  t h e  graphite. So throughout t h i s  ranze t h e  Seryl l iun compound 
noderators emble us t o  have less  uranium f o r  a Eiven s i z e  r e i c to r .  

They do a better job of slowin[ t h e  neutrons down. 

The beryllium aton is lighter than t he  carbon. Therefore, 

Incidental ly ,  you can carry this a r g u e n t  t o o  far. That is, x i t h i n  
reason, as we increase the  m o u n t  of modtrator, t he  urvliurn investment 
goes down. 
of s lowiw dovn t h e  neutrons. 
t h a t ,  we j u s t  c a m o t  s lo~ . ;  them down any more than t o  the rna l  equiliSrium 
of t h e  moderator. So t he  bene f i t s  s t o p  after some diameter. 

ht af te r  a c e r t a i n  , o in t ,  '::e a r e  doinE a p r e t t y  cood job 
If ;*e trj t c  make it any bi,c,er t han  

Next t h e  r e f l e c t o r  thicknezs. We have taken a g r q h i t e  r eac to r  which 
has a four-foot core and a free flow r a t i o  of -3. I w i l l  have t o  def ine 
t h a t .  

- Remember ve h:ve coolant Channels i n  t h e  core, and i f  we t ake  t h e  area, 
t h e  t o t a l  crosF-sectionzl area, of t h e  coolant channels and divide t h a t  
by t h e  cross-sectional area of t h e  core, we :et t h i s  so-called f r e e  
flow ratio; and rhen  we h-ve .3,  t h a t  means 30 percent of t h e  cross- 
s e c t i o n a l  area of  the  core i s  taken up by coolant holes. 

T h i s  was a graphi te  moderated r e a c o r .  
a';eay with no r e f l e c t o r  a t  a l l ,  zero t!iickness, we would have e igh t  or 
ni2e hundred pounds of uranium-??5 reauired.  
foot in t h i c h e s s ,  v-e get down t o  about 1' murids. So, from the  stand- 
a o i n t  of reducinF t h e  amount of vzRi~-235 required,  you can see  it i s  
q u i t e  desirable  t o  ha le  a r e f l e c t o r .  

You see, i f  vie t r y  t o  ge t  

If ,:e go up t o  about a 
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Now, h?re again ne start t o  l o s e  out on t h e  percentage gained :f we go 
t o o  far. 
of k e e p i q  i n  a cood percentace of t he  neutrons t h z t  are t r j i n g  t o  g e t  
anay from the  p i l e .  
i n ,  but i t  dois not save us much in uranium. 

?hat i s ,  around a foo t  or so ne have done a p r e t t y  fa i r  job 

If we double t h a t  thickness ,  we keep a f e w  more 

As one r;port put it also,  "Frofii e.conor.uc considerations, an in f i . i i t e  
r e f l e c t o r  i s  i i ip rac t icz l . "  That was not  our re?ort. 

The t h i r d  va r i ab le  vie studied v:as the  f r e e  flov: r a t i o .  
q u i t e  des i r ab le  to  calct l la te ,  but you cannot ge t  much heat out of it. 
So w e  Yiant t o  s tudy t h e  e f f e c t  on uranium vieight of changing t h e  r a t i o  
of flovr area i n  t h e  core t o  t h e  cross-sect ional  area of t h e  core ,  o r  
t h e  free-flow r a t i o  . 

A s o l i d  co re  i s  

If we have t h i s  s o l i d  reactor ,  which is  four feet in diameter, t h e  core,  
and has a one-foot r e f l e c t o r  around it ,  wd f ind  t h a t  if t he re  are no 
coolant holes a t  a l l ,  v:e need perhaps seven p2unds of uraniun. 
of it is coolant holes,  then w e  need mafie 70 nounds of uranium. 

If ha l f  

mat is t h e  reason f o r  this? We w i l l  loo:: a t  t he  neutron acain. If v.e 
have coolant holes i n  the  core,  we do not  have noderator where t h e  ho le s  
are. 
down t h e  neutrons. Faster  neutrons do not Fet as rood a view of the  
uranium. That is, t he  uranium does not look as b i ?  t o  them. They have 
a bet ter  chance of escapiry. 

Whatever moderator we do not have t h e r e  does not help in slowiqq 

"e j u s t  have t o  put i n  more atoms o f  u x n i m ,  therefore ,  t o  compensate 
f o r  tha t .  

These curves so far have been Tlotte! with the  ordinate uranium weight. 
For use the o t h e r  enp inee r iw  grouqs considering t h e  thenod-manics 
and the a i rc raf t  p a r t  of t he  b i c tu re ,  i t  is f recuent ly  des i rab le  t o  make 
cross ? lo ts .  

This curve has t h e  core  diameter p lo t t ed  t o  the  r i g h t .  In  a l l  of t hese  
s t u d i e s  I should have zentioned before t h e  core length i s  assumed equal 
t o  t h e  diameter. 
r e f l e c t o r  or  diameter ? lot ted up. 
t h e  core diameter, p lus  twice the  r e f l e c t o r  thickness. 

The core diameter i s  p l o t t e d  t o  t h e  r i g h t  and t h e  
That i s ,  t he  rei ' lector  diameter ecuals 

T h i s  happzned t o  be done f o r  a beryllium oxide moderato;. at a free flow 
r a t i o  of .3 again. 
No. 6, so I v A l l  not co,ment on the  p a r t i c u l a r  shapes of then here. 

These curves are discussed m r e  a t  length in NEPA 

Since preparing NEPA No. 6, we h a 2  e::?erimented with other wars of 
p l o t t i n g  t h i s  in fomct ion .  
o:dde rooderator. 
mean. 

Here i s  one such vay, a l a i i  f o r  be r j l l i um 
I w i l l  go a l l  over thLs and then e w l a i n  what t h e  items 
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l e  p l o t  o $ h m  free flow r a t i o  aCainst  t h e  f r e e  flow area, t h e  coolant 
flow area,  with l i n e s  of core diameter and u r g n i h  weight on here. 

Now, f r e e  f lov  area is  j u s t  t h e  cross-sect ional  a rea  t h a t  t h e  coolant  
has t o  go throb;h. 
c o o h i t  area t o  the  cross-sect ional  area of t h e  core. Opthiurn we have 
defined i n  t h i s  case as being t h e  f r e e  flow r a t i o  f o r  a given ui-anium 
investment, uranium-235 weight, which gives  us t h e  smallest t o t a l  volume 
of core and r e f l e c t o r  t o  shield.  This  c u r e ,  then, was prepared from 
t h e  sh i e ld ing  point of view. 

We m e m b e r  free flow r a t i o  i s  the  r a t i o  of the  

Suppose someone sa id ,  "Not one pound more than 50 f o r  uranium-235.1' 
Okay; we are s o i n p  t o  have 50 pounds of 7 7 r a n i ~ - 2 3 5 .  
d y n d c s  people  say, We have t o  h a w s i x  sauare feet  of flo?; area." 

The thermo- 

Then from this we can f ind  aut what t he  optimum f ree  flow r a t i o  is t o  
make t he  shieldin-  problem as easy as possible;  t h a t  i s ,  t o  have the  
mi?-hum volume t o  be shielded. 

So Y;e look along t h i s  curve and w e  f i n d  o u t  t h e t  it  i s  perhaps .4. 
The?., by chasing dorrn sane o t h e r  curves,  v:e %ill f i n d  out what r e f l e c t o r  
thickness  t h i s  requires .  

Incidentalk:, t he  way it turned out  in this case, if a e  have these  
problems, we are  s tuck with a given amount of uraniun weight t h a t  we 
c a n ' t  exceed, arid .;.e are s tuck with a given flo-.- area f o r  p a r t  of t h e  
range here, it is found d e s i r a b l e  t o  hzve a bare reclctor, a r eac to r  with 
no r e f l e c t o r  E t  a l l .  
nesses of r e f l ec to r .  

For some of the  rest of i t  k.e need varfiflg thick- 

The jmrtion t o  the  r i g h t  was t h e  bare r eac to r ,  and down here w e  got up 
t o  p e r h a 9  six inches thickness  of r e f l e c t o r .  

These lines a re  constant  core  diameter l ines ,  t h e  dotted l ines;  and t h e  
s o l i d  l i n e s  a r e  uranium weight. 
geoce t r i ca l  considerat ions,  would give us t he  core thickness, t h e  re- 
f l e c t o r  thickness,  f o r  a midmum t o t d  volume t o  be shielded, if the  
other  engineeri,ng groups spec i fy  t h e  coolant flcw area and t h e  uranium 
weight. 

So this, in conjunction with sone s b p l e  

There are a l l  s o r t s  of ways of p l o t t i n g  this type of information, a l l  
sorts of parameters. General E l e c t r i c  had a report  that cane out l a s t  
October i n  which t h e y  have considered heat transfer and thermal stress 
requirements in w i t h  t h e  uranium weight. So, f o r  p a r t i c u l a r  purposes, 
you can ge t  a l l  s o r t s  of cross plots .  
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These s tud ie s  and most of the r e a c t o r  s tud ies  tkt  have been made so 
far a t  o t h e r  places,  as w e l l  as NEPA, were made with p r e t t y  s impl i f i ed  
systems, as i n  our case we j u s t  took pure uranim-235, pure moderator. 



'*en it comes t o  a p r a c t i c a l  desipn study, you have t o  consider some 
o the r  va r i ab le s ;  f i r s t ,  temperature. 
far, it was essumed that t h e  reactor was a t  mom temperatcl.e. 
w e  heat t h e  r e a c t o r  up - tk.at i s ,  a remirement of any power r e a c t o r  
is  t o  rn D r e t t -  hot - t h e  moderator a tom are ra t t l iw around a l o t  
fas ter  than the- are i n  a c o l d  r eac to r .  

I n  t hese  s tud ie s  presented so 
When 

That means t h e  neutrons t h s t  slow down to t 5 e  thermal equilibrium wi th  
t h e  moderator a r e  r a t t l i n f  around faster, and t ? e  u r a n i m  ioes not look 
as big t o  them. 

So when we consider e leva ted  temperature, we are then faced w i t h  t h e  
problem of put t in€.  in more uranium t o  compensate. 

Coatings and s t ruc tu re .  
KZFA KO. 6, t h e  mter ia l s  people s p e c i f i e d  a possible  coating material, 
s i l i c o n ,  which ;,auld p r o t e c t  tk:e moderatcr, graphite in this case, from 
oxidation. I n  add i t ion  t o  t h a t ,  it would protect  t h e  coolant strevn 
from t h e  f i s s i o n  products,  t h e  r az ioac t ive  :;orticris 01 tP.e uraniun a t o m  
t h a t  have s?lit. 

This s i l i c o n  and t h e  other  structul.es L?volved in t h i s  s tudx unfcr tunately 
absorbed some neutrorfi . 

In  the  design study tha t  was reported in 

Depletion. Althouch it is possible t o  ,ret an enornous anount of wvrer 
out of a l i t t l e  b i t  o f  urwiui, in a power r eac to r  t h e  uranium used up 
i s  not inconsiderable.  To g e t  100,OOO kilowatts of heat e n e r G  for a n  
hour, rre are burn- up about a hundredth of a pound of uraniuin; and f o r  
an a i r c r a f t  r eac to r  which mz:-be seve ra l  hundred thuusand ki lowatts ,  
operat ing fo r  upward o f  ten hours per ,mission and a number of missions,  
t h e r e  will be an appreciable  amount of uranium consumed on the  o rde r  of 
some potinds or some f r a c t i o n  of a pound. 

More *portant from t h e  c r i t i c a l i t y  s t a n d n o h t  i s  t h e  f i s s i o n  products, 
sone of which absorb neutrcns very s t r c x l y .  

Ye have t o  out i n  uranium t o  compensate for terrperature, c o a t a s  and 
s t r u c t * x z ,  depletio::, and fission products so far. The coolant r v i l l  
a lso aLsort, some more neutrons. 

If we v.ant t o  i r o n  out t h e  paver 6 i s t r i h t i o n  t o  he constant i n  some 
p a r t i c u l a r  direct ion,  we also have t o  ?nt i n  sone more ursr.ium. 
d i s c c s s  that i n  t h e  next cbar t .  

I w i l l  

Enrichment Ye are not goin-. t o  have pure uranium-235. There w i l l  be 
some uranium-238 mixed i n  w i t h  it. J u s t  how much, t h a t  is  an economic 
quest ion maid,-; but we have t o  know t he  e f f ec t  of it. 
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N m  f o r  this poorer d i s t r i b u t i o n .  I t h h k  ~ rou  have a l l  k e n  acnuainted 
n i t h  the  p r i n c i p l e  t h L t  i n  nost  r e a c t o r s  t h e r e  i s  a high concentration 
of neutrons banging around i n  t h e  middle of t h e  r ezc to r ;  and as we EO 

out toward the  s ide ,  t h e r e  a r e  fewer and fe::er neutrons. 

General ly ,  t h e  u r a n i m  i s  d i s t r i b u t e d  evenly throughout t h e  r eac to r ,  and 
t h i s  means t h a t  if t h e r e  ;re fewer neutrons t o  czuse f i s s i o n  at the  out- 
side and t h e  s z e  amount of uraniun h a &iver, space, t he re  w i l l  be fewer 
f i s s i o n s  occurring in a given volw.e, and t h e  poi-;er will a l so  f a l l  o f f  as 
w e  go away f r c m  the  center .  

An i n t e r e s t i w  ef fec t  of t h e  type of r e a c t o r  such BS t h e  design study we 
made i n  NEPA No. 6, i n  this case a good percentage of t he  neutrcns caus- 
ing  f i s s i o n  w i l l  not come do::n t o  t h e r m 1  energy. The;. .:/ere s t i l l  going 
a l o n r  p r e t t y  fast . 
As I pointed out before,  a fast  neutron has a b e t t e r  chance of escapinc; 
so i n  t h i s  case n u i t e  a fe17 of t hese  neutrons w i l l  escape aut of t h e  core 
represented  & t h i s  space here L?to t h e  r e f l e c t c r .  
made of moderating material, so  t h e t  scrne of t hese  fas ter  neutrons t h a t  
eSC2bed t h e  core would be slowed down i n  t h e  r e f l e c t o r  and bounced back 
arain. 

''Then t h e y  cane back slower tkan the: l e f t  it, that meant t h a t  t h e  uranium 
a tonz  looked '?ie,;.er, and t h e 7  had a k t t e r  chance of causinF f i s s ion .  
So w e  have a n  a c t u a l  uosurge of wwer ?ro.Iluction out near  t h e  Socndary 
of t h e  co re  and t h e  reflector. 

The r e f l e c t c r  was 

This i s  r u i t e  a break, if w e  want t o  l e v e l  out t h e  power d i s t r i b c t i o n  
across t h e  r eac to r ;  and we do i n  a r a d i a l  d i r ec t ion ,  at  l e a s t  as far as 
t h e  thermodynamic recuiremects are ccncerned. 

T h i s  means th;t i f  vie w a s t  t o  re-shuffle t h e  ur&u i-7 here and add 
some more so t h a t  WE w i l l  have constant power producticn acrozs :::e 
r a d i u s  and have t h e  r e a c t o r  rwLzln c r i t i c s l ,  we can do it in t h i s  type 
of r e a c t o r  wi th  a sanewhat rehsomble a d d i t i o n a l  incre.zer.t of uranium 
i r ~  t h e  o r d e r  of 10 percent ;  whereas if vie had a r eac to r  which was con- 
p l e t e l y  thermal, it would require  much more uraniun t o  t r y  t o  a$?roxbate  
a constant  power l e v e l .  Ne rrocld not h a e  t h e  aavaritaye of t h i s  self- 
levell in;;  e f f e c t  . 
There are a nmber of f u r t h e r  s t u d i e s  t h a t  w e  irAte2d t c  _ret b t o  in 
c r i t i c a l i t y .  Sone of t he  more i n o r t a r i t  cnes are l i s t ed  here. 

F u l l  effect  maps are shown as nur.iber one 
t h a t  I showed ;-ou i n  t h e  earl; >art of t h i s  t a l k  ::as t o  BSSLGE tha t  t h e  
r e a c t o r  was coxosed  on17 o f  th: f i s s iona5 le  nater iz l  sfid t h e  mo2erator. 
When t h e  thernod:mamics 2 e o l l e  and t h e  a i r c r a f t  desi23 people took those  
maps, t h e y  took i n  ot'?er comidera t ions  Li t0  account, a r r ived  a t  sorie 
d e s i z n  poin t  xhich is discasscd i n  NEPA No. 6. 

N o w ,  what we did in t hese  aaps 

T h a t  i s  B design ,point 
for a p a r t i c u l a r  study. .. 118518b I i  

49 



ziis ciesi -n 20i.iL ; i Z S  S C  bjc,  I t  had SO ~lucn uraniun in i t ,  i’, had a 
c e r t a i n  f r e e  f l z - . ,  r a t i o ,  bu t  it d i d  not consider tl:ese otller sractical  
c o n s i d e r a t i c n s  of pciso:is, deJlet ion,  te.+erature, and so 011. 

So what, ;;e d i d  t h m  v:as t o  choose a des i -n  -miit .  ‘cased ori t h e  sThpl i f ied 
rnaps and ti l22 LO hc : :  a-id recnec:: t h i s  design ?c>lt for  t h e  e f fec ts  of 
Lie a d d i t i o n a l  c o x i d e r r t i o n s ,  and -#.e rzrrived a t  a ne-.r i ei:!it; of u r a q i x .  
I n  t:-.is case,  t e n  sounds of uraiu-1, -;:ere recuired our irlitial stuciies; 
and when : .e  have rechecked and used a ‘cetter method of calculatin:, it 
:vas found t h a t  3G poimds of uraniun were recui red ,  a f a c t o r  of about four 
t o  one. 

I n  a d d i t i o n  t o  t h a t ,  we found out t h a t  t he  desi,:n point -nay have been 
d i f f e r e n t .  The t r e n d s  -;:ere different when ::e considered t h e s e  o t h e r  
effects  such as ooisons. 

In i l l l l s t r a t i o n  o f  th.at, i f  we :kve no poisTys LT a p i l e ,  no extraneous 
poisons,  thz \ir-er t h e  +le, t h e  S e t t e r  off  - e  are i n  Eeneral. 
can make some s a v i y s  i n  uraniu! by making a l i t t l e  b ig -e r  p i l e ,  more 
m d e r a t o r ,  leF* escape area t o  vol.me r a t i o .  %t w%en we star t  pu t t ing  
soTe mison?  i n  FUC? 2s t h 2  c o a t i T  materisls reauired t o  keep t h e  
moderator from oxid iz in-  and keep t h e  f i z s ion  products from t h e  r ezc to r  
coolant; nhe3 w e  s t a r t  wttiru- t h e s e  Fi, then we f ixd  t h a t  a f t e r  a 
c e r t a i n  po in t ,  makinr t he  r e a c t o r  bigFer ac tua l ly  costs us more uraniun. 

So maps prepared v i t n  a c t u a l  d e s i m  considerations nay Eive you q u i t e  a 
d i f f e r e n t  optimux o v e r a l l  desi)-n ?oi;:t f roz  t h e  simp13 m p s .  
make s m e  raps of varyi‘y s i z e ,  f r ee  f lov  r a t i o ,  r e f l e c t o r  t h i ckness ,  con- 
s i d e r i x  these  operati.% effects  . 
Fas t  r e a c t o r s .  It is possible t o  have a chain reactio;: without slovtiry 
down t h e  neutrons, and t h i s  x o u l i  be of p a r t i c u l a r  value ii t h e  case of 
l i q u i d  metal-cooled r e a c t o r s  w k r e  they can be made s n a l l e r .  So we x;: 
g e t  i n t o  sone s t u d i e s  of fast  reactors.  

We 

;Ye want t o  

, 

The geor;letr;r of t h e  r e a c t o r s  s tudied so far has been this square cylinder 
w i t h  t h e  l e n g t h  equal t o  t h e  d i m e t e r ,  and a r e f l e c t o r  around it. Sone- 
tines t h e r e  a r e  demands f o r  c r i t i c a l i t y  s tud ies  on d i f f e r e n t  geonetr ies .  
For w . p l t ,  sa13 peollle are  k i c k h g  around t h e  i d e a  of b r i i g i n g  t h e  
coolant  i n t o  t h e  center of t h e  reactor  and pushinc it out t o  both ends. 
This involves  c u t t i n g  out a port ion of t h e  core of t h e  r e a c t o r  r i g h t  
where it w i l l  do you t h e  most good t o  keep it in. 
geometries w i l l  be required. 

So s t u d i e s  of d i f f e ren t  

D i f f e r e n t  reflectors a l s o .  I n  these  s tud ies  so f a r  we hzve assuxd t h a t  
t h e  r e f l e c t o r  is  t h e  sane material as t h e  moderaL,or. 
r?asons f o r  coLnsi?eri2g d i f f e r e n t  materials f o r  r e f l e c t o r s .  
would be i f  we a r e  forced  t o  use a moderator l i k e  graphite,  which i s  not 
t h e  most d e s i r a b l e  one, i n  t h e  core, i f  we are forced t o  do t h i s  because 

There are sone good 
One reason 
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of t e n p e r a t u r e  considerations,  f o r  example, w e  d c h t  5e . b l e  t o  ge t  a-my 
w i t h  a better moderator i n  the  re f lec to l -  which could be run a t  a lower 
temperature,  a b e t t e r  moderator, such as a ber;rlliun; conpound. 

I n  addition t o  t h a t ,  there is a w s s i b i l i t y  of  doin- sone s h i e l d i x  
i n  t h e  r e f l e c t o r  h- u s i v  sone K a t e r i a l  such as Sisrnuth. 

As ~ o u  know, we k v e  - ! d e  control s t u d i e s  of t h e  con t ro l  e l e m n t  re- 
quired t o  maintain or chance t h e  r e a c t i v i t y  of t h e  ? i le .  
Torted in NEP.4 "0. 6. 
more c m q l i c a t e d  than  the woblem o f  solving the  c r i t i c a l i t y  .reauirec;ents. 
For a given amount of work, you can Cet more precise  information fror, the  
c r i t i ca l i t y  s t u d i e s  than you can from t h e  s t u d i e s  of t h e  con t ro l  e l enen3 .  
So we w i l l  have t o  g e t  i i t o  more involved s tud ie s  of t h e  c o n t r o l  e l ensn t s  
t o  t r y  t o  even up t h e  picture,  t o  have the  con t ro l  elements predicted 
w i t h  sonswhere near t h e  accuracy we can p red ic t  t h e  c r i t i c a l i t y .  

This i s  re- 
It happens t h a t  t h e  con t ro l  proSlea i s  b a s i c a l l y  

I n c i d e n t a l l y ,  as far as this accuracy i s  concerned, a check vas ,=de by 
sone people on t h e  Lex ix ton  Project  of our design stud7 - they calcnlated 
a uranium wei.$ of 8 percent d i f f e r e n t  f r o 3  OUTS, which vie consider p r e t t y  
good a t  this s t age  o f  t h e  game. 
m t h o d s  g i v e s  ;'ou sonedhat d i f f e ren t  results, but they are within reasonable 
range of each other .  

Calcu la th& urani-m weight by d i f f e r e n t  

When NEPA g e t s  aroulid t o  perfo7dng c r i t i c a l  e q e r h e n t s ,  t h e r e  ni l1  have 
t o  be a l o t  of analysis v;or% don2 on t h e  c o r r e l a t i o n  of  t h e  theory w i t h  
t h e  a c t u a l  t e s t  results. 

I have not discussed t h e  ac tua l  methods of ca l cu la t ing  t h e  reactors  ye t .  
This is t h e  best p a r t  of t h e  t a l k  cming  up r i g h t  nav, t h e  bes t  pa r t  
beirg t h a t  I am not FoinC t o  discuss then. 

This  is just  a sanple of the tme of nsthe.mkics p i  ?et i n t o ,  some o f  
t h e  sizipler mathe3atics,  i? t h e  ca l cn la t ion  o? c ; - i t i ca l  s i z e  f o r  reactors .  

The c a l c u l a t i o n s  made t o  date a t  N3PA have been Sased cn t,+e so-called 
d i f f u s i o n  theory,  which is Sorrowed frorr. -ascs. Tht t  i s ,  t h e  behavior 
of t h e  i n d i v i 2 u a l  neutrons i s  examined s t a t i s t i c a l l y ,  and then  some fancy 
e a u s t i o n s  are derived from mathemtics which t reats  t h e  5ahavior of t h e  
w5ole crowd of neutrons,  

This is p r e t t y  s a t i s f a c t o y  f o r  s im4e co::ditions, but i n  case of un- 
usual geometries o r  control elements, and i n  shielding work which has 
nothi.% t o  do r - i th  t h e  c r i t i c a l i t y  calculat ion,  t h e  5oun.lary conditions 
are so i m o l v e d  t h a t  x e  carnot get good r e s u l t s  i? sofie cases  by using 
t h e  d i f fus ion  theory. 

In  t h e  past two years a new method has been :eveloping. It s t a r t e d  a t  
Los Alanos. It considers  individual neutrons, chases them around and 
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finds oijt w k : t  2 whole k-roup of ther.  2 re Coin-, xii ';. ... :n - Lverazcs then 
ou t ,  i n s t e a l  0' averagin: t h c  behavior f i r s t  and puttin;  i t  i n t o  mathe- 
.%tics. 

That, i s ,  o x e  ??err h?..e t r ave led  %!-at d i t t i n c e ,  do t h 2 7  cause f i s s i o n ,  or 
are the-- a'-sorkel, or l o  the:. homce off a moderator, or are  they out of 
t'?e Tile a l t o ~ e t h e r ~  

mt *ne q r o k a h i l i t i e s  fo r  t hese  e7:ent.s ca? be set up around t h i s  r o u l e t t e  
w:Ieel, 2113 ''e ca?. s - i n  it. 
th5nki.i- of t h e  ?umk.er of broce-sCs i?.volT:e2. .e  c a n ' t  j u s t  c h x 8  ,:own 
one f i z z i o n .  
h:pz s thocz2.i-1 t,:?r3.;::?oct t?~? n i l e  i! order t o  :.-et r sp resen tz t ive  
res:-:lts . 

That  sound^ like a lot, of fun until  we s tar t  
._ 

:?e ::-.ve t o  c!?ase dm*n pe:-ha?s on? hundred f i s z i o n s ,  per- 

T h i s  nethod, as I sa;', ori- i . ia ter :  st Los Ala:.o~, a::d it is keirrc Tursuei 
9uite Lctivel;  i n  a nc:ber of atc::.ic ener;: L i s t a l k t i c n s .  You vrould 
e q e c t  it t o  'kve  a Trett; s c i e c t 1 f i c  . w e  t o  it, a-id it does have a 
veri- d e s c r i ? 5 v s  .=-.e - t h e  Gcnte Carlo DIethod. 
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When it comes t o  a c t u a l l y  s?inn.'n,- t h e  r o u l e t t e  wheel, xe  f i d  when we 
l i s t  all t i e s e  events t h a t  we have t o  consider t h a t  we w i l l  have t o  use 
somethin& not m i t e  as naive as an  a c t u a l  r o u l e t t e  wheel. It involves 
sane kind of c i l c u l a t i o n s  a1o.i: with sone kind of  s s swqt ions .  

It has b e x  estimated t h a t  i f  we P:aAed t o  solve a r a t h e r  corn?licated 
r e a c t o r ,  t h a t  is solve t h e  c r i t i c a l i t y  re.-tli=aents of a con;licated 
r e a c t o r  by t h i s  aethod, it :;.auld r ecu i r e  102 men *:!o?'*in:- fo- a k u t  two 
wec!:s t o  do t h i s .  Tach Tan h s  iz desk ca lcu la to r .  O f  course, i f  'vie 
use Cirls t h e y  could do it i n  about one ;:ee%. 

T h i s  i s  t h e  ma,.mitude of t he  task  t h a t  is  involved i n  using t h i s  E m t e  
Carlo Yethod. Cne hundred  c a l c u l A o r s  out of 275 ? : E A  pcoplc -- it Lets 
t o  he ou t  of  t h i s  world. 

Fortunatel:., t!-.i: method aas evol7;ed f o r  use on t h e  e l e c t r o p i c  c d c u -  
l a t i i r  machines such as t h e  Yniac, 2nd there  a re   ore zoder:! e l e c t r o n i c  
conput inr  .mcLIines SUC? as the  Univac tl-at you 3zve heard about. 
one machine  ill solve ir! a f e w  hours ?:hat it would have taken t?:ise 
hundred people t o  solve 21 weeks. We do not show *,?:e h a E  a dozen o r  so 
mathemt ic ians  Forking t o  keep t h i s  t h ing  busy, n e i t h e r  do we skoiv a l l  
t h e  o t h e r  peoDle involved t o  keep t h i s  hundred men o r  g i r l s  busy- and 

This 

happy. 

F i n a l l y ,  I would l i k e  t o  J i scuss  some of ti?=! :c;ivi:ies i-. whici? our 
people are p n t i c 2 p a t k . g  zt other s i t e s  than f E A .  Thct is, I 20 not  
want t o  give $ h e  i i p r e s s i c n  ti2t ne are just a Sun=.:: or' exineers, 
g h y s i c i s t s ,  ard rL the ra t i c i ans  Join t h e r e  mer-in, our i d e n t i t i e s  with 
one another  and with a r e 5 e c t o r  o r  stone wall. or sonethL?g zrcur,d US. 

A c t u a l l y  t h e  buildi-:, ur, of this _roup of eqy ixe r s ,  $i;-sicists, c;nd 
n;ather;.aticians t o  do this ty;-'e 05 c r i t i c a l i t ; -  -.:rl: h s  orL:;; Seer, 
p o s s i t l e  because of t h e  contact x i t h  o t h e r  ?eo?le in t h  a t c r i c  5cer;y 
f i e l d ,  people 1:ho co t  there f i r s t ,  L. o have doze t h e  p i x s e r  xr? .  
bluch of th is  contact has 'seen t ? m q h  renoi-ts, azd cucfi of i t  iwo lved  
personal  contact. 
level wi th  these  people who xere &sad of us, xho k--w ho!~ t o  dc sone 
things t h a t  vie :re i n t e r e s t e d  in. 

We ha;re hzd the  utmost cooperation on t5.s -.!orkiag 

I n  a d d i t i o n  t o  learniny t h e  methods fron t h e s e  people, t h e  sir?.l;ler 
methods, t h e  nore furtdamental method cf c a l c u l a t k g  c r i t i c d i t g ,  there  
are a number of a c t i v i t i e s  t h a t  were of i n t e x s t  t o  us i? o the r  A.E.C. 
i n s t a l l a t i o n s  thclt we Yianted t o  h e k  con t r ibu te  t o  and t h a t  ::e wanted 
t o  l e a r n  about so we cc:ild use then ourselves.  

Cr i%ica l  exDeAnents i s  one such. '-''e have ?:.d -wople !..crki?_c alcng x i t h  
o ther  A.5.T. i n s t a l l n t i o c c  on c r i t i c d  r r p e r k e n t s ,  4elpi.x t o  run then 
and b e i n r  t ra ined.  
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S h i e l a p  r ea l ly  doesn' t  ?xlon,g in a c r i t i c a l i t y  discussion, bu t  I 
keeb 
pm9. 
t o  the  shielding problem, both i n  t h e  t e s t  exDeriments run a t  X-10 and 
in.  t h e  t h e o r e t i c a l  eork.  

pe t t i nE  hack t o  it because it i s  such a fundamental problem t o  
Oar oersow,el  from the r e a c t i v i t y  department have .contributed 

One of our  men soent a month over a t  X-10 he1pir.g t o  canpi le  a report  
on c r i t i c a l  masses; t h a t  is ,  a re?ort  of a l l  t h e  a c t i v i t y  t h c t  had been 
done throuchout t h e  var ious A.E.C. i n s t d l a t i o n s  i n  c a l c u l a t i r y  and 
t e s t i n g  for c r i t i c a l  masses. 

This ,  of course, .,.as of L i t e re s t  t o  us in being able t o  check our methods 
and could onkf be performed a t  X-10, where t ?ey had all tt:ese r epor t s .  

Tile xeaon cross-section, as jou ;.!ill hear from Mr. Settis, is of extrenle 
interest  t o  US. There has receiitly been some valuable ::ark LoinL on 
a t  X-10. 
mation for ourselves,  we had a man over there .  

I n  o rde r  t o  help push t h i s  vork through and help g e t  t h e  infor- 

The Monte Carlo Nethcd i s  only tv:o years o l d  and not highly developed 
Yet  There has been sone valuable work going on a t  Argonne r ecen t ly .  
So we s e n t  teo  of our men up fo r  s eve ra l  months t o  help on t h a t  work 
and t o  be t r a i n e d  in it. 

I n c i d e n t a l l y ,  r i g h t  now one of our mathematicians i s  out at Northrop 
doinE some shield% calcclat ions,  us& t h e  Monte Carlo Method. 

I have discussed so far  the  fundacentals of c r i t i c a l i t y ;  t h e  xork t h a t  
we have done; and t h e  v.ork thGt we intend t o  do. I have passed over 
t h e  problem of how we have a c t u a l l y  calculated it. 

cooDeration with t h e  norkin. people of other  sites. 
cooDeration 01: t t e  workiry l eve l  i s  the  only way that the  ar t  of c r i t i -  
ca l i ty  s t u d i e ? ,  l e t ' s  s iy ,  can >e advanced eff ic ientLv.  

T k t  i s ,  pemle  of General q e c t r i c  w i l l  develop a new way t o  ca l cu la t e  
r e a c t o r s  or imrovement of old Yam. "!e !*:at t o  Fet i n  on t h a t ,  and 
we did €e+. i a  on it. I n  our design s tud ie s ,  v:e used a modif icat ion of 
t h e  so-called General n e c t r i c  metbod, and t h e  same with t h e s e  o t h e r  
i n s t a l l a t i o n s  . 

I want t o  dwell 
on t h i s  ccoperat icn pr+ler?, t h a t  we have obtained t h e  utmost 

This t y p e  o f  

i 

I expect in t h e  f u t u r e  t k t  ne kill continue t o  p r o f i t  from contact wi th  
t h e  o t h e r  people. 
p r o f i t  by contact w i t h  US. 

I th ink  Dore and rncre t h e  o the r  i n s t e l l & i o n s  w i l l  

liR. SES:'  Yie would l i k e  t o  hold a discussion period now on what has 
been said b; Kr. Cooper, p r i o r  t c  EO- in t o  ltmch. 
f o l l o ~ d i 4 ,  t h i s  discussion and before h e a r i q  b!r. 3ettis. 

Ne -..ill ;o t c  lunch 
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We have a recorder  over here. We are 
minutes of t h i s  meeti-v,. 
request t h a t  you ;-entlenec r i s e  and s ta te  ;-cur names so t h a t  t h e  re- 
corder can ;-& it down. The nmeo of t t e  pnt le rcen  who make the  re- 
marks are of v i t a l  i n t e r e s t  t o  cs , too. 

t c  record f a i t h f u l l y  t h e  
P r i o r  t o  makin. 2rly relrark, I would l i k e  t o  

I would l i k e  t o  ask Mr. Kal i t insky  here t o  m d e r a t e  sone discussion on 
vhat we heve heard on r e a c t i v i t y .  

m. KALITINSKY: 
times. I :.:auld l i k e  t o  ask &!re P r e n t i c e  if he ;..oid.d l i k e  t o  c m e n t  on 
NEPA No. 6 and rraybe t e l l  us  about some of t h e  vork t h a t  has been going 
on a t  Schenect,ady. 

We mentioned t h e  na.;.e cf General E l e c t r i c  a number of 

I would l i k e  t o  enphasize t h a t  L? a l l  these  p re s?n ta t ions ,  we hzve t o  
avoid goin6 i n t o  t h e  technical  d e t a i l s  arLd refinements. 
t he re  i s  any i n t e r e s t  i n  the r ,  t h i s  i s  t h e  t ime t o  b r b g  then out. 

I th ink  if 

E'. "'fIT'"IC3: '"e had very- few ccmer, ts  on :?our repor t .  I think most o,f 
them, if any, on t h i s  nhase are d e t a i l e d .  
ak0r.t tke same as results t h a t  a r e  ro t t en ,  I bel ieve,  a t  Oak Ridre f o r  
t h e  Daaiels bile, rhic:-. i s  about t h e  same size.  

" e  r ezu l t ?  t h s t  1-ou re t  are 

It seems t o  us, peihaps, t h a t  t!-,ese c r i t i c a l i t y  s tud ie s  are somewhat 
preliminary inasmuc:. as you do not includ.,: in t h s m  an? statement of 
p r e c i s e l y  what t he  f u s l  e l ecen t s  a n 2  the heat  transfer are Zoing t o  be, 
which I th iqk  you doubtless reco,:r.ize e f fec ts  the  s ize  of t h e  r eec to r  
just as m c h  as azzr c r i t i c a l i t y  ccxs i d e r a t i o n s .  

Perhaps t h e  ? u r p s e  of t h i s  ticrk v z s  educatioL121, t o  explore a l l  t h e  
va r i ab le s  p r e l i n h a r y  t o  a dzslcr, s t u d y  which - . . o d d  LrtcorForate t h e  
a c t u a l  f u e l  eleuents and tts heat t r a n s f e r  f l u i d  m d  t h e  canning material 
and its e f f e c t s .  

I t h i n k  it was mentioned in one case t h e r e  t k z t  socie G. E. s tud ie s  have 
included thermal s t r e s s e s ,  heat transfer, in t h e  c r i t i c a l i t y  studies.  
We f e e l  t h a t  i s  t h e  e s s e n t i a l  p a r t  of a design study. 

MR. KALITINSKY: I believe t h a t  one stud;-, Yihich does include f u e l  
element shapes, t h e  working f l u i d ,  and t h e  coa t in r s  a d  all t h e  e f f ec t s  
that are of im?ortaxe,  has k e n  rade and is very b r i e f l y  described in 
mEPA No. 6. 

MR. PREY"ICE: O w  ?eonle had cne coomept cn t h e  spectrurr. of neutron which 
TJOU appeared t o  5e using.  
t h a t  -cu were uslncr a t h e r m 1  r e c c t c r  2s smh.  The;- thcur7ht t h a t  perhaps 
you were. I do not know. 

I do not  S e l i e v e  t?.=t you s a i d  in the  r epor t  

Is t h a t  v h a t  you a r e  w o r k i x  -9, a purely t!-.erzd r eac t c r  as closr. t o  
thermal E you can r e t ?  

rl* 'I -. 
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KR. KALITIFJSKY: 
other  kind of reactor .  
l e t  it f a l l  where it may. You may have mticed t h a t  tL.ere are two s e t s  
of c a l c u l a t i o n s ,  a two-Froup and a four-group set. 

Ye s t a r t e d  out without d e c i d i w  on a thermal or 
Vh2t WP t r i e d  t o  do i s  <et t h e  optimiun one and 

1.9. PQWTICE: The c0mmer.t our people made a l o q  t h a t  l i ne  was t h i s .  
Pecacze of t h e  y-yon e f f e c t ,  our people o f t e n  f ind  tha t  you ge t  a lower 
or a smaller amount of f i ss ionable  material than wbzt they c a l l  t h e  epi- 
thermal reZion, which i s  j u s t  s l i f h t l y  a b v e  thermal. 

m. COOPER: 

above. 

T h i s  desigr. s tudy reac tor  included in NBPX No. 6 hLd about 
perceiit of t h z  f i ss ions  caused by t h e m 1  ncutrons and t h e  r c s t  were 

That vrocld p:.obably be care t h e r m 1  t!ian ;-our reac tor .  

m. PREKTICE: 
on at  Schenectad;, but we a r e  anali-zin- o t h e r  resc tors  and o t h e r  aap l i -  
ca t ions ,  too ,  ver2 near  the t h e , r d  ,-zr,-e r h e r e  one of t h .  requirescnts  
i: cI : ~ i n > i u n  invento;.; 02 fissio:iC’?13 i - a t z r i d .  

I x, not t a lk& abc t t  t h e  reGctor :.hick! i .e  are xorking 

we do find t h a t  i n  thc  r a z e  tha t  p u  c a l l  e?it:icr.:;al is t h e  ranc;e i n  
TfiliCh vie -et t h e  %+JXU f i s s l o n a b l e  material inventory. 
b;- a re-mrt. 

Thzt is covered 

I ? resue  you are able  m~ t o  ,:et our rs,orts, our t e c h i c a l  reports?  

IQi. KALITINSKY: Yes . 
1%. PFEKTICE: Thzf is  covered b;? a renorf. Actuall:;, i’Y is A.K.A. No. 1. 

URD KALITINSKY: ‘hat c>ac!:s prett: well ltfvh t h e  results t!nt ae have 
ohtsined. 
design s tudy  a point  was selected on the h s i s  of th-:: sL-L?l i f ied reactore 
and t h e 2  a check ..as made, the  check w i t h  a l l  e f ”ec t s  ircluded. 

As a nx%ter  of f ac t ,  2s Lk. Cooper nentionet,  on this par t icu lar  

The check was not only nade a t  tht spec i f i c  goifit but 23 t h e  swroundirq 
r e ~ i o n  as well .  “hat ckeck defiZitel-2 showed t h a t  wi th  t h e  conL,~r imled  
a?d m i s o n e d  reactor, t h e  miiinun investment lay towards t h e  f a s t e r  
reEion tha? p i t h  a non-coataniiated reactor.  

Ml?. PPVTISE: 
p u r  reAort appears t o  zssume t h a t  t he  temperature c o e f f i c i e n t  w i l l  al- 
ua:-s be ne;ative. 

One o t h e r  thing. On t h e  ruest ion o f  t e .qe ra tu re  coef f ic ien t ,  

Is t h a t  correct?  
possibil i t : .  of a p o s i t i v e  t e q x r a t u r e  Coefficient which would make a 
r e a c t o r  a u t o c a t a l W d i c  ex is t ing  a t  ver7 low temperatures in t h e  rezctor.  

There has been s o m  i n v e s t k a t i m  a t  our s i t e  of the 
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Tie have not conpletely anabzed  t h a t  problem, but in an aircraft  
r e a c t o r  where you are l i k e l y  t o  be under s i te  ccndi t ions which are at  
very low tenprature,  you r?a; n i s h  t o  L?vesti,ats t h a t  jJossiSility. 

mo I(AL~INSKY: Do you Yimt t o  comment on that? We c!iecked sane of those. 

W. ot.IEpBEAR: The point  t h a t  Mr. Prent ice  z a k s s  is wi th  retard t o  a 
more heterogenous r e a c t o r  than these s t u d i e s  are for. 
i n  because of t h e  th i ckness  of uraniun; chereas  in t h e s e  s tud ies ,  t h e  
uranium was considered t o  be u n i f o A d : ~  diffused. You do not have t h e  
sane effect i n  t 9 i s  stud;t. 

The ef fec t  cane 

MR. PRENTICE: The uraniun was uniformly dicfused? 

IdR. COIIEY3EAR: 
That is correct. 

For t h i s  s tu@ t h e  uranium was fa ir ly  u . u f o r ! j  diffused. 

m. PLq!TICE: I mean, do you t h i - k  it a c t u a l k r  ?;ill be in an ac tua l  
reaztor ? 

UF.. CC!IEVW?: Do you rant t o  comment on t h a t ,  LCr. Coopr? 

YR. CClOFT?: Har; ahout you, kk. Kalitinsky? 

W.. KUITD!SiF: " e  ca izo t  be sure of  t k ? ,  
desi:? r i c h t  now: t h a t  is ,  nh?re t h e  s ize  0,' t he  u r a n i u  p a r t i c l e s  will 
be ma l l  conpired t o  the  c-an-free p ~ t h  of t h e  neutrons. 

t h a t  is our preferred 

DR. SPF33RTG: I oQd l i k z  t o  Sricly 1'- a. .-uestio.?. I a-l -.,ontiering 
if any ccnzi&,-3tLm h s  Seen given fron the t i i eo re t i cd ,  vie-,i;,oi>: t o  
the effect  on c o n t r o l  -.hen :mu zcc- . lerate  2nd dece le ra t e  t he  zirplane 
as t h e  neutrons sfuft in t h e i r  i ze r t ia  LA 5:;: r eac to r?  
neglicible o r  it n&:ht be q p e c i a b l e .  1 t::Lik it cuzht t o  be looked 
into, but it has not been looked into.  It nay be ha,,xeciable,  but 
I thi&. it should be looked a t  because ..e do lcm-.: t k x c  t h k s  io i u V E  
inertia, and as you accelerate :rou rq- h.nvtt. neutrcns t e n d i m  t o  concen- 
t ra te  a ' i t t l e  -are on one side of t h e  r e a c t o r  tha? another. This xi11 
change your con t ro l  problens. 

T h i s  ;.'.a7 be 
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~p.  =WILL: 
=&ering t h a t  five-thousand miles an hour i s  the thermal velocity of 
neu t rons  . 

You may c e t  a? idea of what t h a t  e f f ec t  may be Sy re- 

DF.. SPFDDIt IG:  
rreutrons, but it might make a d i f fe rence  in t h e  s e n s i t i v i t y  of :TOIS 

c o n t r o l s  because you a r t  r b h t  on $he s e n s i t i v e  pnrt. 

It vi11 not make a big d i f f e r e n c e  i n  concentration of the 

m. MERRILL: 
w e  g o i q  so f a s t  and t ravel  such sbort  d i s t a n c e s  between coll.isions, 
t h a t  acce lera t ion  of the reactor would have U t t l e  effect .  

I ju s t  ranted to  br ing t h a t  up, t h a t  the t h t r . x l  neutrons 

DR. SpED9I:!G: I do not expect it would be a big e f fec t .  I jus t  do 
n o t  know. I th ink  the theore t ica l  people o w h t  t o  look into the matter. 

UR. VCOi .ZW:  
m t i o n s .  I believe in the s t a t e  t h e r  are i n ,  t h i s  would be a second 3r 
t h i r d  o rde r  e f fec t .  

A t  nost we would consider t h i s  by secoad or t h i r d  approxi- 

m. COOPER: There is one comient I would l i k e  t o  have a3out t h i s  low 
t e q 2 e r a t u r e .  In the a i r c r a f t  ap;>l icat ion,  w e  do not exsect the reactor 
at tirme t o  be under v e c  low temperature. That  is, a t  -,?.e s t a r t  it 
is at room t e r p m t u r e .  When you are p r o d u c a  :power, it Kil l  be a t  
a p r e t t y  h k h  tez-perature. Thz coolant go-- i n  is always at  a .hiCh 
t e 3 p e r a t u r e  . 
a. PRENTICE: 
when t h e  reactor  had not previously been s t a r t e d  before, any auto-catalytic 
tendency  i s  in.mrta?t whether the r eac to r  has ever been run or not. 

The only question I had v a s  at t h e  start, on the s i t e ,  

m.. LfoONEYW!: Noul-l ~ o u  mind wtiq t h e  temperatures a t  xhich you have 
t h i s  a d o - c a t  a ly t  i c t ende ncy ? 

m. PSEIITICE: I am not familiar w i t h  t h o s e  d e t a i l s  perscmlly. Some 
of our t e c h u c a l  people who analyzed t+ i s  report j u s t  wanted t o  ca l l  
t h a t  t o  the  a t ten t ion  of the NEPA people, and appareatly t h q  are 
aware of t h a t  possi3i l i tg .  So I t h h k  t h a t  i s  a l l  we need t o  s v  here. 

Et. LTG:TJ?H.W: 
found where t 5 e  friel elenents are heterofeneous; and to  date, and in the  
Tear f u t u r e ,  it seem that  re n i l 1  be rorklnr w i t h  hoaopeneous fuel  
e lements .  

I th1:k it is .worth maphasicing w a i n  that  this effect  is  

K??. Y."IIITINSICI!: I would like t o  anphasite one point here, that  t h e  whole 
nethod of a9proach tha t  we have used is predicated on considering uranium 
econon;r as oae of the paramount necess i t i e s  in the  desi63 anl selection 
oL" such a . m e r  plant. 

Horzver,  t!!ere i s  a dis t inct ion tha t  has t o  be =de there beheen get t ing 
t h e  abso lu te  ~Lnkum of uranium, n o . ~ a t t e r  W h a t  t h e  cost Li tens of a h -  
plase gross wei&ht, a i rp l a i e  performance and t he  coa?lication of thc r e s t  
of t h e  prier plan',; &id .rriviii..at.a ccmprodse  between the t:m. 
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- -  So, at some point ,  we w i l l  have t o  have from smebody a fa i r ly  good indi-  
c a t i o n  as t o  just hopi inportant  uranium econon;r is in t h e  term of nunbers. 
I mean, is  a saving of 10 percent i? uranium h v e s t n e n t  p e r  r eac to r  worth 
a gross weight increase of 25 percent in t h e  ai rplane? 
inpor t an t  point,  and it w i l l  be c e r t a i n l y  one of t h e  c r i t i c a l  pints i n  
t h e  s e l e c t i o n  of a power plant .  

That i s  q u i t e  a n  

I would l i k e  t o  have some comments on t h a t .  Mr. Pren t i ce ,  would ;;ou 
like t o  canment? 

YIR. PFZNTICE: NO. 

MR, KALITINSKY: Dr. Spedding, would you l ike  t o  comment on t h a t  question? 

DR. SPEDDING: I am r e a l l y  not in p o s i t i o n  t o  t e l l  gou on t h a t .  I t h i n k  
it depends on so many f a c t o r s  t h a t  I have no knowledge of. 

I t h i n k  t h e r e  is one t h i n g  for n a t u r a l  uranium, and another  t h ing  if we 
could ge t  allocated a c e r t a i n  percentage of t h e  amount of f i s s i o n a b l e  
material t h a t  is being made i n  t h e  present p i l e s ,  and for which t h e r e  i s  
g o i w  t o  be m i t e  a s t ruggle  because t h a t  i s  d e f i n i t e l y  l imi t ed  and t h e r e  
are a grea t  many military uses phich  can be made of t h i s  mater ia l .  

I do not be l i eve  i n  aqr of your p i l e s  :-ou are contemplating using 
n a t u r a l  uranium, a n  you? 

DR. SPEDDINS: So t h e  real problem is t h e  a l l o c a t i o n  o f  t h i s  f i s s ionab le  
material. I am in danger of s t i c k i n ,  q neck out again, but I w a n t  t o  
make another suGes t ion ,  and I wonGar i f  a i r th in ; ;  has been done about it. 

There i s  another a l t e r n a t i v e  on this shieldin; problem. 
t h e  edge of whether it might be usz fu l  o r  not, 

It i s  jus t  on 

That is, i n  t h e  p i l e s  developed in t h i s  country, .it i s  possible  t h a t  i t  
will ge t  up t o  a t o t a l  capaci ty  of maybe 50 million kilowatts .  In  t h e  
p i l e s  when t h e y  are operating one i so tope  of s t ront ium generates hea t  
at about l/4OOO of this t o t a l .  By taki,ng a l l  
t h e  i so topes  which are very weak g2-s or beta o n i t t e r s ,  we might be able 
t o  get enough t o  operate  one plane which could be nuch smaller now be- 
cause t h e  sh i e ld ing  problem becomes enornous1;- siz?lified. You do not 
have the  neutrons or the  hard &ammas. You have son?e gammas because of 
t h e  stopping, 

This  is a beta emitter. 

Electrons w i l l  cause them. 

T h i s  has not been studied very careful ly .  The people a t  our l abora to ry  
have t a lked  about it. 
very c a r e f u l l y  t o  see whet.her it wouldn't be possible  t o  Use t h i s  waste 
material t o  operate  a plane of a smalle- d e s k n  with a continuous source 
of heat. 

I am wondering if it  shouldn't be looked in to  

. r e .  
This mlght be an economy. 
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1 t h i n k  it is on the  edfe of whether it i s  f e a s i b l e  o r  not. 
r e n u i r e  a l o t  more capacY-y i n  p i l e s  t han  we have a t  present,  but I t h i n k  
it would be worth looking i n t o  by a t h e o r e t i c a l  group. 

MR. K.4LITIMSKY: 

D!?. SPDDIYE: 
t h e  w a n t i t i e s  you can  et. 

It would 

Yes. The same suggestion has b--.en made on using polonium. 

I think the  proSlem is d i f f e r e n t  t h e r e ,  though, because of 

XR. KALITINSKY: 
q u e s t i o n  marks at tached t o  them. 
t ioned .  
or 100 million ki lowat t s .  

That is r i g h t .  9 u t  both problems r e a l l y  have two major 

You would have t o  have a t o t a l  p i l e  capac i ty  of the  order  of 50 
The f i rs t  one is t h e  supply you men- 

DR. SPEDDIIU’G: That is correct .  

g,R. KALITINSKP: I n  order t o  supply j u s t  one o r  two airplanes.  The second 
problem is, of course, control .  
a i r p l a n e  - If you are  talking about a mh-speed  

DEZ. SPEDDXG: A continuous source of energy. 

YR. gALITUSKY: 
thousands of k i lowat t s  heat energy release.  

You are talking of the  order o f  t e n s  or hundreds of 

DR. SPEDDING: We made our ca lcu la t ion  on 50,000. 

UR. KALITINSKY: 
a m  not opera t ing  at  t he  high speed i s  very d i f f i cu l t .  
shocld  be kept in mind. 

And t h e  problem of disposing of t h a t  heat while you 
But it c e r t a i n l y  

DR. SPEDDING: 
t h e  p l u l e ,  YOU see. 
p o s s i b i U t y .  
are much s impler  because you do not have t h e  s h i e l d i n g  problem. 
t h a t  i s  t h e  worst problen: of a l l  t h a t  you have t o  face. 

This  could be hooked i n t o  a p l a n t  when you got back with 
I think it i s  a I th ink  it should be looked in to .  

I think the  problems of g e t t i n g  a p lane  t o  operate with this 
I think 

MFt. POEh’TICE: You asked a quest icn of me a minute pigo about what my 
opinion was of whether or not the  dnimun anrount of f i ss ionable  mater ia l  
was abso lu te ly  necessary. It does not sem t o  me t h a t  nei ther  I nor 
anyone else in c i v i l i a n  s t a t u s  is a u a l i f i e d  t o  a m e r  t h a t  auestion. 
Tkat is wimaril, a policy auest ion,  it seems t o  me, of the  m i l i t a r y  
es tab l i shment ;  and &fore  going t o  answer such a question, you have t o  
knm how many a i r d a n e s  YOU are talk- about, and when; w h a t  is t h e  
time sca l e .  

You people have made no statements as t o  time s c a l e ,  nor statements of 
how many aircraft you a r e  expected to use at any one t h e ,  t h i s  fifteen- 
,“ear f i g u r e  given in t h i s  repor t ,  or what ~ G U  are shooting for. 
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To ansver t h a t  quest ion,  you would have t o  look very far i n t o  t h e  
f u t u r e  t o  determine what t h e  supply of f i s s ionab le  material  is. So 
I do not f ee l  t he re  i s  any answer t o  be given t o  t h a t  question; and 
certainly, in t h e  f i n a l  ana lys i s ,  it cones back t o  t h e  matter of 
policy of t h e  Government, of how much i s  t h i s  app l i ca t ion  worth in 
f i s s i o n a b l e  material. 

ILR. KALfTINSKY: 
definitely.  
t i o n  as a working assumption. 

I qui te  agree wi th  you t h a t  an answer cannot be given 
The only t r o u b l e  i s ,  v:e have t o  make a guess o r  an assump- 

IdR. PRENTICE: 
mili tary establishment . 
m. @ULIX3?.: 
i n e v i t a b l e  tha t  tF.e amount of uranic!! you use w i l l  be t i e d  up in t h e  
a n t i c i p a t e d  or extended ap?l icat ion of nuclear energy t o  the  propulsion 
of a i r c r a f t ;  and un le s s  you have scme ind ica t ion  of t h a t ,  you cannot 
say wh.ether a c h i e v b c  t h e  u1timat.e minimum in uranim is  soing t o  be 
a des i r aS le  Foal, o r  whether s'ou can a f fo rd  t o ,  l e t ' s  say, expend another 
10 perce9t . 
From present Indicat ions,  my own personal opinion would be t h a t  t h e  
minimum uranium, while it is  des i r ab le  in view of t h e  t o t a l  ex ten t  of 
uraniurr r e a d i l y  ava i l ab le ,  is s t i l l  ao t  going t o  Se the  c r i t e r i o n ,  be- 
Cause I c m o t  see a very wide-sprea2 o r  extended appl icat ion t o  air- 
craft, a t  least  from a rci l i tar :  s tmdpoin t ,  f o r  Some time. 

I should t h i n k  you would have t o  ask t h e  A.E.C. and t h e  

&. Pren t i ce  has sonenhat a n t i c i p a t e d  ne, bemuse it is  

Nox, I should not speak as a civil&?, but nevertheless  t h a t  would be 
my reaztion, t h a t  w e  c e r t a i n l y  should not tr,. t o  shoot f o r  t h e  very  
m i n i m u m  and yet not achieve t o o  high. You shocld allc:: a few percent  
over. 

If the re  are no o t h e r  con-:.ents cjn t h i s  sub jec t ,  I would l i k e  t o  inter- 
p s e  a question and ask  Mr. Cooper, i f  I may, t o  e luc ida te  on t h e  
comparison between t h e  machine and t h e  man-ower in one respect .  It i s  
a very i n t e r e s t i n g  comparison, b u t  w s  unfortunately so g ross ly  made, 
let's say, t h a t  I t h i n k  it overlooks an h ? o r t a n t  , x i n t  i? t h e  problem. 

The few hours machine t i ne  represents  what m y  be weeks o r  m n t h s  of pre- 
para tor7  work i n  s e t t h g  up t h e  problem th;t i s  solved i n  a few hours 
o n  t h e  machine. 

A r e  you making t h e  same compzrison when ~u s e t  it up f o r  100 men vrorki7g 
several weeks? Does t h a t  include the  preparztion of t h e  protjlem, o r  i s  
t h a t  assumiy t h a t  t h e  same amount of t h e  has been expended i n  preparing 
a problem for t h a t  manually conceived so lu t ion?  

MR. COOPER: Kr.  X e r r i l l ,  rould ;on care t o  coment  on t h i s ?  
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m. KEFUULL: 

m. CIHLINm.: 
machine m i r h t  represent the  solut ion time, it may be anywhere froffi weeks 
t o  months. 

"hat were your f ieures  for the preparation time again? 

I vas o o h t i w  aut t h a t  whereas a few hours on t h e  

I do not know. 

MR. t. 'P.nIIL: T h a t  i s  e n t i r e b  correct. It would be i n  weeks. 

MFt. CHLINGER: 
might take weeks of manpower, manual preparation for the machine solution. 
In order  t o  se t  the problem up for manual solut ion,  you have an e n t i r e l y  
d i f fe ren t  approach; and t h e  time consumed may be l e s s  or more. 

Therefore, I th ink  in giving p u r  comparison - 

NOW, in order t o  set t he  problem up for the machine, it 

LIR. OHLINGER: Man-hours or labor consued ,  l e t ' s  say; in g i v i w  a 
comparison ;TOU should include the  preparation as wel l  as the solution 
of t h e  problem. I would l i k e  a comparison on t h a t  basis. 

yR. MERRRX,: I see. The preparation is in t h e  order of weeks, cer ta inly,  
but it is  not weeks for 100 men. It i s  weeks for two or th ree  men. If 
t h e r e  a re  any m r e  than two or three men w o r m  on the problem, it 
becomes highly ine f f i c i en t  . 
So you s t i l l  are i*iorldng x i t h  l o w  man-hours. 
t h a t  t he  r a t i o  of t h e  consumed i r respec t ive  of t he  nunber of men work- 
in& on t h e  problem won't be as large as Mr. Cooper would have indicated. 

It is  probably very t r u e  

m. OHLINGER: 
machine problem. conpared t o  preparkg the  problem f o r  human calculators? 

Hov! would you estimate t h e  nanpower fo r  preparing the 

MR. h=P.?IIL: I would say a hundred men - f o r  how many-weeks? 

MR. CC@?T?: Two hundred man-weeks. 

IER. M E F I L I  : 
to set t h e  problem up for  t he  machine, 

Two hundred -=weeks, compared t o  a h u t  twelve mawweeks 

KR.. OHLINGER: And how many t o  s e t  It up f o r  t h e  manual solution? 

MR. MXFfRILL: 
for the  machine, it is as Ff you were cod3.q for computers. It i s  a 
l i t t l e  easier  h tha t  you do not have t o  t e l l  t h e  computers a s  much. 
The machines a re  extremely ignorant on how t o  canpute actually, and you 
do have to spend more time coding f o r  t h e  machine than you do for  t h e  
conpat er s. 

It is of the  same order of magrdtude for  t h a t .  When coding 

But it would s t i l l  take no mre than a few man-weeks. 
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, ~HLIM.JQI: Our own interest i n  t h e  Monte Carlo Method and of course 
t h e  r a t h e r  unique f a c i l i t i e s  there  have mde us keenly cognizant of t h i s  
as a m e a s  of so lu t ion ,  and s o  fzr r e s u l t s  have been very encouraEing. 

But t h i s  cor.piriscn, I t h i n k ,  does not Eet thZ whole ? i c tu re .  T h a t  is 
why I t r i e d  t o  briw it out. 

MR. =RILL: 
03 t h e  p a r t  of the  mathenaticians.  

m, l , ! O O K m  There i s  one a d d i t i o n a l  -mint I would l i k e  t o  make here. 
That is, when you code a problen f o r  an automatic coc3uting machine such 
as t h e  b i a c  o r  t h e  Univac, t h e r e  is a Certain arr,ount of i n i t i a l  e f f o r t  
recuired.  
5- char-,cl?: 2 srAl znount of t h e  inpu t  k t a .  
formula. 

Hence, f o r  a c e r t a l n  invcs'nent cn  theEe 21Jtomatic m c h b c s ,  ~ o u  can r& 
a large amount of r e s u l t s :  whereas for E s t a f f  of cor.pv+ers, t5e arount  
of work i s  a larEe sum. Tach time you c:-an,Ee t h e  data, tt.e work 53s t o  
he performed. 

I n  o t h e r  vordc, wkat I an sq-ing is, t e e  act,,. 1 c o ~ ~ i - t k i -  tirre a f t e r  -0:: 

set i t  u3 i? so  muc- s h o r t e r  w i t +  automatic ccz7utin.- =.?chines and the  
3et tF-,e f o r  ,eeverd wo'-lem runs t o  nuit5 L sa-:l.q on  t h e  a u t o m t i c  
mac :.lines . 

It is not a f a i r  cmipzriscn. There has t o  be sone e f f o r t  

After t h i s ,  you can run o f f  a huye r.uzber of ? r o b l e s  ius t  
You do not c h a q e  t h e  

You jus t  change your da ta  o r  t k e  valtls of scme of t h e  var iables .  

MR, 'NEBSTXR: 
Argome grmq ?ut on t:le M a c  in ;;ettl:y. f l a x  d i s t r i S u t i o n s  f o r  t h e i r  
p i l e  too:: about t;.lo i!ee::s c ~ i  t h e  Eniac. 

I r:ould just  l i k e  t o  aid  t o  t h e t  :he ?ro'dzffi t h a t  t h e  

MR. OHLIT?GE.?: For  so lu t ion?  

MR. O!-ILI?!CE'?: Hm: l o r y  f o r  preparation? 

LR. 'ii'EF3STETt: 
method, 2rid i t  l rent  on f o r  a :??ar, I snT3ps.Z. 

It is h3rd t o  sa", bsczuse nost of it was development cf t k e  
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DR. ELLIS: 
problem is c e r t a i n l y  highly mathematical on t h e  machixs ,  a l l  pur 
inte-rals and ever-flhing. 
fundamental arrangements and parts ,  

In the  ca lcu la t ion  of  t h e s ?  r e a c t i v i t i e s ,  a pa r t  of your 

You cane out  w i t h  reactivities in cer?ain 

But then ,  don't you have fol lowin& a l o t  of somewhat aore elenentary 
c a l c u l a t i o n s  leadi?: those various en.gineerhg cha r t s  p u  hive there,  
i n t e r r e l a t i o n s  of a l l  kinds of f a c t o r s ?  

"Tould it ever hecome mssible t o  put some of those sim?ler calculat ions 
i n t o  a machine, analoEies, e i t h e r  e l e c t r o n i c a l l y  or mechanically, so 
that you mirht be able by usinp. some fundamental results from the  mathe- 
matical ca lcu la t ions  t o  make some engineer ing adjustments f o r  various 
p r a c t i c a l  fea tures  a l i t t l e  b i t  easier t o  see a l l  a t  one time? 

1IR. COOPER: I&. ConeySear, you have given t h a t  aome consideration, t h e  
use of a c t u a l  analogies as part of this ca l cu la t ion  procedure. 
care t o  coment on t h a t ?  

Would you 

UR. CONEXBEAR: I did  not quite get t h e  f e e l i n g  t h a t  was t h e  question, 
The quest ion,  as I understood it, was t h e  s i n p l i f i e d  sort of treatment 
f o r  c a l c u l a t a  ,riles. 

Is that what you meant? 

DR. ELUS: Yes, p i l e s ,  and t h e  behavior of t h i s  p i l e  in the  a i r c r a f t  
reactor, t h e  r e f l e c t o r  e f f e c t  on ahflow,  and so for th .  

IQi. CONEYBEAE: 
mom o r  l e s s  empir ical  equations and so forth t o  cover the  r e s u l t s ,  
sanewhat similar t o  heat t r a n s f e r  work. 

I think Mr, Cooper has t aken  sane of these r u l e s  and made 

For what M r .  Coo9er asked me t o  say, I t h i n k  t h e  eas ies t  analogy t o  fol low 
on t h i s  work is. if you consider t h e  number o f  neutrons t o  be equivalent 
t o  temperature and t h e  flow of neu t rms  t o  be eqxivalent t o  f l o w  of h e a t ,  
t hen  ~ o u  have a r e f l e c t o r  that i s  equivalent t o  thermal lagging, and so 
forth . 
It is a l i t t l e  easier t o  conceive if :iou are not accustomed t o  deal ing 
w i t h  neutrons. 

MR, COOPEE?: 
and we have not s tudied  t h i s  t h i q  thoroughly, and we should give it 
more a t t e n t i o n .  

I t h i n k  t h e  answer t o  t h i s  ques t ion  is, it is  a good point 

As I sa id ,  there are a v  number of ways to  present t he  results of these 
c r i t i c a l i t y  studies.  
quirements for a range of sizes and free flow r a t i o s ,  and so on. 
heat t r a n s f e r  thermodjrnamics people have put  in t h e  conditions of t h e m -  
d p a a i c s  and norked up t h e  design s tud ie s  t h a t  way. 

Ghat wt3 have dme  i s  j u s t  c6nslder c r i t i c a l i t p  re- 
Then t h e  
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It is possible  t o  introduce heat t r a n s f e r  and t h e r m 1  s t r e s s  and t h a t  
sort of t h i n g  r i g h t  i n t o  the  c r i t i c a l i t y  s t u d i e s ,  
a way to do it. 

KR. SIMS: 
lunch now. 

There is a choice of 

Gentlemen, I t h i n k  t h a t  we o x h t  t o  t a k e  ti?,e out t o  have 
We v : i l l  cans back a t  2:15. 

(Whereupon, t h e  meeting adjourned et 1:lO 9 . ~ ,  t o  reconvene a t  2:15 pan.) 
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Lw. SIMS: 
hour or an hour and ten minutes. 

He are going to try to f i n U h  up here In approximately an 

m. KALITDJsI(si 
r e p o r t ,  I would l i k e  t o  a8k if there  are my more commenta or discussion 
on t h e  r e a c t i v i t y  par t?  

Before we proceed with the cont ro ls  sect ion of the 

yE1. PLPJlER: 
alwaya been assumed, or r a t h e r  an a r b i t r a r y  assumption has been made, 
t h a t  t h e  reactor  would be round and it would be the  same length as 
t h e  diameter. 

Durlng the  paat  two years  in t hese  discussions, it has 

I would l i k e  to ask if any conaiderr t ion haa been given towards invest i -  
g a t i n g  t h e  possible uranium economy U t he  r eac to r  and the surrounding 
rtructure were made 8phericrlS 

I have a list of things here t h a t  appear t o  be of advantage in such an 
arraugement. The volume would be l ese .  You would have better thermal 
etreas equalization, 
aa shorn  in t ha t  power d i s t r i b u t i o n  curve. 
f o r  neut ron  =cape, and probably lower uranium investment. 

You would eliminate some of the unfavorable ra t ings  
You would have loner  sur face  

You know that the mechanical problems and t h e  problems of ge t t ing  the  
c o a t i n g  in and out would be severe; but it might be interest ing to know 
what  t h e  theore t ica l  an8wer to that question is. 

YB. gaLITINSKX: 
t i o n a  from the square cylinder.  
r e a c t o r  t o  a cer ta in  extent.  

The wwer is yes, we have invest igated various devia- 
We have invest igated the spherical 

The main d i f f i c u l t y  there  ia that you have t o  have a spherical ly  
symmetrical flow if you want even power d i s t r ibu t ion .  
p u t  t h e  f l o w  in more or less from one s i d e  and out  the other, you cannot 
have even power d b t r i b u t i o n  became you have then to adjust  your power 
d i s t r i b u t i o n  to  the passage length. 
h i g h e r  with the spher ica l  r eac to r  than with t he  rquare cylinder. 

If you try to  

Your manium Investment would be 

Now, t o  g e t  uniform flow L mechanically very d i f f i c u l t  without going 
t o  ve ry  high porori ty  because you have t o  have In-flow channel; then 
your axial  heat transfer channels; and then an axit channel. 

Therefore ,  the porosi ty  of your spher ica l  r eac to r  would be much higher 
t h a n  t h a t  of a ro l id  one. 
investment ,  but we are d e f i n i t e l y  coxmidoring, have considered, tha t ,  

That again would tend to Increase the uranium 
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fino I think one devia t ion  from the s tandard shape, the  s p l i t  reac tor ,  
was mentioned. 
rounding o f f  t h e  corners  of a square cy l inder .  
in rounding o f f  the corners ,  which g ives  you an appreciable saving in 
s h i e l d  weight, and s t i l l  no t  l o s e  too much in thermal s t r e s s ,  uranium 
investment ,  and so on, which is r e a l l y  approaching the spe rh ica l  shape, 
is t h e  question. 

One of t h e  s tud ie s  t h a t  is under way now concerns 
J u s t  how far you can go 

W .  OHLINGER: 
I do no t  aee your po in t  in saying t h a t  the neutron d i s t r i b u t i o n  would 
be improved. 
c y l i n d r i c a l  -0 

Iw. FLADW: I did no t  mean neutron d i s t r i b u t i o n .  I meant t h e  sur face  
area is lower. 

There I s  one statement I would l i k e  t o  add a t  t h a t  point.  

It w i l l  no t  be improved by the  uae of  the  s p h e r i c a l  o r  

YB. OHLINGER: You a r e  thinking of leakage. 

MFt. YIOONEYHAM: 
l o n e r .  
concent ra t ion  of f i s s ionab le  mater ia l  in a moderator. 

Be you p o h t  out ,  f o r  a sphere,  t h e  sur face  t o  volume is 
Hence, t h e  sphere does give you minimum c r i t i c a l  mass f o r  a given 

The answers we have f o r  square cy l inder  r e a c t o r s  can e a s i l y  be converted 
t o  s p h e r i c a l  reac tors  a t  poin t  of i n t e r e s t ;  so, without add i t iona l  e f f o r t ,  
t h e  information we have can be i n t e rp re t ed  i n  terms of a sphere. 

In  f a c t ,  p a r t  of  t h e  Information is derived from t h e  bas i s  of  the  sphere 
and converted t o  a cyl inder .  

m. FLUER: What would be the  t h e o r e t i c a l  saving i n  uranium use? 

IdR. MOONEpHdw: It is i n  the  order of f i f t e e n  t o  twenty per  cent.  

Iw. FLUEX: 
t h e  mechanical design problem? 

Vouldn't t h a t  j u s t i f y  a s e r ious  e f f o r t  in making a s tudy  of 

W. WONEXHAJA: The mechanical design problems have been s tud ied  in the 
a p h e r i c d  caae, as  Mr. Kali t insky points  out, but t h i s  is r e a l l y  a second 
o r d e r  of effect. When you have a f a c t o r  of  fou r  in uranium economy due 
t o  t h e  complications of temperature, poiaonirg,depletion, and so fo r th ,  
and you only have a f a c t o r  of ,  say, 1.2, to rumor changes Fn geometry, 
and a complication such as cooling channels,  where you have non-bo- 
t r o p i c  voids  in your reac tor .  
inve  s tmen t . This  l eads  in some cases t o  h i g h t r  uranium 

So a l l  these  must be considered, but  it is a second go-round a f f a i r .  
are p resen t ly  studying t h e  e f f e c t  of separa t ing  the  halves o f  the  reactor  
so you can introduce t h e  coolant. 
t h i s  t heo re t i ca l ly ,  and w e  have some empir ica l  da t a  coming ou t  of K-25'~ 

We 

It would f l o w  out. Ne are at tacking 
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c r i t i c a l  experimentation l a b s  in which we are separat ing -- I am involved 
in t h i s  work, by the way 0-  cy l inde r s  in uranium solut ion and f inding the 
e f f e c t  on the c r i t i c a l  maas a t  various aeparat ions f o r  var ious atomic 
r a t i o a ,  and so for th .  

So we a r e  doing some work on tha t .  

y ~ .  &&ITINSKI: Are there any more comments? Any more questiona? 

YB. C D V E L L :  
clear t h a t  up. 
into t h e  middle r a the r  than the middle out  t o  g e t  the counter-flow 
effect. 

One question on the  s p l i t  r eac to r ,  I wonder if we can 
You would think that you would want to go from t h e  ends 

That would be the  outer  port ion,  or would i t ?  

Ut. KALITINSKT; Hr. Caldwell 'r question was whether or not there wotild 
be an advantage In the apl l t - f low reac to r  to f l o w  from the outside in, 
because you follow the n a t u r a l  temperature grad ien t  t o  a grea te r  extent.  

I b e l i e v e  there  la. 
t o  a t r u c t u r a l  reasons, because p u  w i l l  have t o  have a baff l ing and 
a u p p o r t  a t ruc ture  in the  center  and you w a n t  t o  make tha t ,  because it is 
in a very c r i t i c a l  region, out  of materials t h a t  have l o r  neutron abaorp- 
t i o n  croas-aect iom. 
lor- temperature  region. 

I bel ieve the  primary i n t e r e a t  i n  the reverse  la due 

Your choice L wider if they  are^ operating in a 

I t h i n k  t h a t  mas the  primary maion.  But I think t h a t  is an i n t e re s t ing  
p o i n t .  

W .  YERilZLL: 
advantages of machines ver8ua human computers. 
W r e e  in these conclusions. 
t h e  Eniac, which fs t h e  going machine now, per mistake, whether It be a 
thousand, t e n  thouaand, or a hundred thousaqd, I suspect it f s . t h e  order 
of t en  thousand ca lcu la t ions  p e r  mistake, you have t o  search far and d e  
t o  f i n d  a h u a n  computer capable of t h a t  accuracy. 

I have 80me more comments with regards t o  the r e l a t i v e  
I think Yr. Ohlinger w i l l  

However many ca lcu la t ions  you grant,  say, 

h o t h e r  thing in connection with the  uae of t he  machine versus the  human 
computers is the problem of keeping people happy a f t e r  you have found 
them. That may be a more d i f f i c u l t  problem. It ie. 

a. OHLJNGER: 
againrr t  the machines. 

L31. JEEWLL: 

I am &aid you have my viewpoint wrong. I am not ta lking 
I am in favor of them. 

I jut pointed t h a t  out. 

LIB. UITINSKY: 
c o n t r o l a  . I think we can proceed now with the p a r t  r e l a t ing  t o  

I would l i k e  t o  introduce k. Mward Bet t ia ,  who i s  the head of our 



Cont ro l s  and Instrumentation Sect ion,  which is primarily In t e re s t ed  in 
t h e  development of cont ro ls  and the sensory  instrumentation t h a t  goes 
along with them, a s  well as  other  r e l a t e d  phases in e l e c t r o n i c s ,  
measuring devices,  and 90 on., 

Mr. Bettis. 

YB. BETTISt I have some curves here  t h a t  a r e  q u i t e  small, and If any of 
you w a n t  t o  f ind  place up c l o s e r  t o  t h e  h.ont, it might be advantageous. 

I have been accused qu i t e  j u s t l y  in being a l i t t l e  bombastic in my ta lk ing ,  
b u t  I would l i k e  to  say  one thing in defense.  
n o t i c e d  how I happen t o  come so c o n s i s t e n t l y  r i g h t  after lunch, when 
everyone w a n t s  to take  a nap? You go right ahead and take  a nap, bu t  you 
will do so in s p i t e  of my ran t ing  and rav ing ,  

I am go- t o  t r y  t o  give you t h e  p re sen t  s t a t u s  of our c o n t r o l  p i c tu re  
a s  w e l l  as whet has t r a n s p b e d  in  the pas t .  
t h e  fact t h a t  some of t h i s  t a l k  i8  f u t u r i s t i c .  
delayed in coming ou t ,  and t h i s  is n o t  a meeting of the  h i s t o r i c a l  society.  
He want t o  be brought up t o  date  on what is going on. 

Have you gentlemen ever 

I make no apologies for 
Our r e p o r t  wa8 unavoidably 

Another thing; our NEPP #6 Report marks a termination of a kind in the  
c o n t r o l  study. It is concerned p r h a r i l p  w i t h  theory and a l o t  of t h e  
p r a c t i c a l  appl ica t ions  of t h e  con t ro l  problem have not been t rea ted .  

Secondly, t h i s  NEPA #6 Report which you have deals e n t i r e l y  w i t h  the 
r e a c t o r  control i tself .  
philosophy to some extent;  from here  on o u t  it w i l l  be pr lmar i ly  
engineer ing i n  nature ,  

We are now changing our  viewpoint and our 

Re have l e f t  a l o t  of t he  theory, pure theory. 
we w i l l  be concerned with the  con t ro l  problem of the o v e r a l l  r eac to r  
and power p lan t ,  no t  just the  r eac to r  alone. The time has come when 
we must consider t h e  ove ra l l  picture .  

Briefly now, t o  just g ive  you w h a t  is in NEPA 1y6 and some explanation 
of it, re  are going again t o  be faced for few minutes with t h i s  o ld  
simulator question. 
not to p r a i s e  it. 
p resen t ing  here this oscillogram. 

Also, from here  on out,  

I come today, p r a i s e  be, t o  bury the  s imulator ,  
Th3.s i s  t h e  end of s imula tor ,  per se, and I am 

The reason it is so small is t h a t  I d i d  n o t  want t o  fake t h e  thing in. 
I wanted you t o  see t h e  ac tua l  oacillogram of t h e  simulator,  because 
you know i n  t h i s  pouer p i l e  con t ro l  we had t o  have some idea o f  t he  
t ime response of t h e  p i l e ,  and f o r  very  complex functions of time in 
etxcess mult ip l ica t ion  f ac to r s ,  and for t h a t  reason we b u i l t  t h i s  
e l e c t r o n i c  computer. 

It was based, as we have to ld  you time and again,  on t h e  t h e o r e t i c a l  
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p i l e  OqUathM. It is no better than the  assumptions on which it l a  
based; no better than the datc), t he  f i v e  delayed classes  of neutronr 
and t h e i r  contribution. 

Uter having b u i l t  the thing, we ran an oscillogram here, giving it the 
same kind of treatment t h a t  we g i m  the p i l e  equations ana ly t ica l ly ,  
namely, a step function. 

When r e  gave it a s t e p  funct ion in axceas K aa near ly  as it ia humanly 
p o s s i b l e  to give a s t e p  f’unction by f l i pp ing  a switch for a ce r t a in  period 
of time, and then flip t h e  switch down again to zerc Kc, a double-ended 
atep funct ion,  in other words, the s o l i d  line that you see here t r aces  
t h e  response of the simulator.  

l e  do n o t  mean that it g e t s  up here in mro time, but it simply means 
with the  oscil lograph which we used, having g a l v a n o ~ b b r s  which resonated 
1700 CC, it did not  t race.  It could not  make the picture  there.  

The round Wk6 which we have on this curve are the calculated data  
imposed on t h i s  curve. 
graph;  and the round poin ts  a re  the ca lcu la ted  points. 

Right here there  is an apparent discrepancy when we came down t o  zero 
Ke o r  a c e s 6  K again. 
c a l c u l a t i o n  said we should be up here. 

The solid l i n e  was d r a m  by the machine, osc i l lo -  

The machine a d d  we should be down here and the 

Tha t  w a s  bough t  about by the fact that in the switching of the s h -  
lator,  there  was a momentary open c i r c u i t i n g  of the awltch, which Lp 
our par t i cu la r  c i r c u i t  pu t  in minus 0061 Ke, just a pecul ia r i ty  .of the 
c b c u i t .  

So the simulator came dorn t o  a lower l e v e l  than the theory indicated 
it ahould, if you d id  no t  take into account this pecu l i a r i t y  of the 
c i r c u i t  . 
At t h i o  point we stopped the recording and l e t  the  simulator run on 
u n t i l  an e q u i l i b i u p  condition had obtained; t h a t  io ,  v ir tual ly  so, 

Nor it approaches it exponentially,  But after Wa minutea we star- 
t h e  oscil lograph again, and we find t h a t  it L ue t t l ed  d m  t o  the 
v a l u e  which it ahould have keached. 

So, gentlemen, I hope, with a few appropriate  remarks, we inter this 
for ell future time. It is now b u i l t  up in the  form of a useful ploce 
of equipment. He have a a l d  it t o l d  us the truth about that; we w i l l  
t a k e  its word fo r  any future information which it g i r s r  tu; and we ace 
aaying t h a t  t h i s  aimulator ia a airnulator of a per fec t  p i l e  in accordance 
w i t h  the assumptions on which the aimulator was bui l t .  

h- 
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We s a i d  we wanted to  g e t  information from t h i s  s imulator  about p i l e  
response and we a lso  wanted t o  use it as a machhe  a g a i n s t  which ne 
could check any cont ro l  c i r c u i t s  which we worked up. 
is even l e s s  v i s i b l e  t o  you in the  back than the  o the r ,  bu t  here ne 
p u t  a stel r eques t  a t o  the  cont ro l  mechanism and s a i d ,  aTake the  
power l e v e l  UP . J a f a c t o r  of  t e n  t o  one as quickly as possible." 

This curve here 

We see that we were opera t ing  down here; the  new power l e v e l  is here; 
t h e  con t ro l  mechanism brought it up in something l i k e  three ten ths  of 
second, because the l i m i t a t i o n  there  is i n  t h e  feet  of t h e  servo which 
we had, and held it cons tan t  a t  t h a t  value. 

This curve here is t h e  t r a c e  of the excess IC, o r  actual equivalent  
rod motion, if you w a n t  t o  c a l l  it t h a t ,  n e t  Ke, n e t  access, which was 
necessary  t o  make t h i s  s t e p  and to  maintain t h i s  new l e v e l .  

The s o l i d  l i n e  is t h e  t r a c e  of t ha t ,  which we g o t  from t h e  oscil lcgraph. 
Again the  do t s  on the  curve represent  a n a l g t f c a l  t rea tment  of t h e  p i l e  
equat ion,  where the  curve should have been. 
trace of the  delayed neutron contr ibut ion,  and you see t h a t  t h i s  fs the  
inverse of t h i s ,  which is c e r t a i n l y  a s  it should be. 

The t op  t r a c e r  here  is a 

The reason t h a t  you have t o  i n s e r t  absorber rods after you have made a 
s t e p  reques t  is that t h e  delayed neutron8 begin making t h e i r  contribu- 
t i o n ,  and so you have to p u t  in more absorber rods, or in o the r  norda, 
your t h r o t t l e  has t o  go back t o  the zero pos i t i on  and maintain your 
mul t ip l i ca t ion  f a c t o r  of exac t ly  1. 

So these  do t s  and curves are sFmply, again,  j u s t i f i c a t i o n  of t he  simu- 
l a t o r  and an idea of how t h e  cont ro l  mechanism does funct ion.  We do 
not recommend tha t  we try to make our power level changes of t h e  order 
of 10 in 1.3 seconds. 

l e  make these s tud ie s  on t h i s  fundamental premise with which we a t s r t ed  
o u t  in the beginning. We are going to see w h a t  t h e  maximum is t ha t  we 
can a t t a i n  by way of time response without going to rather spec ia l ized  
developmental work in servos and such l i k e .  

So r e  108 t h a t  we have now f inished a p i l e  computer, a aimulator,  and a 
c o n t r o l  mechanism f o r  t h a t  simulator alone. 
t h e  simulator is a very, very small standard e l e c t r i c a l  servo system. 
Obviously it cannot move con t ro l  rods i n  a p i le .  

The con t ro l  mechanism f o r  

The next question was; 
mechanism, which i a  capable  of having 4he same time response and a t  
t h e  same time have enough power to'rorS 

Can we build a servo mechanism, a power 

m t r o l  rods? 

So we began development of a aervo s, t e m .  
use. 

It may never eee a c t u a l  
There may be a better one. But around t h i s  magmtic f l u i d  clutch 
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we b u i l t  a servo system which we t i e  on t o  the  thing, and it runs along 
l i k e  a c a l f  a f t e r  its mother try- ,to, Zollow the response of the  l i t t l e  
fas t  system. It does follow. 

The one that we have b u i l t  has a con thuous  power production of about 5 
horsepower, or an instantaneoua power demand or  c a p a b u i t y  of some 20 to 
25 horsepower, because of t he  i n e r t i a  t h a t  you heve b u i l t  up bas i ca l ly  
i n  a c l u t c h  type of  servo system. 

This  is re fer red  to in t he  NEPA #6 Report as  fu ture  work, this pomr 
development. Ue have b u i l t  t h a t  and t r i e d  it as far as the magnetic 
f l u i d  c lu t ch  is conarned.  
w i th  a magnetic fluid clutch.  
itself, oil ce l l s .  
cont inuous ly  8 i thout  g e t t h g  cen t r i fuga l  ac t ion  and separat ion of the 
o i l l  from the iron. 

There a r e  obviously some d i f f i c u l t i e s  
You have temperature e f f e c t s  in the o i l  

You cannot run t h e  thing above a ce r t a in  speed 

That  does not obtain if you s t a y  down a t  reasonable speeds, speeds which 
a r e  p e r f e c t l y  useable f o r  our cont ro l ,  incidental ly ,  

Again, I want t o  emphaaim t h a t  t h i s  is j u s t  a system. It may never see 
appl ica t ion .  But we are 
trying in t h i a  control  problem t o  e s t a b l i s h  cer ta in  beachheads, ce r t a in  
t h i n g s  t ha t  we can fa l l  back on fn t h e  overall solution. Un t i l  we f ind 
something better, re are going t o  say t h a t  we can, we believe,  make we 
of t he  magnetic f l u i d  c lu t ch  a s  t he  follow-up servo in control  of a p i le .  

There my be others  which may be much bet ter .  

We have talked about the p i l e  simulator aa being an ideal p i l e  simulator. 
We have not  mentioned poison, temperature e f f e c t s ,  apd such like. 
early became apparent t h a t  we must take i n t o  rccotdt a t  l e a s t  xenon. 

Equat ions for xenon changes a s  a h c t i o n  of t h e  are not  ava i lab le ,  
and we d i d  a l o t  of ca lcu la t ion  as to jast how xenon would a f f e c t  the 
dynamics of control. 

It 

I again r a n t  to  emphasize the word mdynamics,m because here again we 

known; but  lf we were t o  g e t  anywhere, we h d  t o  assume some cross- 
s e c t i o n .  
hands on and sa id  f o r  our  work, this w i l l  be, by def in i t ion ,  a cross- 
r e c t i o n  of xenon. It can be arodified as  addi t iona l  information 
become8 available.  

made 80m W s w f h n S .  The mO88-8OCtiOn O f  XOIlOXl b not to0 Wen 

So 10 took the most passfmist ic  figare we could lay our 

l e  made a study for a t y p i c a l  hypothet ical  f l i g h t  of a nuclear powered 
c r a f t  where we started from aero with a reac tor ,  b u i l t  it up t o  a 
c e r t a i n  power level, warm up; then took it up in a shor t  period of time 
t o  an extreme power level. 

You no t i ce  there are no ordinates over here. I m i l l  errplain them .B we 
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go along. 
f l i g h t  power 1-1 of t h e  r eac to r ,  and then s h u t  the th ing  down. 

10 settled it back down t o  t h e  design p o i n t  poner l e v e l ,  or 

l e  r an ted  to know, what is xenon going t o  do in t h a t  cycle? He know 
t h a t  xenon comes from iod ine ,  tellurium, and iodine. 
of radio- iodine produces xenon, and xenon has its h a l f - l i f e ,  i ts o m  
decay  time, and ia a l s o  knocked ou t  by neutron capture.  
b u i l d s  up to  an equi l ibr ium point.  
would have come on up here  t o  a c e r t a i n  equi l ibr ium p o i n t  for a given 
power l eve l .  

The n a t u r a l  decay 

The iodine 
If re  had no t  changed this, it 

We see t h a t  t h e  xenon is on the  same scale as t h i s  is doun here,  but 
t h i s  p l o t  of it is ju s t  simply to  bring ou t  t h e  v q r i a t i o n s  which are 
washed ou t  on the  s c a l e  here.  
t a k e  a power jump l i k e  t h i s ,  you momentarily knock ou t  a l o t  of the 
xenon which iS there before w i t h  the l o n g - t h e  cons tan t  of iodine 
being several hours, 6.7 hours,  o r  thereabout.  
80 you g e t  a n e t  decrease i n  xenon r a t h e r  quickly; and then it b a i n s  
t o  bu i ld  up again. 

When you s h u t  down ou t  here ,  this knockout f a c t o r ,  the absorption of 
xenon o r  transmutation of  xenon by neutron capture ,  no longer  takes 
p l ace .  So t h e  xenon bu i lds  up very, very rapidly.  

The xenon bu i lds  up here;  and when you 

No more is formed, and 

What we say is this: 
will give  u s  t rouble  in t he  cont ro l  of a r e a c t o r  a t  the power levels 
which re  present ly  contemplate for any operat ion cycle  l i k e  t h i s .  
Obviously, when you g e t  ou t  here and the  xenon builds up t o  a very, 
v e r y  high value,  it is quest ionable  whether or not  you can start up 
a g a i n  u n t i l  a rad io  decay o f  the xenon has brought it down t o  a reason- 
a b l e  l ivo l .  

From these curves it does no t  appear t h a t  xenon 

In order  t o  s tudy  t h i s  more thoroughly than just  this one set of da ta  
which we had t o  work ou t  ana ly t i ca l ly ,  re bui l t  again a simulator.  
t h i n g  I doubt rill ever be used any more, because we made the  s tud ie s  
which were necessary and which e a t i s f l e d  a# that xenon a s  a problem 
of  dynamic con t ro l  does n o t  e x i s t .  That is the  present  vier, and I 
t h i n k  it rill be the f inal  vimo But in t h i s  matter of contxol ,  aa 
far as I am concerned, nothing w i l l  be final until that g lad  day when 
we turn on the  t h r o t t l e  and g e t  t h e  power under our c o n t r o l  like we 
want it t0 be. 

The 

Mow then, t h i s  xenon aimlator we operated a t  a power lstel here on 
t h i s  same curve. We have the same p i l e  simulator response here ,  and 
i n s t e a d  of t h e  n e t  Ke which r e  t raced  on the o ther  curve, we have 
h e r e  a combination of n e t  Ke and xenon poisoning. 

We f i n d  t h a t  now in order  t o  compensate f o r  xenon, which is this line 
right here, the  xenon is politician when you make t h i s  power change. 
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That  is w h a t  xenon is. 
p move, and then whichever way public  oplnion was, it s a p ,  '1 am 
go+ really to jump in the f'ront now and take the lead." 

It sits where it b u n t i l  public opinion makes 

If YOU want t o  lift the p i l e  up, the  minute you move to lift the p i l e  
UP, the xenon says,  nLey's take it up, but f o r  good.' 
t o  shu t  it down, it says, "Let's take it down." 

If you st& 

So immediately, when p u  start t o  rabe  the power level, you have to 
put in some posi t ive mul t ip l ica t ion  fac tor .  
in t h a t  direct ion,  xenon, which has been present as a poison, is 
knocked out, and you f ind  you have t o  withdraw your rods, or  i n s e r t  
them, if they are absorber rods. 
do the  thing. 

This line r i g h t  here is aero Ke. 
s t imulus  necessary t o  make the raise in power. 
t he re ,  I am sure. 

But as soon as you a t a r t  

Not only tha t ,  but you have t o  over- 

This l i t t l e  b i t  of a hump is the  
You cannot see it back 

You can look a t  it later. 

Then t h i s  long line down here is the fur ther  rod motion t h a t  you have 
t o  pu t  in t o  make up for t he  over-enthusiasm of xenon. 

Here again we have put c d c u l a t o d  points  on the xenon simulator to 
see if we could take the word of thb machine which we have built  for 
future considerations, and it 8eem to give a good account of  itself. 

This extreme case was run for a power level, an absurd power level, of 
10,000 negowatta, or 10 mill ion kilowatts,  up to 100 million kilouatta,  
a l e v e l  t ha t  we w i l l  not encounter a t  all. 

The xenon effect is much le83 severe. 
On that basis  we say we do not  have t o  consider xenon in the dynamics of 
c o n t r o l  a t  t h i s  point. 
bear it out. 

It b a function of power level. 

I believe t h a t  further work w i l l  vindicate it, 

We have not  mentioned anything about samarium in this discussion. 
Samarium, Of C m S e ,  b a poison, d S 0 j  but SWlmiUm has Ody about 
20 per cent  yield of xenon, has more of a cross-aection, and it cannot 
in our opinion alter the picture materially. It does not have a natural  
decay, and w i l l  stay in the pile  once it t formed, unless it is burned 
out  by pulslng methods OF some such ww t o  destroy it. It w i l l  not of 
itsel3 decline at  31. 

1 th ink  that with that brief discussion, we w i l l  pass on to some other 
r a t h e r  brief points and then come t o  the future planning f o r  the control 
work. Ron@e control has been mentioned ln  the past. We Imou that we 
rill have to have some klnd of  remote control for t h i s  s ta t ionary 
r e a c t o r ,  and for the  first airborne one we cer tainly w i l l  need remote 
contzol of a kind. 

. 

\ 
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SO we have developed two systems of r ad io  cont ro l  and telemetering. 
These are b u i l t  and a re  in use. He w e  j u s t  l e t t i n g  them s i t  u n t i l  
t h e  time comes when we need to use them, or if in the  meantime some- 
body comes up with a much b e t t e r  system, we will be g l a d  t o  throw 
t h e s e  out  the window. 

But we do have an FmYm l i n k ,  Command l i n k ,  t h a t  has e i g h t  con t ro l  
o p e r a t i o n s  possible in it, so that we can e x e r t  cont ro l  over a p i l e  
and con t ro l  of a i r f o i l  sur faces  when t h a t  time comes. 

le have a telemetering link that i s  capable of giving us 12 b i t s  of 
information on one channel and rill be applicable t o  g e t  back data  
of all. kinds from a s t a t i o n a r y  p i l e  or from an airborne p i l e ,  when 
t h a t  time comes. 
d i scussed  in NEPA No. 6. 
p r e s e n t  time. 

There b no need t o  go in to  it further. It is 
It i s  r e a l l y  of minor importance a t  the 

Rumber 5 ,  sensory instrumentation, of course, causes us q u i t e  B b i t  
of concern; in IEPA No. 6 we say t h a t  the program is being i n i t b t o d  
dong t h a t  l i ne .  

We have a sensory device i n  a crude form, but a sensory device which 
is insensitive to gamma r ad ia t ion ,  which ind ica tes  on ly  the number of 
neu t rons  that are absorbed by t h i s  methane counter. 
d e v i c e  which, s ince it opera tes  on fast neutrons, cnn be loca ted  
wi thou t  the sh ie ld  in low temperature regtons aad s t i l l  g i v w  us, 
according t o  Mr. Cooper's statements about the speed of neutrons, 
s e n s i b l y  an instantaneous account of the fission r a t e  wi th in  the p i l e .  

It has a t t a i n e d  some measure of success now. 
i. 

So we have a 

T h i s  thing is ce r t a in ly  in a labora tory  s t a t e  a t  the p re sen t  time. 
It will need a grea t  dea l  of development, but it is the first time 
t h a t  we have found a sensory device which i s  insens i t ive  t o  gamma 
r a d i a t i o n  and other f i s s i o n  by-products of rad ia t ions  and which givea 
you 8 t rue  indicat ion of neutron flux or f i s s i o n  r a t e  a t  any time. 

Bow then f o r  fu ture  work. 
m can go r i g h t  nor with the p i l e  simulator alone i n  the s tudy  of the 
c o n t r o l  problelnr 

It looks as  5f we have gone about as far as 

I w a n t  to emphasise here t h a t  we do no t  m a n  by that that we have a l l  
the answers t o  the  con t ro l  problem. 
l i t t l e  more information before we can go f u r t h e r  i n to  some of the 
things which we have covered; t h a t  is, profitably. 

l e  have to wait u n t i l  re g e t  a 

Ue propose nom t o  go a s t e p  f u r t h e r  in the  study of the  ove ra l l  
c o n t r o l  problem, and we are going t o  build a mockup, I hope. 
least, the  plans are t o  do abm 
some energy instead of just 8 VoltAge proportional to fission ra ta .  

At 
We now are ac tua l ly  going t o  g e t  

1 1 8 5 2 1 2  75 



This is a proposal. 
proposal ;  it is a proposal t h a t  we opera te  a turbo-jet  by hea t ing  
wi th  a s o l i d  mass the  gas which opera tes  t h e  jet. 

You can ad1 it a modest proposal or an immodest 

I have shown two here. In the first 
one, re  propose t o  heat  some s i l i c o n  carbide rods i n  a heat  exchanger, 
and t o  l e t  t h i s  small turbo-jet ,  e s s e n t h l l y  about loo0 ki lowat t s  of 
energy, operate  from t h i s  heatad a i r  and t o  s tudy  t h e  overall control 
problems involved . 
We are going t o  make t h e  power input  t o  this  hea t  exchanger behave l i k o  
t h e  p i l e  by having our  p i l e  simulator cont ro l  t he  output of t h i s  motor 
generabr set. 

We c e r t a i n l y  rill have just one. 

I do n o t  want to be t oo  . pc i  i n  the  f u t u r e  here, but one th ing  that 
makes t h i s  look l i k e  a good proposal t o  us  is the  a v a i l a b i l i t y  of 
such  a power Fns ta l la t ion ,  if we can m a n g e  it; because the re  are 
a t  Oak Ridge motor generator sets, a p l u r a l i t y  of them, t h a t  are  a t  
p r e a e n t  in standby condition. If it cm be arranged, re could use 
these f o r  this cont ro l  problem very r a t b f a c t o r i l y .  

Hero is the  c o n k o l  se tup  f o r  this syatem. 
marks on t h i s  thing and a l o t  of th ings  which we have not p u t  a 
ques t ion  mark on. 
t h ing ,  gentlomen, which you see on this chart which rill exist in t h e  
f i n a l  syatem -- t h i s  t h r o t t l o .  

There are a l o t  of quest ion 

They might s t i l l  be questioned. But there  is one 

You might r a i s e  the  question, t he  way the draftsman has drawn t h i a  
problem, Ff we had a guide or a power capable of moving t h i s ,  we 
would use it t o  propel  the c r a f t .  l e  would not  need to go through 
a l l  t h i s  stuff. 

&pay, we are going to have a t h r o t t l e  omr here which rill be in t h o  
hands of a man rho is going to fly this thing whether he is aboard or 
whether he is on the  ground. This t h r o t t l e  rill be completely a t  h i s  
d i sposa l .  
nearly so as he can m e  it. He can tab it up on a d e f i n i t e  slope, 
or  he can use some rrbl-y way k? which he requests addi t iona l  
t u r b i n e  speed. 

He can throw in a speed r e q r r s t  here instantaneously, a8  

?or the time being, riace there are so many unhowm, we are going t o  
p u t  a governor on hia  request ,  a demand signal duper which rill, in 
response  t o  this request ,  eay, "All r i g h t ;  you have asked f o r  t h e  
r e q u e s t ,  but I will take my t imm to go up." 

This thing w i l l  be variable.  He can change tho slopes of this ehape, 
but  we are going t o  have it under cont ro l .  
demsnd that he puts  i n  here within c e r t a l n  ra thvr  r i d e  limits, t h i a  
thing will send a reques t  signal t o  t h e  p i l o  simulator cont ro l  which 

So, regardloas of t h e  
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goes  up on a constant  r a t e  and leaves  off. 

Tho s i g n a l  f’rorn here r ep resen t s  t h i s .  
it is delayed a l i t t l e  b i t .  
t h e s e  s igna ls .  
is j u s t  an unbalanced c i r c u i t ,  a bridge c i r c u i t ,  which b q i n s  t o  crack 
in excess K as soon as  it i a  thrown ou t  of  balance. 

I rant you t o  know t h a t  in time 
This is zero t iae and is t he  same f o r  

It is delayed a l i t t l e  b i t .  The p i l e  s imula tor  con t ro l  

This  l i t t l e  servo motor starts the  p i l e  to  respond t o  t h i s  request .  
says ,  “Get up,” and it starts going up. 
u s u a l  servo feed-back. 

It 

It has g o t  t o  have something t o  balance against .  
This re tu rn  l ine  here  is t h e  

We find here t h a t  the  curve of Ke which t h i s  motor introduces may take 
a v a r i e t y  of shapes. 
a b s o l u t e  value of Ke w i l l  be chosm, and the  f a s t e r  it w i l l  g e t  there. 
If it comes a t  a more gradual  s l o p ,  it rill not use as high an excesa 
K and it rill be a gradual ly  increas ing  function. 

The f a s t e r  and t h e  s teepor  this slope, t h e  higher 

These marka I made are ind ica ted  by an envelope here, and t h e  f h s t  red 
ques t ion  mark we come t o  here is of importance. Ue want t o  know how 
much we can allow by way of excess r e a c t i v i t y  and s t i l l  maintain 
abso lu te  safe control .  
l i n e  . There is a d i f f e rence  of  opinion along t h a t  

One of our consul tants ,  Dr. Hans Bethe, t h inks  t h a t  m should never 
have a system which would a l l o w  more than double zero threo  oxcess 
r e a c t i v i t y  a t  any time. One of the reasons t h a t  r e  r a n t  t o  s e t  up 
t h i s  experimental thing is t o  f i n d  t h i s  out. 
know a l l  the  answers, we c e r t a i n l y  would not  build t h i s  thing. 

m a t  can we do? If we 

After we g e t  this signal in again with a c e r t a i n  time delay,  a very 
small one, a s  you have seen from some of these 0th- curves, t h o  p i l e  
s imula to r  pu ts  out a vol tage which is proport ional  to  f i s s i o n  rate. 
This is a high f i s s i o n  rate; t h i s  is low. We are changing from one 
l e v e l  t o  another. T h i s  vol tage goes into an e l e c t r i c a l  power cont ro l  
u n i t  here ,  which operates on the e x c i t e r  of a motor genera tor  s e t  and 
g i v e s  us an output of power over here,  6,000 kilowatts.  
1,000 t h a t  we need f o r  one of  these particular l i t t l e  engines t h a t  we 
are talking about. 

We h a w  about 

L e t  u s  say, f o r  example, t h e  l i t t l e  bogue u n i t  that  I be l ievo  has an 
a i r f l o w  of about f i v e  pounds per aecond, something like that .  We havo 
an o v e r a l l  power gain in here of L@O,OOO. Nor re  can begin t o  g e t  
some power t h a t  is comparable in a mild r ay  t o  the  powers we are t a lk-  
i ng  about  in these  nuclear roactors .  

Here again we have t h e  serw feedback loop. 
level of  t h i s  thing, which can be thought of as a power uaplifier, must 
balance aga ins t  the vol tage output  of the  simulator,  so t h a t  now wo 

Because tho output  power 
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throw i n t o  t h i s  h e a t  exchanger here  power qu i t e  s i m i l a r l y  to t h e  w a y  
in which power is developed in a nuclear  r eac to r ,  

After we g e t  thirr heated up, we do n o t  h o w  how it w i l l  respond. He 
r a n t  t o  find out  how it will respond. 
some of you rill immediately say, Vell ,  the  pressure r a t i o  of these 
l i t t l e  t u r b h e s  is a far c r y  from the pressure r a t i o  t h a t  we have heard 
t a l k e d  about." 

Let me poin t  out  here what 

It c e r t a i n l y  is. 
t h i s  r e a c t o r  so t h a t  heat-wise thoro w i l l  be a s imi l a r i t y .  
p e r  hundred degrees change of reactor temperature, we ought to g e t  t h e  
same h e a t  i n to  the  a i r  as we would in our eventual reactor .  

A l l  we a r e  t r y i n g  t o  do ia to increase the  a r e a  of 
I mean, 

Uhen I g e t  over in here and t a l k  about  hea t  exchangers, immediately I 
cam be f loored quick l r .  So I haw some boys here rho can answer some 
ques t ions  on t ha t .  
make a f o o l  s ta tement  of my opinion. 

I rill j u s t  pass  over it r a t h e r  quickly before I 
I am capable of doing it. 

After t h i s  heat8 up, the a b  from a tu rbo- je t  comes in and we g e t  a 
speed response. 
t o  be? What is t h i s  time from here t o  her, o r  r a t h e r  f iom hare  t o  here? 
&e we g o i n g  to have this overshoot? 

What is it going to look like? How long is it going 

Can'rs hold it up here? 

C e r t a i n l y  we w i l l  h a w  overshoot if r e  t ry  t o  shorten t h i s  time too  
much. It is u r e r s  l i k e  t h a t  that we want t o  try to get ,  and tho  
t h i n g  rill be he lp fu l  if ue use extreme d iac re t ion  In i n t e rp re t ing  
results . 
If re go off half-cocked a d  t ry  t o  ex t rapola te  too far, it w i l l  be 
more hermful than it is b e n e f i c i a l .  
t h e s e  aignals, a careful s tudy  of t h e  thing, I feel it rill g ive  us a 
g r e a t  d e a l  of information which we do not  present ly  have. 

But if we pu t  recorders  on a l l  of 

These dot ted  red lines here  are just like the  r e s t  of them, and tho 
draf tsman fo rgo t  t o  do t  one. 
modify t h e  reques t  s igna l .  He haw asked f o r  an increase in speed. 
Even if we kept this down wry lor, t h e  request s i g n a l  here by our 
ahaper ,  re still might h e a t  t h i s  t h ing  up t o  a poin t  where it would 
be wrecked. 
ture. If it g e t s  up too high, it rill lMt tho request. 

Ue have some parameters t h a t  come in to  

He ar. going t o  have in here  a l i m i t  on tho p i l e  tempera- 

It MY t ry to go up a t  too  great a 8peed, t o o  high a rate. 
going to have a d e r i v a t i v e  of it coming in. 
t u r b i n e  inlet  temperature and tu rb ine  speed. 

l e  aro 
The same ia t r u e  f o r  the 

It is conceivable t h a t  we might no t  need any of these things later if 
r e  adequately con t ro l  t h i s ;  and we do no t  know in what proportion re 
need them. Ue have go t  them in there In red  and w i t h  a g r e a t  b ig  
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q u e s t b n  mark, because these  th ings  are some of the th ings  that  we 
want t o  s tudy by t h i s  setup.  
which approacher the a c t u a l  con t ro l  problem o f  the '  r e a c t o r  mor0 
c l o s e l y ,  a t  least t h e  c o n t r o l  of a pure ly  e l ec t ron ic  gadget. 

It is simply cont ro l  problem now 

I cannot over ~111ph8SiZe the importance of not  trying t o  expect  too 
much from t h i s ,  and also po in t  ou t  the very d e f i n i t e  danger of  a 
mis in t e rp re t a t ion  of the results. But Ff care  is exerc ised  i n  a l l  
of these  f i e l d s ,  I am sure  t h a t  a mockup of t h i s  kind will give us 
valuable  data.  
from a hea t  so l id .  
of  o the r  things.  

We just simply do not  have da ta  on tu rb ine  opera t ion  
We have nothing about turbine response and a l o t  

It is obvious that we have in here some time lags which we will not  
have in a nucleqr r eac to r ,  If we have accurate  osc i l l og ra f i s  of t h i s  
func t ion  here,  and t h i s  and t h i s ,  the time lag, for ins tance ,  between 
h e r e  and here is obviously pecu l i a r  t o  t h i s  setup. 
time lag. 

It is an e l e c t r i c a l  
It could be subt rac ted  from the  t o t a l ,  

That  is what I mean by c a r e f u l  instrumantation of the  th ing  and watching 
o u t  f o r  t he  p i t f a l l s  t h a t  might be present. So we propose as t h e  next  
s t e p  in the  cont ro l  problem to s e t  up such a r eac to r  system as t h i s ,  
if poss ib le ,  and to  instrument it to the ful les t  extent i n  t h e  effort 
t o  try t o  f i n d  where we have gone of f  base in some of our  0th- assump- 
t i o n s  on the  cont ro l  problem. 

Th i s  r ep resen t s  a thermal lag.  
o f f e c t s  of high temperature here. 
wi thout  saying, but I do want t o  poin t  t h a t  out. l e  are n o t  gobg to 
g e t  any temperature effects here. 
where we are going t0 operate  the  temperature effects are negat ivo 
na tu re .  Obviously, they may not  be a t  the  lower temperatures, bu t  we 
w a n t  t o  proceed with extreme caution when we f i r s t  hea t  one of  these 
thingg. Some of  t h i s  information in my opinion, gentlemen, can only 
be  obtainod when we first fLre up one of these  p i les .  

I think that i a  dl I w a n t  t o  take your time with nm, 
w i t h  the quostions, if you have some, a t  the  present  time. 

Of course,  r e  do no t  have t h e  r e a c t i v i t y  
That is one thing t h a t  is obvious 

We have f e l t  t h a t  over t h e  range 

We w i l l  go ahead 

IdB. KALITINSKP: 
ques t ions  or C C N I I ~ ~ ~ ~ S ?  

We w i l l  open the discussion now. Are there any 

MFt. OHLmGEEtt 
t a k e  it t h a t  pour statement about i t a  being suscept ib le  t o  a neutron 
range that will not  be a f f e c t e d  by any other r ad ia t ion  p resen t  assumes 
t h a t  you h a w  a constant  neutron spectrum which is known, and 'hat, 
t he re fo re ,  you are i n t e rp re t ing  the  res t  of t h e  d a t a  by v i r t u e  of 
t h a t  one pos i t ion  on the  neutron spectrum, 

Is that cor rec t?  

I have one, Mr. Kalitinsky. On t h i s  sensory device,  I 
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Wi.  BETTIS: l o t  qu i te .  The thing of it is, it ia a proton r e c o i l  
device and operates  in a propor t iona l  region. 
t h a t  you g e t  f roma proton is so great a t  the  lowest neutron energy 
t h a t  we c l i p  the  o ther  and s t i l l  g e t  it and all above it. 

The degree of i on iza t ion  

Mi. OHLINGER: A second ques t ion  ia in regard t o  the  xenon. A t  t h i s  
s t a g e  of  t h e  game I realize it is too  e a r l y  to  s a y ,  Ve are going to 
f o r g e t  it," o r  We are no t  go- t o  f o r g e t  it." But you indica ted  
a response in t h e  build-up of xenon after shut-down. 

Is t h a t  r a p i d  enough t h a t  an emergency or acc identa l  shut-down i n  t h e  
a i r ,  where you wish t o  resume operat ion within a s h o r t  time, w i l l  not 
g i v e  you a con t ro l l ab le  p i l e ?  

MR. BETTIS: You have a double-barreled question there. In t h e  first 
p lace ,  I cannot t e l l  you how fast you can operate t h e  thing if xenon 
had never been born because of the  thermal l a g  in t h e  p i l e  i t s e l f .  
That may fox you. 

AS I recall, t h i s  xenon build-up does no t  start -- I want somebody t o  
check me on t h i s ,  if they remember -- of t h e  order of t h i r t y  seconds 
or something like tha t .  
There is an appreciable  time. 

It does not g e t  any order of magnitude a t  all. 

This time s c a l e  on t h e  xenon fa in h a r m  down here; and i n  t h e  original  
c h a r t  which appears in NEPA Bo. 6 in a very condensed form, it is very 
d i f f i c u l t  to g e t  information from it, but we c e r t a i n l y  have, s a y ,  t h i r t y  
reconda before  it becomes or hcreases to any grea t  extent  a t  all. 

YEZ. UITINSKP:  I think r e  might po in t  ou t  again that what Hr. Bettis 
was r e f e r r i n g  to is that we be l ieve  we should not worry about xenon 
pure ly  wi th  respect t o  t h e  d y n d c s ,  to the  i n s t a b i l i t y  of control .  

W. BETTIS: That is r i g h t .  

MR. UITINSKY: 
worry about it, with r e r p e c t  t o  t h e  inves bent in urrnitn that i a  
necessary  to keep t h e  p i l e  operating. 

W. BTTIS: Vary def in i t e ly .  

O f  course, we  do have t o  worry about it, and we do 

MR. OHLINGER: 
i n t e r e s t e d  in the results. 

I recognise it is an opera t iona l  problem, but  I was just 

MEf. BETTIS: 
something like that; ten  and a half  or eleven hours, as  I recall ,  and 
then s t a r t s  to decay. 

It reaches a peak t h a t  is a constant around eleven hours, 

YB. YEPER: Have you s tudied  af'ter a shut-down a quick power build-up 

80 

1 1 8 5 2 1 7  t i  



again? I no t i ced  the cutout of xenon i n  t h e  beginning t h a t  the  power -- 
YB. BETTIS: 
could be s t u d i e d  there.  If you rant t o  maintain c o n t r o l  of t h e  p f l e  a t  
a l l  times, af ter  you have shut  it down, l e t  us s a y ,  there  is t he  
d e f l n i t e  p o s s i b i l i t y  t h a t  you could g ive  it bursta and keep t h e  xenon 
b u r n t  ou t  e s s e n t i a l l y .  Since you ga in  more than you l o s e  by burs t ing  
t h e  p l l e ,  you might keep it under cont ro l .  
which I have indicated is f o r  8 complete shutdown. 

Yes, sir. There are certain very d e f i n i t e  th ings  t h a t  

Also, t h i s  tremendous r i se  

If you had a w a y  t o  cool t h e  r e a c t o r  s a t i s f a c t o r i l y  and you wanted t o  
t r y  t o  maintain it ready f o r  a d d i t i o n a l  use, it might be poss ib l e  t o  
b r i n g  it down only t o  a r e l a t i v e l y  low l e v e l ;  then your xenon, of course, 
would not  b u i l d  up t o  such a l a r g e  value. 

We r a t h e r  g o t  away from the  xenon problem without going into a l l  of these 
effects a s  soon as  we found t h a t  f o r  t h e  tyFe of operat ion with which 
w e  are g e n e r a l l y  concerned, a s h o r t  dura t ion  and t h e  idea of just re- 
process ing  a f t e r  a f l i g h t  or somethhg of t h e  kind, we would no t  even 
d e a l  with the  xenon build-up after shutdown at  t he  present  time. 

Today, of course,  it must be faced and solved. 

W. COONEXHAM: 
up a f t e r  a shut-down when you have xenon a c t i v i t y  if you are wi l l i ng  t o  
p u t  i n  enough excess uranium. 

I might add t h a t  in some cases  it is poss ib le  t o  start 

I n  some cases it is not  possible .  

W. OHLlXGEK: That is dangerous, though. 

HR. MOONEYHAM: 
a g a i n s t  it is also uranium economy. 
a t  t h a t  p a r t i c u l a r  time or wai t  unt i l  a period of  h a l f  a day and be 
a b l e  t o  start up then? 

This is dangerous, and I th ink  the  strrng argument 
Would it be worth At t o  start up 

MR. OHLINGER: 
want t o  wait ha l f  a day t o  s t a r t  it again. 

If you are  i n  t h e  a i r  and it shu t s  off on you, you do not  

YB. MOONEYHAMI If you are  in t h e  a i r  and it shu t s  o f f  on you, you 
have in t h e  order of minutes before  the build-up Ls very grea t .  
aga in  depends on what the h i s t o r y  of the  p i l e  is, what xenon has bu i l t  
up. Lf you are near the  end of t h e  f l i g h t ,  this would be t h e  most 
serious. 

This 

However, you would have safety f a c t o r s  c e r t a i n l y  in control.  
w i t h i n  a per iod  of a few minutes you would no t  have trouble. 

I th ink  

DR. SODERBERG: This control  aystem is capable of having cons tan ts  and 
c h a r a c t e r i s t i c s  t h a t  apply t o  a power p l a n t  in a l l  respecta except t h e  
h e a t  engine itself, which n a t u r a l l y  would be much smaller ,  has much 
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less  hea t  inertia. 

Have you considered t h e  p o s s i b i l i t y  of extrapolat ing these r e s u l t s ?  

W. BETTIS: As a matter of f a c t ,  Dr. Soderberg, the  ca lcu la t ions  we 
have made now with t h e  s i l i c o n  carbide ind ica tes  that it is very 
c l o s e  t o  t h e  r e a c t o r ,  a t  least  one of the r eac to r s ,  t h a t  is being 
considered.  An a c t u a l  r e a c t o r  of  t h e  general  type you have heard 
d i scussed  t h i s  morning w i l l  r b a  when you put  200 megoratta, 200,000 
k i l o w a t t s ,  instantaneously into it and e x t r a c t  no heat  a t  all, do no 
cooling. It w i l l  r i se  a t  abou t124  degrees F. per second. 
you fe l lows  check me on these  f igurea back here. 

Now, t h e  r e a c t o r  q u t a t i o n  ma?b here  rill rise  under similar condi t ion 
a t  about 121 degrees P. per  second, so t h a t  t he  hea t  of the  i n e r t i a  or 
t h e  specif ' ic  hea t  per  volume 0- again I am ge t t ing  in terms you may 
s h o o t  me -- is t h e  same as  near ly  am we can figure out  for t h i s  and 
t h e  o t h e r  r eac to r .  

Some of 

The d i f fe rence  is that we do use much g rea t e r  surface here than we 
contemplate  using t the  actual reac tor .  l e  had o r ig ina l ly  thought 
of trying t o  mahtah  a one t0 one correapondence between u n i t  power 
product ion  per  unit volume, but  we had t o  back down on t ha t  t o  some 
ex ten t .  

lor, some people might say,  mat about these globar rods? 
time t o  hea t  them up." 
them on a t  t h e i r  r a t e d  power. 
a t  leas t  s l x  times in t h i s  case t h e  nW power for t he  things; and 
if we sock It r i g h t  into them and they can t ake  it -0 inc identa l ly ,  
t h e  p a r t i c u l a r  units re are t a lk ing  about we have tested; they can 
take that thermal shock, and they w i l l  come up In something l e s s  than 
a h a l f  a second. lfter we found it was t h a t  s h o r t  a time, we d id  n o t  
try t o  determine it accura t e ly  in the  very, very rough experimental 
s e t u p s  that we have tried t o  date.  

It takes  
It does take  tlme t o  heat  them up if you p e t  

But you see, r e  have avai lable  here 

DB. SODERBERG: That ia very encouraging. There remains, then, merely 
t h e  speed respnse,  f o r  example. That would be d i f fe ren t .  

YR. YE=: You could presumably do t h a t  ana ly t i ca l ly ,  I think. 

DR. SODERBERG: Yea. 
modlfled. 

If you g e t  certain resulte here, they could be 

MR. METER: 
of t h e  o the r  compalte3have taken fas t  time response on the  engine f o r  
t h e i r  c o n t r o l  problem.  
every th ing  a t  very s h o r t  intervals of time on j u s t  the engines. 

That i a  t h e  po in t  I was going t o  make. I aa q u i t e  sure many 

l e  have recorded temperature and speed and 

1 1 8 5 2 1 9  



PROF. McADnYlS: Yesterday I was reading  both 
and skippfng through p a r t  of NEPA No. 6. In 
I saw a f i g u r e  of t he  temperature d i f f e r e n c e  
h e a t i n g  su r face  and t h e  a i r  mentioned. 

t he  Lexington Board 
one or  t he  o ther  of them 
between the  r e a c t o r  and 

It s t r u c k  me as somewhat smaller than you speak of. 
100 - 200 degrees F. mean temperature difference between the  r e a c t o r  
t ubes  and t he  air. 
might have been in the  Lexington Report. 

MR. BETTE: 
figuring on here. 
without  oxidat ion up t o  2800 -- a c t u a l l y  3100 degrees F. is where 
t h e y  begin t o  go t o  pot,  and it is a very sharp ly  defined point .  
we rant to run these up t o  the order  of  2800 degrees, the t u r b h e  
which we are using, I bel ieve has about  1600 degrees continuous maximum? 

I saw a figure of 

Is that one of  the  latest  f igures? Perhaps it 
MaJrbe it was not. 

May I give t h i s ,  P ro fes so r  YcAdams, as t o  what we are 
We know, f o r  ins tance ,  t h a t  we can run these  rods 

If 

YIR. SEAVER: Maximum turbine in le t  temperature. 

W. S B :  I do not  think t h a t  ana re r s  Professor  YcAdama' question. 

MR. COOPER; I believe t h a t  would apply t o  a l i q u i d  metal cooled. Any- 
one consider ing an aircooled has t o  use higher than 100 t o  200. 

PROF. YcADAMS: How high do you go? 

MR. COOPER: Five hundred t o  1000, in t h a t  order. 

W. KALITINSlSYa I think we might j u s t  c l a r i f y  one poin t  here. In this 
a e t u p  we are no t  t rying t o  dup l i ca t e  t h e  hea t  transfer o r  thermal stress 
condi t ions  in the r eac to r ,  bu t  we are t ry ing  t o  dupl icate  the thermal 
response; or, if you take t h e  r e c i p r o c a l  of that, the thermal i n e r t i a ,  
t h e l p a l  l a g  of the reac tor  system. 

To do t h a t ,  bas i ca l ly  what you need is f o r  t h e  r a t i o  of  the  rated power 
per  u n i t ,  s o l i d  m i g h t  or volume, d iv ided  by t h e  spec i f i c  hea t  of t h a t  
u n i t  to  be t h e  same a s  t h a t  Ln your r eac to r .  You can achieve t h a t  with 
a low pressure r a t i o  u n i t  simply by having a much more surface area per 
u n i t  volume than you would in the f i n a l  reac tor .  

So we bel ieve  that with this se tup ,  re can have all t h e  important 
va r i ab le s  and constants t h a t  enter i n t o  the  control  system, be a t  l e a s t  
of t h e  aame order of magnitude as  t hose  t h a t  we might expect in t h e  
f h a 1  appl icat ion.  

Therefore,  we  might, from an analysis of the oscillograms of t h e  whole 
system, ext rapola te ,  w i t h  reasonable assurance,  t o  the condi t ions t h a t  
we might expect in the final job. 

I l 8 5 2 2 O  83 



P ba 

Of course,  if t h e  d i f f e rence  between t h e  constants  t h a t  we g e t  here and 
the  cons tan ts  o f  t h e  f i n a l  appl ica t ion  is very g r e a t ,  more than an 
orde r  of magnitude, then extrapolat ion would become very dangerous, and 
re s t i l l  have t o  be on t h e  lookout for t h a t ,  even w i t h  t h i s  system. 

GR. SODERBERG: You have ac tua l ly  a chance of an adjustment. For 
example, the  speed response can be adjusted by f ly rhee l s ,  unless t h i s  
inertia alrezd; is too l a r g e ,  which is n o t  l i k e l y .  

Et. UITINSKP: 
i n s t ance ,  t h e  l eng th  of the a i r  passages and so on, so t h a t  we can 
a c t u a l l y  cover a range of var ia t ion .  

LIR. BETTIS: 
b i l i t J r  of t ry ing  t o  m a h t a i n  constant  temperature. 
be checked with a se tup  of t h i s  kind. 

We hope t o  be able  t o  a d j u s t  t h a t ,  and also, for 

Of course,  as you mentioned t h i s  m o m h g ,  there  is a possi-  
The p r i n c i p l e  could 

3R. S O D E R B X :  Oh, yes. 

Mh. BETTIS: 
71e a s k  f o r  ques t ions ,  and some of  you gentlemen may be too p o l i t e  to 
make t h e  connents you r e a l l y  f e e l .  

I would l i k e  t o  say j u s t  one thing more, Mr. Kalit insky. 

If any of you fee l  t h a t  if it were not  fo r  t he  aircondi t ioning in the 
room you would hold your nose about t h e  whole proposit ion,  I w i s h  you 
would say so; because it would help us in trying t o  evaluate  it. 
s i n c e r e l y  would l i k e  you t o  give us your c r i t i c i sms .  
rugged they are. 

Ut. BiiOIRNE: 
uranium investment requi red  f o r  c r i t i c a l i t y  going from room temperature 
up t o  t h e  operat ing temperature of t h e  p i l e  is the  order of two t o  one, 
due t o  t h e r m a l  expansion and due to production cross-section. 
I do n o t  know what t h a t  represents  in excess r e a c t i v i t y ,  bu t  it must be 
a good b ig  piece.  

I 
I don ' t  care  how 

I have a question. I gather  from reading Report 6 that the 

Ui. BETTIS: Yes, sir. 

YES. BROW?Et 
c o n t r o l  rod. You have t o  have a l o t  of cont ro l  rods t o  handle t h a t  
p a r t i c u l a r  problem. 

I n  f a c t ,  t h a t  is one of t h e  biggest  requirements on the 

UB. BETTIS: Right.  

Et. BRONNE: 
any r e s p e c t  t o  t h a t  inherent  s t a b i l i t y  due t o  the thermal ac t ion  of the 
p i l e ?  

MR. BETTISr None whatever. dll we can say  is, before you can have t h e  

Is t h e r e  anything in t h i s  approach here t h a t  corresponds in 
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thermal e f f e c t ,  you must have a change Ln temperature; and t h e  change 
i n  temperature is slow compared t o  the  capab i l i t y .o f  the con t ro l  
system t o  follow even if we pu t  i n  on one rod the s u f f i c i e n t  amount of 
excess r e a c t i v i t y  cont ro l  necessary. 

m. BROMNE: 
have made so far, t h a t  has not been taken i n t o  consideration a t  all? 

In these s imulators  and o t h e r  con t ro l  inves t iga t ions  you 

MR. BETTISr 
and have s tudied  it f a r  its dynamic e f f e c t ,  and we f e e l  t h a t  dynamically 
it does n o t  apply. 
and we could n o t  move GWO tons with our  con t ro l  system, it would en ter .  
Whether it is one tha ne will use or no t ,  we have b u i l t  a system t h a t  
w i l l  move the  amount o f  rods necessary t o  the  degree of accuracy 
r e q u i r e d  t o  take care  o f  t he  thermal e f f e c t s .  

LIR. BROWNE: 
ia lucky it Is there.  
would have some d i f f i c u l t y  i n  being safe about operating it. 

It has not,  no, sir, except  t h a t  we have recomended it 

E it adds two tons  of weight  t o  the  con t ro l  rod 

I appreciate  t h a t  it is an op t imis t i c  thing anyway. It 
Probably if it were n o t  f o r  t h a t  e f f e c t ,  re 

MR. BETTIS: Unless the poin t  t h a t  Llr. Pren t i ce  brought up t h i s  lcornlng 
ahould ob ta in  i n  other  p laces ,  t oo ,  up a t  the  high temperatures. If we 
ever g e t  i n t o  a regenerat lve e f fec t ,  w e  r i l l  be i n t o  tsouble. 
why I aay t h a t ,  regardless  of how much preliminary study we do, re must 
opera te  t h i s  f i rs t  ac tua l  nuclear b e a s t  as a c r i t i c a l  experiment f i rs t ,  
and then  a s  a zero power, bu t  a high temperature thing next, and then 
approach it very, very ca re fu l ly .  

ME. BROimJE: 
p i l e  in t h e  e l e c t r i c a l  c i r c u i t .  

That is 

You can put  some of t h a t  c h a r a c t e r l s t i c  t h a t  you f ind in a 

Iw. BETTE8 He can, yes, sir, if ne h e w  better. It is d i f f i c u l t .  Re 
can  again bui ld  In some changes in the  cross-section w i t h  temperature 
and can c i r c u l a t e  them; b u t  t h e  a c t u a l  data t h a t  is known about the 
change in f i s s i o n  cross-section w i t h  temperature a t  my l a s t  con tac t  
with it is not t oo  dependable. 
dependable because no high tenperature  p i l e s  have ye t  been operated. 

I do no t  see how L t  could be very 

But you a r e  exac t ly  r igh t .  
t hose  effects . Ue can pu t  Ln, within r a the r  wide l i m i t s ,  

DR. SODERBERGx 
p i l e  back t o  the simulator,  then, j u s t  another control room? 

Rould t h a t  be Ln connection with the temperature of t h e  

Et. BETTIS: T h a t  is r i g h t .  

ME. BROWNE: Does t h i s  s i l i c o n  carbLde increase its r e s i s t ance  w i t h  
temperature2 
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W .  BETTE: 
range we are t a l k i n g  about, it is p r a c t i c a l l y  linear. 
never have maintained t h a t  r e  were going t o  t r y  t o  a e r c i s e  c o n t r o l  
from room temperature t o  design poin t  temperature. He &e going t o  
opera te  it only over the  cont ro l  range of the  turbine.  

It increases  its r e s i s t ance  with temperature; bu t  over t he  
You see, we 

This  s i l i c o n  carb ide  has a r e s i s t ance  curve something like t h i s .  
nega t ive  a t  first, and then it goee l ike a me ta l l i c  conductor. 
range here  is below t h e  cont ro l  range, considerably below where we 
would t r y  t o c o n t r o l .  

It i s  
This 

Actually, we start in about here. 

MR. BROWNE: 
box, t h e  whole vol tage,  you g e t  some of t h i s  e f f ec t ?  

If you c o n t r o l  voltage from t h e  e l e c t r i c a l  power c o n t r o l  

MR. EETTISa 
This  th ing  here,  you no t i ce  the word ncomputbr.n 
form, is a servo, a computing servo, whose signal is power. Regardless 

. of the  r e s i s t a n c e  change over here, it mul t ip l i e s  the  vol tage  across  
t h i s  by the  cu r ren t  through it, and t h e  s i g n a l  that we g e t  back up 
he re  t o  balance a vol tage  signal is an a c t u a l  power signal t o  g e t  
around t h i s  very non- l inear i ty  here should it o b t i n  in the  range 
where we a re  concerned. 

We are n o t  going t o  do vol tege because of t h i s  effect, 
This, In  its present  

So we are measuring a c t u a l  power. He are balancing t h i s  e l e c t r o n i c  
voltage here,  which is proport ional  t o  the  f i s s i o n  r a t e ;  we are 
ba lanc l rq  t h a t  no t  by a voltage out  of here but  t h e  ac tua l  power in- 
p u t  t o  our hea t  exchanger. 

It so happens t h a t  t h e  s i l i c o n  carbide rods which we are going t o  use, 
in case you might br ing up t h i s  question about s i l i c o n  carbide,  are  
no to r ious ly  d i f fe ren t .  It is hard t o  manufacture one exac t ly  l i k e  the 
o the r ;  and a f t e r  it has a c e r t a i n  use, if you put  i n  a new rod, it 
does not  behave l ike  t h e  same rod t h a t  has had some use. 

The vol tage  and c u r r e n t  c h a r a c t e r i s t i c s  are such that we rill w e  a 
series of p a r a l l e l  arrangements. 
about 100, roughly, rods, and then fou r  of these branches in series 
p a r a l l e l ,  so that each one of these can be a rugged i n d i v i d u a l i s t  
and st i l l  not throw t h e  p i c tu re  o f f  too  far, 

The p a r r l l e l  kQche8 conslst of 

MR. O E U I N G ~ :  k. Bettia, you rrked f o r  adveree c r i t i c i sm.  
on t h e  contrary.  
system, and I th ink  you are t o  be commended for it. 
p r a c t i c a l .  

W .  BETTE: Thank you. 

I th ink  
I would l i k e  to ray  it looks like a very p r a c t i c a l  

It is very 

MR. UITINSKY: Hould you like to comment: You have had qu i t e  a b i t  of 
experience in c o n t r o l  s imulators .  
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Lw. LmJDQuIST: 
c e r t a i n l y  be an excellent i n i t i a l  a t tempt  a t  an.experimenta1 cont ro l ;  
and I very s t rong ly  recommend t h a t  it g e t  into the experimental 
phase of t h i s  thing as quickly as mu can because simulators are good 
and they are very necessary. 
u s e  of s h u l a t o r s  in connection with gas  turbines .  

I think I would say t h a t  a system of this type  would 

l e  have had exce l l en t  results w i t h  the  

It should only be used t o  help you so lve  some of the  bas ic  problems 
and then you had better j u s t  as quickly,  a s  possible ,  try t o  c o n t r o l  
t h e  apparatus  you are aFming a t .  I th ink  it is a very good start. 

MR. BETTISt 
thing.  
m u l t i p l i c i t y  of  engines and one hea t  source if we u t i l i z e  t h i s  thing,  
or when we u t i l i z e  it. 

I passed this p a r a l l e l  operat ion up, which is another  
It is r a t h e r  apparent t h a t  we are going t o  have to use  a 

I know now of no app l i ca t ion  where units have been so operated.  
might g e t  in to  some v io l en t  hunting betueen the  two. Re certainly would 
w a n t  t o  t r y  p a r a l l e l  operat ion on t he  th ing  and see Lf we g o t  add i t iona l  
p r o b l e m  from operat ing two power u n i t s  from one heat source. 

MR. ME€lRILL: Hr. Bet tb ,  I do no t  think t h e  f i s s i o n  cross-sect ion of 
t h e  uranium would be eo much the  l i m i t i n g  f a c t o r  in making t h a t  extra 
c o n t r o l  loop t o  r ep resen t  the  temperature effect on r e a c t i v i t y  as 
far as t h e  con t ro l s  are concerned. 

l e  

I th ink  t h e  cross-sect ion would be wel l -horn .  
c ross -sec t ion  in the  o ther  elements present  in the  pUe  which are not  
eo well-known that would be the  d i f f i c u l t  thing to ca lcu la te .  

It is probably t h e  

W. BETTIS: The fiasion c r o s s - ~ e c t i o n  itself. 

W. YERRILL: 
i n d i c a t i o n  of that  temperaturo. 

I think it would probably provide a fairly rel&ble 

ME. KALITIHS)(Pt Dr. Selden, would you l ike  t o  comment, or Dr. Pinkel? 

DR. SELDWt 
qometbing I do not  know anything about. 

YB. HEBSTEi; 
t h i a  ques t ion  over here. In connection with Mr. Ohlinger's quest ion,  
t h e r e  would be poss ib ly  a good d e a l  of axcess uranium t o  balance this 
xenon, which might mean a prohib i t ive  number of control  rods t o  hold 
t h a t  balance. 

I do not bel ieve 80) thank you. T h t  cont ro l  problem is 

I would l i k e  t o  throw in something in connection w i t h  

MR. EnISr You a6 n d  tltfdkw mbr dth actrrJ caQtrol problm 
but j u s t  of g e t t i n g  a p€Ie b u i l t  with that many control rods In i t ?  

. .  
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W. BETTIS: Because of the uranium economy and o ther  things. 

W. YOONEPHIY: 
is s h u t  down, with t h e  maximum xenon is b u i l t  up. 
by it Is quest ionable  whether you can haw such an arrangement. 
c o n t r o l  rods become p r o h i b i t i v e ,  In the thermal region espec ia l ly .  

l e  mean a p i l e  t h a t  is capable of s t a r t i n g  up a f t e r  it 
This is what I mean 

The 

W .  gBLITINSKY: Dr. Baker, would you l i k e  t o  comment on t h i s ?  

DR. BAKER, 
if you have considered any s o r t  of p a r a l l e l  c o n t r o l  system from the  
long l ine from t h e  t h r o t t l e  to t he  reac tor ;  and if Burt of that went 
crazy,  is t he re  some s o r t  of other loop which would have an influence 
of s a n i t y ,  say mul t ip l e  cont ro ls ,  and if one d i d  something v i o l e n t  or 
eone i n t e r n a l  system, some s o r t  o f  internal governor which would throw 
ou t  insane requestsf 

W. BETTE8 The 
whole quest ion of s a f e t y  of t h i s  thing falls into two d i s t i n c t  c lasses ,  
One, t h e  experimental tes t -s tand reac tor ;  and t h e  other,  the airborne 
th lng  

f do n o t  have very much to  say, except  I might l i k e  t o  ask 

That ia a po in t  t h a t  I certainly should have covered. 

Now then, in t h e  a i rborne  u n i t ,  there  is no such thlng as f a i l i n g  
safe .  It e i t h e r  opera tes ,  or it t damned unsafe,  whether is shuts  
down or whether it blows up. 

BS far as I am concerned, I think t h a t  anything in here can go wrong, 
obviously.  le kngw t h a t .  
systems throughout, with the Idea that t h e  one takes over, a l imi t ing  
device; t he  one which says  to do t h e  l e a s t  d r a s t i c  operation ir the 
one t h a t  has comqnd. 

In t h e  experimental  teat-s tand,  of course, t h e  s a f e t y  control should 
be completely divorced from all of t h i s .  Thby are there  and operate 
on llmits, and they care nothing for anything except  ge t  as much 
abrorber  in the  p i l e  as it is mechanically and e l e c t r i c a l l y  possible  
t o  g e t  in in t h e  s h o r t e s t  poar$ble time, and l e t  xenon go v i s i t i n g  or 
do w h a t  it w a n t s  t o  do. 

A b e t t e r  thing is t o  have duplicate  control  

That is the  phUosophy a t  t h e  present  time. 

That is t h e  point, t o  g e t  it shut  down. 

DB. BAKER8 
obvious t o  a l l  of you. 
in o rde r  t o  a t a r t  up after shut-down, these  uranium r d ,  If they are 
n o t  used, are n o t  to the same extent  a uranium investment. 
c r a f t  re turna ,  they are not  so hot t h a t  they cannot be handled, 
t h e  aircraft I s  l o s t ,  they are l o s t .  But if t h e  a i r c r a f t  r e t u r n s  and 

I have one o the r  comment that  I might make. It is probably 
If you have a method of inser t ing  uranium rods 

If the  a i r -  
If 
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t hey  are n o t  used, they  a re  a l toge ther  u se fu l .  

Th i s  is a s l i g h t  s impl ica t ion  of t h a t  problem. 

m. h , I E R R I u :  
bu Udup? 

Do you propose aslug t h e s e  t o  start up a f t e r  a xqnon 

DR. BAiSEh 
n o t  normally in se r t .  
had t o  start up, you would use them because you had them and you needed 
them, and it is a good thing you had them. 

You would have ex t r a  fuel rods ava i l ab le  which you roulC 
In case of emergency, if you were s h u t  down and 

If you d id  n o t  use them, you just  c a r r i e d  them along as excess baggege. 

DR, SODERBERG; 
uranium? 

Uould t h a t  be any apprec iab le  pre cent  of the t o t a l  

MR. BETTLS; 
I can only tel l  you percentage-wise. 

MR. COOP=; 

Mr. Cooper can answer t h a t  b e t t e r  than I can, Dr. Soderberg. 

mat would you say percentage f o r  r eac t iv i ty3  

IdR. BETTIS: For equllibrium, xenon f o r  hours a t  the point we a r e  
talking about here, It represents  about  5 per  cent ,  a l i t t l e  more than 
4. That is, if r e  j u s t  compensate it f o r  maximum xenon poisoning, it 
b u i l d s  up here, and f o r  any power l e v e l ,  it approaches asymptotically 
a limit. 

Now, t h i s  limit is about 4 t o  5 per  cen t ,  whatever the thermal 
u t i l i z a t i o n  f a c t o r  is, about 5 per  cent .  
compared t o  0.06 t h a t  you use f o r  con t ro l .  

EL. COOPER: 
per c e n t  ex t r a  uranium. 
y e t  d i r e c t l y .  
it has a good deal  more r e a c t i v i t y  a v a i l a b l e ,  and we are  making 
i n v e s t i g a t i o n s  playing o f f  t h e  xenon a g a i n s t  the increase of r eac t iv i ty .  

That might mean that it is possible  to start up the  cold poisoned reac tor  
wi thout  pu t t ing  any more uranium in; and t h e  problem then would be the 
c o n t r o l ,  t o  see that you juggled t h i n g s  j u s t  r i g h t ,  

LB, BETTIS: We have gone around and around about that .  
wanting something for nothing. 
t o  s tand  here and say pos i t i ve ly  t h a t  Ibr. Cooper and I disagree,  be- 
cause I do not  f e e l  t h a t  strongly about  lt. 

It is a f a i r l y  l a rge  figure 

That might mean t h a t  you would have to  put in 25 t o  50 
There is one t h i n g  r e  have not brought up 

If t h e  r eac to r  cools  down &om t h e  flying temperature, 
. 

It is a l m ~ s t  
It is a c lose  race. I would not  rant 

What he is saying, of course, if t h a t  if you put in 10 per cen t  for 
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temperature co r rec t ion ,  t h a t  is i n  there .  If the p i l e  cools down and 
you h a m  g o t  xenon b u i l t  up, the  thLng is cold;  and you ham g o t  that 
10  per  c e n t  ava i l ab le .  
u se  it before it gets hot? 

Can you ge t  t he re  be fo re  it gets hot? Can you 

I am afra id  it is more or l e s s  like pul l ing  yourse l f  up by your own 
boo t s t r aps .  But I have not thought it out ,  and I would not  want to 
say on t h i s  po in t ,  in public,  t h a t  Yr. Cooper and I take opposite 
views. I j u s t  am no t  sure, 

W. P61ENTICE: 
s h u t  it down, due t o  t h e  f a c t  that it has g o t  a l o t  of heat  being 
l i b e r a t e d  the re  a l l  t h e  t h e ?  

How much is your p i l e  going t o  cool  down as soon as you 

LQI. BgTTIS:’ It certainly would be hot f o r  a long time, thermally hot, 
I mean. 

Mi. COOPER: 
o u t  j u s t  how much it would cool down. 
dynamics f o r  r e a c t i v i t y  considerations t o  see if we ran all the turbo- 
j e t s  a t  p a r t  power or p a r t  of the turbo- je t s  a t  fu31 or p a r t  power, 

I will tel l  you what t h i s  s tudy  is. We are  tzying t o  f i n d  
It is combining the thermo- 

Hhen you a r e  through with the  f l i g h t ,  then you might e i t h e r  c u t  of f  
t h e  power a l toge the r  md j u s t  run on a f t e r -hea t ;  o r  bring down pur 
r e a c t o r  power, according t o  some achedule, 

It is pre t tyrdarned  complicated, and we do n o t  know the answer, but 
we are  foo l ing  around with it. 

MR. UITINSKY: 
o f  t he  p i l e  after shut-down, that can be con t ro l l ed  within p r e t t y  
wide l i m i t s ,  depending on what cooling syatem you use, 

I th5nk, as far as your ques t ion  on the temperature 

HR. PRENTICE: 
do  wi th  t h e  p i l e  after you shut  down t o  keep it cool? 

That is what I wanted t o  say. Uhat are you going t o  

YB. UITINSKY:  That ia st i l l  under inpsa t iga t ion .  A p o s s i b i l i t y  I 
th ink  we  mentioned before  ia t o  have a small auxiliary steam p l a n t  
which would w i n d m i l l  a f e u  of the compressors, and the power for the  
ateam p l a n t  would be supplied by the a f t e r -hea t ,  

That would ala0 be used m..a star-. That ia one so lu t ion  for it, 

MR. PKENTICE: 
means? 

You would have t o  c o d  t h e  p i l e  down by some externa l  

w. BETTIS: Definitely. 

DR. SPqDINGt mat happen6 if you have a cool ing f a i l u r e ?  You 
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immediately shut  your p i l e  down. 
t o  be disastrous.  

YOU sti l l  have go t  enough heat theA- 

a. IEALITINSKX: It is r a t h e r  marginal. I be l ieve  we figured t h a t  ou t ,  
t h a t  if you integrated the  whole a f t e r -hea t  production and fturad t h a t  
you j u s t  throw that in r i g h t  away into t h e  p i l e ,  It would reach temper- 
atures t h a t  these moderator materials that we a r e  ta lking about csn 
d e f i n i t e l y  withstand -- they are s t i l l  below t h e i r  melting point ,  Ff I 
.p1 r i g h t .  But we do not know what it would do to  some of t he  c o a t i q s  
and s t r u c t u r a l  materials, and so one It would probably damage the  p n e .  

One of t h e  answers t o  t h a t  is the use of a d i r e c t  cooled open cycle  w i t b  
s e v e r a l  turbo-jets  and check valves, so t h a t  a cooling failure i a  q u i t e  
unlikely in t h a t  system. You can see  that if one unit f a i l s ,  you s t i l l  
have p len ty  of cooling ava i lab le  fYom . the  others.  

HR. OHLBGEil:  
t h e  shutdown. 

That s t i l l  would depend on t h e  operating h is tory  before 

HR. UITR?SIIP: 
That  is the  worst possible  conditfon, 

Hell, you rou ld  a l w a y s  assume t h a t  you had equilibrium. 

HR, MEELILL: 
ground, and Ff the  power shuts down and you go i n to  a s t rong g l ide ,  
l a  t h e  cooling e f f e c t  as strong as if you were operating under power, 
or is it half  as strong, or a small percentage? 

Hith the turbo-jot  and a plane in t h e  a i r  and on the  

a, UITINSKY: 
Rhat  would you say7 

It ia a small  percentage,  t en  o r  twenty per cento  

HR. GERDW: U i n d m i l l  speeds could be as high as P per cent  of  the 
m a x i m u n  r a t ed  speed, 

YIB, MEYER: The dens i ty  of the p i l e  coo lan t  would be down, too. 

YR, KALITINSKX: And if the  speed has gone down 20 per cent ,  the  flow 
would be dom qui te  P b i t  below 20 per  cent. 

HR. YEBRILL: Y te r -hea t  would be belor 
too,  So in the  case of t he  plane flying through the a i r ,  there .cQld 
not be any trouble with the p i l e  melting with an open cycle, Ia that 

per  cent  of full production, 

the Fd9.t 

YB. KALITINSKY: 
h e a t  is qui te  a b i t  down. 

After a few minutes, your power production f'rom after- 

EL. BBTTIS: 
here. 

There is one thing, k. Kali t fnsky,  I f a i l e d  t o  bring o u t  
There a r e  a lot of things I w i l l  think of l a t e r .  
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. One of the Important thing8 of t h i a  rbt-up, as  far as I un concerned, 
is t h a t  it lends i t s e l f  to  a test to destruction, which we cannot do 
w i t h  a pile .  If w w a n t  t o  know how much excess K, we will push and 
push; if we j u s t  hed a nuclear reactor and say, "This looks as if it 
is far 

But this thing we can destroy and see what ac tua l ly  is way t o o  much 
and g e t  a much better idea of our eventual s a fe ty  factor  tha t  we 
determine on. 

Then a l s o  this t h h g  can, 1 believe, later t ake  the various forms. 
Be can change it. If it were desirable to 
s tudy  another system, not the open cycle apstem, it could be adapted 
t o  some study of an open cycle ay8- or something of that kind. 

I mentioned only one. 

The point i s ,  we cer ta in ly  rant  to wreck one or two of these, and I 
do not  want to wreck a reactor. 

MR. PRENTICE: 
on similar control problems. 
by saying of course, m y  two groups of engineers rill come t o  different 
so lu t ions  of a problem. 

I might make comments t h a t  our engineers are workfng 
I think we can sum it up best this way, 

I think you people do have access t o  our solut ions of the problems, 
eo  there is no point in bringing up those differences. Our fellows 
feel t h a t  some of the things you have done may be t h e  hard ray around; 
bu t ,  again, that is a matter of engineerin& technique, not a matter 
of principle  . 
I think ope of the most important thingr about t h i s  d o l e  problem, a t  
l e a s t  i n  our opinion, is a problem which can be solved without any 
question. We do not  feel that the question of control, either of the 
r eac to r  w of euch a system as t h i s ,  is one in which there is anything 
o ther  than simply t o  solve the problem. 

MR. RETTIS: That is correct. 

HR. PRENTICL: It i s  not the maln quertion on which th la  project hangs, 
by m-0 

W .  BETTISt Not a t  a l l .  IIe agree with that. 

y(R. PBEIJTICJS: 
i r  a demand signal ehaper. 
n o t  r e a c t  as you mpt it to,  you can change the demand signal shaper to 
prevent a man *om ca l l ing  for somethhg that throws &e thing into 
t rouble  . 

You have introduced here a very s igni f icant  thing which 
If you f ind that t h l s  ent i re  system does 

That is a very important element of f l e x i b i l i t y  in your system. That 
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accomplishes i n  a s t r a i g h t - f o r w u d  automatic one-man c o n t r o l  what 
we do in a c r i t i c a l  e x p e r b e n t  of having two men c a l l  f o r  a p a r t i c u l a r  
change i n  r e a c t i v i t y  before  t h e  p i l e  is a l lowed- to  do t h a t ,  t o  prevent 
a man from making a mistake. 

Your demand s i g n a l  shaper prevents t h e  operator  from making a mistake 
here .  I think t h a t  iB a very important element of your system. 

It seems t o  me t h a t ' t h i s  phase of the j o b  probably is much f a r t h e r  
ahead than almost any o the r  phase of your r eac to r  work, because pr imar i ly  
it i e  suscept ib le  of s t ra ight - fornerd  s o l u t i o n  with known techniques. 

168. BSTTIS: Right. 
s i t  dorm. 

One th ing  t h a t  we d i d  want t o  do sometime, whether we run a c r i t i ca l  
experiment or  whether somebody else runs it or whether we have a p i l e  
o r  somebody e l s e  has it, I would l ike very much to have t h e  f i s s i o n  
r a t e  of a p i l e  feed into t h i a  s imulator  as a demand signal and l e t  it 
t r a c e  its Ke. 
Then t h a t  would g ive  you t h e  n e t  Ke of  t h e  operating system from which 
you could uxtrapolate  your poisons and temperature e f f e c t s  and things 
in a way t h a t  I do not  be l i eve  ia poss ib l e  t o  do now. 
and use it as a n e t  KO computer. 

MR. KALITINSKl: 
on the  b a s h  of a shulator. 
MR. BETTIS: That is r i g h t ,  to gain ful l  cont ro l  information t h a t  way. 
We have not  been ab le  t o  do t h a t  pet, b u t  as t h ings  progress  I hope we 
Can.  . 

MR. PBENTICE: 
s o l u t i o n  to the  k i n e t i c  p i l e  equations.  
lator as such, and have used analysis t o  so lve  the same problem. 
you have access t o  t h a t ?  

MR. BETTIS: Yes, sir, re have. 

ME. KALITINSKY: &ere is one point ,  I think, in connection w i t h  
Dr. Baker's remark t h a t  might be brought ou t ,  In connection with safety. 

In t h e  a c k  con t ro l  system of the proposed power p l an t  which come= 
sponds t o  thia schematic, there  b a much more d i r e c t  connection be- 
twem t h e  con t ro l  motion and the  p i l e  than appears here  from the 
f i s s i o n  rate ind ica tor .  
f i s s i o n  rate indicator, because t h a t  is a much more d i r e c t  connection. 

If you d y l t e  the problem from t h e  po in t  of view of safety, t h e  things 
t h a t  can do damage are t h e  engine speed; you can blow up t h e  engine; 
t h e  turb ine  inlet  temperature; you can burn up the turbine; t h e  r eac to r  
temperature, which can burn up the r eac to r .  

I rant t o  say jus t  one more t h i n g ,  and then I rill 
I f a i l e d  to mention about the simulator. 

Do you see what I mean? 

I n v e r t  t h e  thing 

I n  other  rolpds, analyze t h e  operation of a real  p i l e  

I presume you people are familiar with our t h e o r e t i c a l  
We do not  have a p i l e  s h u -  

Do 

That is why r e  are anxiourr t o  have a good 

Q. 
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Those are the  three basic things th$ can go rrong,  and therefore,  lf 
we use thode three as  the contrdl  var’iables for the contFol syekm, we 
o b t a i n  a maximum of eafety.  3 

If you probe deeper in to  the reactor  ,temperature, you f ind  t h a t  the 
original e f f e c t  there is ac tua l ly  f i s e ion  r a t e .  So we might add the 
fourth, d i r e c t  measurement of f i e s ion  rate, 

I th ink  by analysfng it from t h a t  point of v i e r ,  “which a re  the 
v a r i a b l e s  which can ac tua l ly  cause damage?“ 
as possible i n  the cont ro l ,  we rill a t t a i n  a maximum of safety.  

and using them as  directly 

&, Caldwell, do you have any commentu? 

JlR, CADWELL; lo, I do not  have any. 

YR. EPLITZBSKX; k. Flader? 

HR. ~ X L P ’ I N S E I P ;  Do you have any comments, Mr. Bachle? 

C O M b l m  BLISS; 
t o  a reac tor  a t  constant  power levels?  
advantages t o  t h a t  constant  txmperature operation. 

I waa wondering what considerat ions have been given 
There m u l d  be a l o t  of 

YR. KALITIlISKYi 
t i o n ,  but  not constant  power leve l ,  
t r a n s i e n t  thm s t resees .  

One of the  advantages of conatan t  temperature opera- 
that r e  also elhairUte the 

CoMbWIER BLISS1 
your stress and thermal shock. 

If you eliminate tha t ,  you do away with most of 

W, K&ITINSKX; 
hope to test it ou t  a c t u a l l y  ln prac t ice  on this mochp system, 

?hat ia being given q u i t e  a b i t  of cormideration. l e  

However, there irr quite a problem there  of con-olling the  turbo-jet 
system, because how do you i n i t l a t e  the power increase in a system 
l i k e  tha t?  

COMMANDER BLISS1 
r e a c t o r  w a s  concerned. 
you use. 

I said operating a t  constant  power as far as the  
I do not  know exac t ly  whet kfnd of a system 

HR. KALITIIOSQ; 
withdraw the heat ,  you see, if your turbo-jet  ia n o t  o p e r a t a  a t  a 
corresponding speed. 

I do no t  believe you can do t h a t  because you cannot 

I 



, 

COMblUDER BLISS: Operate everything under t h e  same condi t ions through ' 

your tu rb ine  and judge your power by deciding what you want to do with 
your a i r  from the re  on. 

MR. KALITINSKY: He are d e f i n i t e l y  conaider ing that .  

COMUHDEEt BLISS; 
a c t u a l l y  to c u t  t h e i r  thrust down t o  where they a re  gq t t ing  negat ive 

In conventional j e t  engines they have been ab le  

shot80 

MR. KYITIIUSKI: He a r e  d e f i n i t e l y  consider ing tha t .  There is one 
d i f f i c u l t y  there ,  however. 
t akeof f  or full power operat ion a t  s e a  l e v e l  and c ru i se  conditions 
a t  a l t i t u d e  is q u i t e  considerable .  
t h e r e ,  and a j e t  s p o i l e r  might not be able t o  t a k e  care of  t h a t  
d i f f e r e n c e  e f f i c i e n t l y ,  you see, although t h a t  is, of course, a slow 
change i n  power. 

The hea t  r e l e a s e  i n  t h e  r eac to r  between 

There is q u i t e  a big d i f f e rence  

MR. YIERRILL: I would l i k e  t o  know how long it will take t o  g e t  tbat 
t h i n g  operat ing and how much rill it cos t ,  roughly, If anybody is 
prepared t o  say. 

MR. KALITWKP: Do you mean th i a?  

Iw. KALITINSKY: 
have it opera t ing  in  a few months, maybe f i v e  months. 

I think if we can go through a s  planned, we can 

MR. BETTIS: 
become ava i lab le .  
That is the bigges t  expense and would be by far t h e  most the-consuming 
th ing  if we could install it. 
euch equipment, I would review the whole problem and wonder Ff it were 
worthwhile. That is my opinion. 

The bigges t  t h h g  ls whether or n o t  t h e  MG sets a t  P-12 
They we there doing nothing and could be used. 

Rankly, if we had t o  buy and install 

The turbo-jet units, this l i t t l e  one t h a t  we are talking about, that 
we are looking at, look l i k e  t o  me t o  be the m o s t  f eas ib le .  

l e  have a price on a new unit. 
t h i n g s  of that kind. 
if rn buy a new one. 
several hours of operat ion,  50 or 100 hours of  operat ion,  used ones 
tha t  we could g e t  a t  a very m c h  reduced figure, 
units that are kind of toys. We could use them if we had to. They 
come much cheaper, about $3,000. They look as If they would do the 

I do not know whether I ahould mention 
It i a  not  secret. 
They have some t h a t  t hey  th ink  are good f o r  

It is of the order of $2'7,OOO, 

There are some other 

job.  

What we would like to do, Mr. Herrill, is n o t  g e t  an engine of questionable 
,*.. , ..- .- i. .,. 
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performance, where we would have to be spending all of our time 
keeping  t h a t  thing f'rom g e t t h g  into trouble.  
t h a t  and ge t  a dependable e n g h  unit .  
t h a t  s t u d i e s  a t  the present  time i n q c a t e  would be sa t f s fac tory ,  and 
t h a t  is the  p r i c e  of the new u n i t  of t h a t  kind. 

l e  would l i k e  to  eliminate 
Re ddknow t h a t  we have one 

LIR. GERDANr 
of t u r b o  supercharger boots t rap arrangements. 
m r y  auccesafully up t o  1800, 1850 on materlala problems. 

HR. BETTE: Now you are ge t t i ng  me out  of my f i e l d  again. 
you b o p  t o  i n t e r r u p t  me if I make a a t s t a t e m e n t .  

Since I am up here I rill S a y  that the mek? d i f f i c u l t i e s  in t ha t  uni t  
Ghich we have looked into def in i t e ly  s e e m  to be t h e  narrow range of 
power over rh ich  it will operate dependably. It seem t o  be subject 
t o  aurging problems and things of t h a t  kind. 

I might quggest f o r  an engine u n i t  you consider the uae 
He have operated those 

I rill ask 

The o the r  u n i t  is much preferable  aa far as the range over which it 
opera tes ,  although t h a t  ia the other pit, 

MR. U I T D J S K Y I  
response  so t h a t  we will be safe. 
are modFfications of the bootstrap.  They use turbo superchargers. Any- 
t h ing ' above  t h a t  is jut ou t  of the C h 8 S  of e l e c t r i c a l  heating. 

LIB. GEEiDANt 
s t r a p  arrangement, 

What we r e a y  want ia p l e n t y  of reserve power for  
Basically the u n i t s  we are considering 

The coats  would be reduced cons iderably  with the boot- 

MR. U I T I N S K Y t  &e t he re  any more comments or questions? 

W. BROWta &e they moving these b a t s  over t o  the e l e c t r i c a l  
apparatus ,  or movlng all these archinest  

YB. BETTE: Oh, no, I played nursemaid t o  those machines a l l  d u r a  
the war,  and I do no t  want t o  mow a one of them. 

YR. gpLITI13SIK: They are p r e t t y  b3g units. 

YB, BETTE: They are enormous. Re would not h a w  t o  move i n  much 
a d d i t i o n a l  equipment. This i a  r e l a t i v e l y  small and there is plenty 
of area. He would not  have t o  i n t f e r o  with anything over there. 

We would disconnect the busses t h a t  go &on these  units a t  the present 
time and put In our return bwsea to our e q u i p n t ;  because d1 the 
rest  of this stuff, t h i s  power control unit here, a l l  the mst of t h i a  
stuff, w e  have in a f a i r l y  advanced state, most of it completed 
e n t i r e l p  and tested thoroughly. 



I[bLITINSKYz 
five-minute recess.  

If there  are no more questions, I think we can take a 

(A shor t  recess.) 

MR. SIbISs 
t h a t  received this NEPA No, 6 Report, after they g e t  through digesting 
It, write LIS a l e t te r  and give us t h e i r  comments about the report  and 
about t h i s  meeting, par t icular ly  any comments t h a t  might be pertinent 
t o  improving any subsequent meetings we hold. 

I would like to request that each of the member companies 

I do not  w a n t  t o  p u t  any def in i te  tine lhit on the rece ip t  of that  
l e t t e r ,  but l e t  us say t h i r t y  days from nor. 
approximately one week, the verbatim t r ansc r ip t  of this part icular  
meeting, 
very valuable t o  us towards planning and con t inuhg  the mrk. 

We rill have by then, in 

The verbatim transcr ipt ,  plus your l e t t e r s ,  I thhk will be 

A t  this point  I would like to ask Gordon Simmons to arlmmnrize the 
important points in the technical discussions t h a t  went on today. 

YB. SDSdONSa I just 
g o t  back *om two weka in Cuba. 
with me and put me t o  work. 

I feel a t  a l i t t l e  disadvantage, gentlemen. 
'be boss has f i n a l l y  caughtup 

There are several points I w a n t  to  touch on. 
you the important milestones of the project  during the past  year, and 
one of the important things tha t  has come about has been the emergence 
of the w i n e  component aa an ent i ty .  

We have abandoned the idea of uti l i lsing pay existing power plant in 
t h e  nuclear power package. 
pecul ia r  demands of  the chain reacting mechanism on tbe power plant, 

Ilr. W d  outlined to 

6 

'&is has come about aa a r e s u l t  of certain 

The p i l e  a f fec ts  the engine. 
t h a t  we are forced t o  develop a new engine component which is compatible 
w i t h  the  demands of a chain reacting system. 

The engine a f f e c t s  the p i le ,  and we find 

This component i a  no longer separate from the pile .  
entire power p lan t  design and both of them w e  very clcsoly-tied to- 
gether, much more so than when R were thlnking of us- existing 
engine components. 
our thinking. 

It i s  a par t  of the 

I think that t h a t  point  should be emphasized in 

He have had some discussion of the tug- tow approach to a solution of 
t h e  problem, and It has been pointed out t h a t  t h i s  stem From a desire 
t o  reduce t o  m i n l m u m  the shielding problems inherent in t h t  applica- 
tion, 

Tho Lexington Project  c e r t a h l y  had this in mind in emphasialng the 
tag-tor aystem in the i r  report. . -  -** 
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However, t he  t u g - t o w  ryrtem fa, in a sense, another guidance system for  

a b l e  thought to the p o s s i b i l i t y  of a guided uninhabi ted vehicle t o  de- 
l i v e r  bombs. Ue.are planning to  
con t inue  a study of t h a t  and t o  ask the  Air Forcse t o  make cer ta in  
experimental  tests  involved i n  the towing of o l r c r a f t  a t  high speeds. 

uninhabi ted a i r c r a f t .  YOU remember in t h e  beginning we gave conaidor- 

This is s t i l l  another guided system. 

In  Mr. Cooper's presentat ion and in Mr. B e t t i s l  presentat ion an unuaual 
combination of variablee t h a t  are inherent in t h e  cont ro l  system and in 
t h e  nuc lear  dynamics of a chain reac tor  were brought out. 
t h a t  Mre Cooper's presentat ion iS qu i t e  snalagoua t o  some of the  
e v o l u t i o n  of our think- in presenting a simultrneoue p ic ture  of r 
l a r g e  number of  v a r i a b l a .  

If mu w i l l  remember, Mr. Cooper f i r a t  showed some graph i l l u s t r a t i n g  
t h e  behavior of single prrrmetclrs in terms of uranium investment, the 
e f f e c t  on uranium investment of the  moderator, of the r e f l e c t o r ,  and 
the Pree-flow area of the reac tor  core. 

I think 

He t hen  showed a composite picture rhowlng the  s h u l k n e o u a  behavior 
of several of these var iab les  in one graph. 
were developed and included l n  NEF'A Report No. 6 show the simultaneous 
behavior  of a l a rge  number of parameters t h a t  must be considered to- 
g e t h e r  t o  a r r i v e  r t  an opthum compromise in our design specifications.  

1 
This path  leads  t o  the full  e f fec t  maps t h a t  Mr. Cooper showed yo; og 
p a r t  of our fu tu re  working program. 

The Monte Carlo Method which was described by Ure Cooper promises to 
t i c a l  toolrr, not only f o r  reactot become one of t h e  most powerful 

work bu t  for sh ie ld ing  work. 
going on a t  Northrop involving appl icat ion of the Monte Carlo analysis 
methods t o  shields .  

Ihe reactor maps that 

v A t  e present  t h e  we have a program 

I t h i n k  t h a t  Mr. Cooper d id  an exce l len t  job in h i s  descr ipt ion of 
spinning the  r o u l e t t e  wheels t o  p red ic t  the behavior of neutrons. 
Re have high hopes for t h i s  method and feel t h a t  some day it nay 
even r ep lace  the  o ld- fkhioned  c r y s t a l  b a l l  and be capable of pro- 
d i c t i n g  a c t i v i t i e s  on t h e  p o l i t i c a l  l eve ls .  

Many t h i n g s  in the  HEPA R o j e c t  are qu i t e  a bit like t he  blind m a  and 
the elephant,  if you ramember the old fable .  

One group of blind men rill feel the pro jec t  and say it is a reactor. 
paother group w i l l  f e e l  around and say no, it l a  a high pressure 
r a t i o  turbo-jet .  Another group w i l l  f e e l  it and r a y  oh no, it is a 

i e l d  . 
10 are still working on thia problem trying t o  decide which one i s  
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right.  
on as an integral e f f o r t .  

I thlnk they are a11 r i g h t  and t h a t  the thing m u s t  be carr ied 

In simple language, we might say t h a t  from the point  of view of the  
engine,  the reac tor  is a heat  exchanger which i s  Capable of re leas ing  
i n t o  the working f l u i d  a s u f f i c i e n t  amount of hea t  energy to operate 
t h e  power plant  a t  its r a t e d  output. 

If we  look a t  the engine fiom the point  of view of the reac tor ,  it is 
simply a cooling system t h a t  is capable of furnishing s u f f i c i e n t  
q u a n t i t i e s  of coolant t o  permit the r eac to r  t o  operate a t  a de f in i t e  
pre-determined power density. 

From the  point  of view of the  cont ro l  system, the  r eac to r  component 
and the  engine component a re  two somewhat incompatible bedfellows who 
must be kept In line. 

In addi t ion t o  the i n t r i c a t e  cont ro l  and r e a c t i c i t y  re la t ionships  
t h a t  have been described, there  a r e  many other  f a c t o r s  t h a t  m u s t  be 
handled as simultaneous var iab les  along w i t h  the ones t h a t  have been 
presented  today. 

For example, tbe i n t e r n a l  geometry and the  nuclear physical  requirements 
of a chaln reac t ing  mechanism cannot be separated from the aero-thermo- 
dynamic operation of t he  complete power plant.  This  involves the f i ee -  
f low area of the reac tor ,  
and d i s t r ibu t ion  of f i s s ionab le  material w i t h i n  the reactor ;  and the 
s e l e c t i o n  of the s p e c i f i c  materials of which the power plant  i s  con- 
s t ruc ted .  
t h e  other  variables.  

the heat  t r ans fe r  W f a c a ,  power d ia t r ibu t lon ,  

b y  changes in any one of these parameters a f f e c t  all of 

The se lec t ion  of s p e c i f i c  materlal8,  flow area,  pressure ra t io s ,  
ope ra t ing  temperatures, determines and a f f e c t s  the r a t i o  of the number 
of s t r u c t u r a l  atoms and moderating atoms and f i s s ionab le  atoms t h a t  
may be contained in the system. 

Likewise, In the final aaalysb, t h e  quant i ty  of f i ss ionable  material 
that  is avai lab le  for use in a i r c r a f t  r eac to r s  has s ign i f i can t  
bear ing  upon the groes weight and performance of the f i n a l  a r t i c l e .  

So, in order t o  produce au i n t e l l i g e n t  design, it is necessary to 
cons ider  simultaneously the nuclear physical  requirements of a chain 
r e a c t i n g  p i l e  in  r e l a t i o n  t o  the thermodynamic requirements of an air-- 
craft engine; and t o  also consider the materials and the  requfred 
prope r t i e s  of s t m c t u r e ,  mstrkc, and f i ss ionable  compounds t h a t  
will f i t  toge thm in to  a coherent unit which is capable of performing 
t h e  task a t  hand. 

In order t o  accomplish such a design clqarly requi res  a unified 
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r e e p o n a i b l l i t y  with a working group rho La capable of handling these 
aerodynamic, nuclear d y n d c ,  mtpllr;lrgical, s t r u c t u r d ,  thenno- 
dynamic and powr  p lan t  design problaw,  and L n t w a t i n g  all of theme 
elements  into an optimum compromise capable of meeting-the t a c t i c a l  
re*irsments of the  U. S. air Porcea. 

Thia approach has been one of the basic foundation stones of the 
BEPA Pro jec t  e h c e  its inception, 4though this ideal working group 
has no t  yet been achieved, d e f i n i t e  progress has been made in t h i s  
d i r e c t i o n ;  and it La hoped t h a t  thia progress may be able t o  continue 
i n  the future. 

YR. SIMSr Hr. Hard, can we cal l  on you f o r  any closing remarks? 

y6L, IUD: No, I think it l a  l a t e ,  Admiral. I th ink  everyone is 
u.m~~tas'td. ga, 

So my remarks rill be simply I appreciate  very much the attendaace 
here today, as r o l l  as the number and kind of people who came. 

I think there  has been a l i t t l e  more p w t i c i p a t i o n  in the problua 
today by the B o d  of Consultants 4 r e  and by our consulting 
members, d i c h  I think is wry  much to  the good, 

I am myaeU, ii you a re  not. 

4r' 

I hope me rill have some more of t h a t  in the next meeting, 

That l a  a l l ,  Ad~~iral .  
. .  

MR, SIIisr 
t o  see t h e  par t ic ipa t ion  there, too, Mr. Ward. 
improving a t  ovary meeting. 

Thank you very much. 

f think a t  our Angut l.l and 12 msetlng rn were delighted 
I think it is 

(Whereupon, a t  3r 55 p.m., the B o d  of COMUlkntS  meeting adjourned,) 
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