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THE POOR &AN'S FIL,E-, FIFST A?FEOXINATION 

0 .  Abstract  

k b r i e f  study sho7;rs t h a t  a modif icat ion of t h e  high f l u  p i l e ,  

designed t o  operate a t  3000 kw and s u i t a b l e  f o r  exnerimental  use i n  a 

l a r g e  u n i v e r s i t y  o r  other  r e s e s r c h  i n s t i t u t i o n ,  can be b u i l t  f o r  ahout 

&2,500,000, c o n t r a c t o r ' s  overhead not included. O f  t h i s ,  t h e  p i l e  and i t s  

as soc ia t ed  operat ing equipment i s  about one-fourth, The nain innovat ions,  

a s i d e  from reducing t h e  power and t h u s  e l imina t ing  much of t h e  process  

mater equipment, a r e  t h e  s u b s t i t u t i o n  of g r a p h i t e  pebbles f o r  t h e  beryll ium 

r e f l e c t o r  of t h e  high flu p i l e ,  t he  e l imina t ion  of a water head tan!;, and 

t h e  s i m p l i f i c a t i o n  of t h e  experimenta.1 f a c i l i t i e s .  

i t y ,  experimenters '  s a l a r i e s  not included, would c o s t  about one-quarter 

m i l l i o n  d o l l a r s  per  year i f  run  continuously.  

should l a s t  1/2 t o  2 y e a r s ,  and would be returned t o  t h e  Atomic Energy 

Commission f o r  chemical treatment.  

Operation of t h e  f a c i l -  

The i n i t i a l .  charge of U 23 5 

1. &trr&u@on 

The work on t h e  hi{<h f l u  p i l e  having been considerably a l t e r e d  

by the  Atomic Znergy Commission, t h e  w i t e r  has t aken  time t o  lock  b r i e f l y  

i n t o  another i n t e r e s t i n g  problem iihich has  been suggested from time t o  t i n e  
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, 

by s e v e r a l  members of t h e  Laboratory. The problem i s  t h a t  of designing EI 

p i l e  i n s t a l l a t i o n  based upon t h e  high flux p i l e  a s  proposed but operating 

a t  a lone r  power and c o s t i n g  s o  l i t t l e  a s  t o  make i t s  cons t ruc t ion  by 

u n i v e r s i t i e s  o r  other  non-governmental i n s t i t u t i o n s  a p o s s i b i l i t y .  

has  become Itnovn i n  t h e  Laboratory 8 s  "The Poor I 'an's 

This 

This study has been nsde h u r r i e d l y  and it shoulc! be c l e a r  t h a t  

t h e  Poor IGanls P i l e  has not a c t u a l l y  been designed. 

i n  t h e  design of t h e  high f l u x  p i l e  have been imagined and a very rough 

estimate of t h e  c o s t  based upon t h e s e  imagined changes has been made. The 

scope of t h i s  e s t ima te  inc ludes  only t h e  p i l e ,  t h e  bu i ld ing  i n  vhich it i s  

housed, a minimum number of l a b o r a t o r i e s  i n  t h i s  bu i ld ing ,  t h e  nece.;sary 

equipment f o r  c i r c u l a t i n f .  the n a t e r ,  cool ing i t ,  and a1307.ring it t o  decay 

a f t e r  purging. 

spent  uranium and no extensive hot l a b o r a t o r i e s  are included i n  t h e  e s t ima te .  

No shops, admin i s t r a t ive  o f f i c e s ,  or other  f a c i l i t i e s  a r e  included, s ince  

it i s  assumed t h a t  t h e  o-rner i n s t i t u t i o n  - s i l l  a l r eady  have such f a c i l i t i e s  

a t  hand. 

Rather,  c e r t a i n  changes 

N o  f a c i l i t i e s  a r e  envisioned f o r  chemicel treatment of t h e  

2 .  Descriptlgn 

It is  proposed t h a t  t h e  Poor Bianls P i l e  be operated a t  heat  ra te  

of about 3000 km (1/10 of t h a t  of t h e  hii;h f l u x  p i l e )  and it seems l i k e l y  

t h a t  it will con ta in  about 3 kg of s3*. 
graph i t e  pebbles about 3/41' i n  diameter n i l 1  be s u b s t i t u t e d  f o r  it. 

Berylliwn T - i i l l  be elimineted and 

These 
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w i l l  be cooled wi th  a i r  and w i l l  be l o c a t e d  outs ide t h e  3/41' t h i c k  

r ea t angu la r  tank  which will enclose t h e  a c t i v e  s e c t i o n  of t h e  p i l e .  

The f lux  of f a s t  neutrons w i l l  be approximately 1/10 t h a t  of t he  high 

f l u x  p i l e ,  whereas t h e  f lux of slew neutrons,  p a r t i c u l a r l y  i n  the  g raph i t e  

r e f l e c t o r ,  will probably be of t h e  order  of 1/20 t h a t  of t h e  high flux 

p i l e ;  t h a t  is, t h e  thermal  neutron f l u x  l v i l l  average about 2 x 1013 i n  the  

p i l e  i t s e l f ,  wi th  very l i t t l e  r i s e ,  i f  any, i n  t h e  g raph i t e  r e f l e c t o r .  

I n  t h e  fol lowing s e c t i o n s  a more d e t a i l e d  d e s c r i p t i o n  of t h e  proposed p i l e  

i s  given. In  Tabls I some of t h e  s p e c i f i c a t i o n s  a r e  summarized. 

2 .1  The Pile Proper 

The a c t i v e  m a t e r i a l  i n  t h e  p i l e  w i l l  be h ighly  enriched $35. 

The degree of enrichment i s  not c r i t i c a l  and it seems l i k e l y  t h a t  any 

enrichment from about 50/5 t o  t h e  h ighes t  a v a i l a b l e  w i l l  be s a t i s f a c t o r y .  

The a c t i v e  assemblies  n i l l  c l o s e l y  resemble those planned f o r  t h e  high f l u x  

p i l e ,  except t h a t  t he  p l a t e s  w i l l  be f l a t  i n s t ead  of curved and t h e  end boxes 

will be replaced with a p a i r  of prongs which n i l l  f i t  i n t e  holes  i n  an 

aluminum base p l a t e  j u s t  under t h e  a c t i v e  s e c t i o n  of t h e  p i l e  and i n t o  other  

ho les  i n  an aluminum guide p l a t e  which m i l l  be 1oiTered over t h e  a c t i v e  as- 

semblies orhen they  a r e  i n  pos i t i on .  This  guide p l a t e  t h e n  m i l l  be secured 

t o  t h e  tank  wal l s .  The a c t i v e  assemblies  w i l l  be approximately 3" square i n  

c r o s s  s e c t i o n  and t h e  aluminum tank will be approximately 1 5  x 18" i n s ide .  

There will, t h e r e f o r e ,  be 30 spaces  i n  T?hidi t:ct,ive assemblies  could be put. 
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Four of t h e s e  ( t h e  second from e i t h e r  end i n  t h e  second and f o u r t h  rors) 

n i l 1  be used as shim-safety rod l o c a t i o n s .  

a t  t h e  end of t h e  middle row v i 1 1  be used a s  a r e g u l a t i n g  I-od loca t ion .  

The shim-safety rods m i l l  c o n s i s t  of a c t i v e  assemblies of s l i gh t ly - l e s s - than -  

normal e x t e r n a l  dimension t o  provide adequate c l ea rance  f o r  t h e i r  necessary 

A f i f t h  h o l e  l oca t ed  c e n t r a l l y  

v e r t i c a l  movement. 

an absorbing po r t ion  s i m i l a r  t o  t h a t  planned fo r  t h e  high flux p i l e .  

r e g u l a t i n g  rod w i l l  be a beryl l ium cy l inde r  surmoiinted by a n  absorbing 

Surmounting the  a c t i v e  n o r t i o n  of t hese  rods will be 

The 

p o r t i o n  a l s o  s i m i l a r  t o  t h a t  planned f o r  t h e  high f l u x  p i l e ,  Both t h e  

shim-safety and r e g u l a t i n g  rods w i l l  be moved by connecting rods extending 

through t h e  bottom of t h e  tank and ‘emerging from t h e  c e i l i n g  of a 20’ wide 

tunnel underneath t h e  p i l e .  The d r i v e s  f o r  a l l  f i v e  rods w i l l  be loca t ed  

i n  t h i s  tunnel .  The general  arrangement is i l l u s t r a t e d  on Draning TD-458. 

Operation of the c o n t r o l  r o d s  f r o m  beneath t h e  p i l e  i ~ i l l  make it 

poss ib l e  t o  have them i n  p o s i t i o n  and i n  operating cond i t ion  durin:’ t h e  

loading of t h e  p i l e ,  t h u s  avoiding one of t h e  hiore hazardous problems of t h e  

high f lux p i l e .  The shim-safety rods mill make no con tac t  ..Iith any of t h e  

a c t i v e  assemblies or  with t h e  upper or l o n e r  aluminum perforated p l a t e s  

previously mentioned. They T 4 1 1  be guided i n  their t r a v e l  by guide bearings 

mounted on t h e  donnvard ex tens ions  of t h e  rods which p e n e t r a t e  through t h e  

bottom of t h e  tank and t h e  sh i e ld ing  i n t o  t h e  tunne l  under t h e  p i l e ,  

remaining 25 ho le s  w i l l  hold a maximum of about 3.5 kg. of If not s o  

The 

f i l l e d ,  aluminum dummies w i l l  be i n s e r t e d  t o  prevent by-passing of t h e  water. 

Because of t h e  low f l u x ,  only a small  amount (approximately 4%) 
13 5 of r e a c t i v i t y  can ever be taken up by t h e  growth of Xenon , hloreover, 

continuous ope ra t ion  of t he  p i l e ,  al though d e s i r a b l e ,  will n o t  be as neces- 

s a ry  as  f o r  t h e  high f l u x  p i l e .  

pressure f e r  g e t t i n g  t h e  p i l e  s t a r t e d  quickly a f t e r  an acc iden ta l  shutdown 

Both these  f a c t o r s  tend t o  relieve the  
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and make it unnecessary t o  have an e l a b p a t e  system of se rvo  mechanism and 

i n t e r l o c k s  f o r  r ap id  s t a r t i n g  of t h e  p i l e .  

donn of t h e  p i l e  if t h e  power exceeds a c e r t a i n  value or i f  t h e  per iod 

becomes t o o  h igh  w i l l  be a l l  t h a t  is  necessary.  

Provis ions  f o r  coEplete shut-  

The tank  i n  which t h e  a c t i v e  assemblies  w i l l  be supported will be 

approximately 28' high and w i l l  measure 1511 x 1811 i n s ide .  

ness  w i l l  be 1$11 except  a t  t h e  a c t i v e  s e c t i o n  nhere t o  permit a g r e a t e r  

escape of neutrons it w i l l  be made 3/41' t h i ck .  

near t h e  t o p  of t h i s  tank through two feed p ipes ,  each about 8" i n  diameter.  

h a t e r  w i l l  flow out of t h e  tank a t  t h e  bottom through two 811 aluminum pipe 

water o u t l e t s .  

s h i e l d  overhead. 

by a guide wrhich, however, n i l l  permit v e r t i c a l  come and go. 

weight of t h e  tank  m i l l  be t r ansmi t t ed  t o  t h e  bottnm thermal s h i e l d  by sp r ings  

upon which t h e  tank  w i l l  r e s t .  

t h e  Lrawing TD-459. 

hole  s. 

Its wal l  t h i ck -  

"ater v i11  be introduced 

The tank  mill be supported by hanging from t h e  t h i c k  concre te  

Sideways motion of t h e  tank a t  t h e  bottom ail1 be prevented 

P a r t  of t h e  

4. small space f o r  t h e s e  sp r ings  is  shown i n  

The tank  n i l l  not be connected t o  any of t h e  experimental  

The water speed through t h e  a c t i v e  s e c t i o n  of t he  p i l e  will be 

approximately 3 '  per  secqnd, s ince  t h e  c i r c u l a t i o n  r a t e  v i 1 1  be about  1500 

g/min. 

s c a l e  on t h e  hea t  t r a n s f e r  s u r f a c e s  w i l l  not be s e r i o u s  and t h e  water can be 

t r e a t e d  and i t s  pH ad jus t ed  ii; a way such a s  t o  minimize aluminum cor ros ion  

without t h e  complicat ing f a c t o r  of a l s o  minimizinc sca l e  formation. 

Because of t h e  lmer r a t e  of hea t  genera t ion ,  t h e  accumulation of 

Because t h e  p i l e  w i l l  be operated a t  a low pover, replacement of 

t he  f u e l  assemblies  need be c a r r i e d  out only very  inf requent ly .  

operated cont inuously a t  f u l l  power, f u e l  assembly replacement would have t o  

be c a r r i e d  out only twice y e a r l y ,  

ment once i n  one or  two y e a r s  i s  meire l i k e l y .  

Wen if 

Under a c t u a l  onerat ing condi t ions ,  rep lace-  

During t h i s  p e r i @  it may 

- *  
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-- P h p i c  --- s 

Power 
Fas t  neutron flux i n  p i l e  
Thermal neutron f lux  i n  p i l e  
$35 i n  p i l e  
Time assemblies  s tay i n  p i l e  

Process  . l a te r  

C i r c u l a t i o n  r a t e  
Temperature a t  p i l e  i n l e t  
Temperature a t  p i l e  o u t l e t  
Purge ra te  

1,500 gpm 
110' F 

. Bui ld ing  

I4ain room, p l a n  
Process  ce l l s ,  p l an  99 x 131 ft.  

47 x 60 ft. 



become d e s i r a b l e  t o  add a d d i t i o n a l  assemblies t o  compensate f o r  dep le t ion .  

;!hen replacement i s  necessary,  t h e  plug which c l o s e s  t h e  t o p  of the 

aluminum tank w i l l  be removed and the  a c t i v e  assemblies v i 1 1  be e r a r n  

up through t h e  water and t r anspor t ed  sideivays u n t i l  over t h e  v e r t i c a l  d i s -  

charge chu te ,  They will then be loaered through t h i s  chute  i n t o  a shielded 

cask on a t r u c k  which n i l 1  have been d r iven  i n t o  t h e  t u n n e l  underneath t h e  

p i l e  for t h i s  purpose. During t r a n s p o r t a t i o n  of  t h e  assemblies a c r o s s  t h e  

t o p  of t h e  p i l e  s t r u c t u r e ,  s h i e l d i n g  v i l .1 ,  of course,  be necessary,  

can be supplied by a temporary enclosure of concrete  blocks or by a s p e c i a l l y  

b u i l t  shielded cask running on r a i l s .  

t h e  bu i ld ine  w i l l  be equipped .:!ith a f i v e - t o n  crane.  

This 

l o r  f a c i l i t y  i n  hendlir,? such a cask 

Surroundine t h e  rectangular  aluminum tank w i l l  be as previously 

noted, a bed of g raph i t e  pebbles which will completely f i l l  a space 6' square 

and abou t  1.51 high ( t h e  f u l l  height  of t h e  graphi te  r e f l . ec to r ) .  

t h i s  61 x 61 space, s o l i d  g raph i t e  w i l l  be stacked t o  a n  a d d i t i o n a l  distance 

of ,!&I. 

a s i m i l a r  8" t h i c k  l a y e r  of s t e e l  v i 1 1  be located immedia-tely underneath 

t h e  g raph i t e  and above it a s  shown i n  TU-459. 

thermal shie ld .  Heat will be removed from t h e  g r a p h i t e  and from t h e  s h i e l d  

by a i r  which w i l l  e n t e r  through t h e  d u c t s  shown i n  'I'D-458 and TD-459 i n  a 

manner somewhat s i m i l a r  t o  t h a t  planned f o r  t h e  high f l u x  p i l e .  

Outside of 

Outside t h e  s o l i d  ;Traphit@ vi11 be loca ted  811 of s t e e l  p l a t e s  and 

This s t e e l  c o n s t i t u t e s  t h e  

The use of g raph i t e  pebbles next t o  t h e  a c t i v e  s e c t i o n  of t h e  

p i l e  i s  necessary i n  order t o  remove t h e  heat  generated i n  t he  g raph i t e  and 

a l s o  makes it p o s s i b l e  t o  remove t h e  g raph i t e  and replpce it YJith f resh  

g raph i t e  i n  t h e  event t h a t  it shou ld  become damaged by f a c t  neutron e f f e c t s .  

Removal of the pebbles can be accompl-ished by a s t ronp  a i r  suc t ion ,  such a s  

a vacuum c leane r .  The s o l i d  g raph i t e  will a l s o  be provided with cool ing holes .  
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The experimental  f a c i l i t i e s  of t h e  p i l e  c o n s i s t  of 46 openings 

of which a few must be used f o r  i n s e r t i o n  of i o n i z a t i o n  chambers f o r  con- 

trol  of t he  p i l e .  

from t h e  a t tached  drawings. 

a r e  i l l u s t r a t i v e  only and t h a t  changes i n  them can be made without s e r i o u s l y  

increas ing  t h e  c o s t  of t h e  p i l e .  

p o i n t  of view of c o s t  t h a t  a l l  experimental  ho le s  be e i t h e r  p a r a l l e l  or  

perpendicular  t o  each o the r ,  s ince  h o l e s  a t  other  ang le s  will increase  t h e  

complexity of t h e  cons t ruc t ion  job.  

adequate t o  accommodate about 9 simultaneous experimental  p r o j e c t s ,  not  

count ing a l a r g e  number of ho le s  which could be s imul tmeous ly  used f o r  

simple bombardments. 

The genera l  arrangement of t h e  va r ious  holes  i s  c l e a r  

It should be noted t h a t  t h e  arrangements ShOIlJn 

However, it i s  h igh ly  des i r ab le  from t h e  

The f a c i l i t i e s  af t h e  p i l e  a r e  probably 

The p r i n c i p a l  t y p e s  of f a c i l i t i e s  planned a r e  a s  fol lows:  

S ix teen  411 square holes  p e n e t r a t i n g  t o  r eg ions  of 
var ious  i n t e n s i t y  

One thermal  column provided wi th  a lead  door but 
without a B i  windom 

One 1811 square v e r t i c a l  hole  proceeding t o  a reg ion  
of moderate i n t e n s i t y  i n  which l a r g e  samples can  be 
exposed 

One 2 '  square hole  proceeding t o  a r eg ion  of r e l a t i v e l y  
low i n t e n s i t y  and f i t t e d  n i t h  lead  g a t e s  and s u i t a b l e  
f o r  b i o l o g i c a l  experiments 

Twenty 2'' square or  round v e r t i c a l  ho les  proceeding t o  
a reg ion  of high i n t e n s i t y  and s u i t a b l e  f o r  bombardment 
of m a t e r i a l s  

Four 11' round tubes  f o r  pneumatical ly  operated sample 
capsule  s , 

2.2 The Flater Syst_s 

The water system w i l l  be composed of v e s s e l s  and piping of 

aluminum or s t a i n l e s s  s t e e l  mith t h e  p s s s i b l e  except ion  of t he  r egu la t ing  

r cd, which m i l l  be beryl l ium. This  rod ,  however, can be c l ad  if necessary 
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t o  avoid a co r ros ion  problem. 

a r e  s i m i l a r  t o  those of t h e  high flux p i l e ,  except t h a t  it i s  planned t o  

pump d i r e c t l y  from t h e  sump t a n k  i n t o  t h e  pile. 

The water then  floyfs downward through t h e  p i l e ,  emerging from beneath it 

and passing t o  a seal  tank,  t h e  purpose of irhich, a s  i n  t h e  case of t h e  high 

f lux p i l e ,  i s  t o  maintain a t  a l l  times approximately 20' of n a t e r  over t h e  

'Ihe p r i n c i p a l  elements of t h e  water system 

No head t ank  is planned. 

a c t i v e  po r t ion  of t h e  p i l e .  

overflow tank through a non-entraining type of overflow. 

tank it i s  sucked i n t o  a f lash- type coo le r  which i s  operated a t  a p a r t i a l  

vacuum i n  which a p o r t i o n  of t h e  x7ater i s  evaporated,  i s  condensed on coo l ing  

c o i l s  l oca t ed  wi th in  t h e  formation t a n k  i t se l f  anci within which a l s o  any 

f i x e d  gases ,  such as hydrogen, oxygen or n i t rogen ,  a r e  removed. From t h e  

f l a s h  tank t h e  water falls through a barometric l e g  t o  t h e  swnp tank and t h e n  

passes  through t h e  c i r c u i t  again.  A l l  p a r t s  of t h e  n i l e  vhich are  inacces- 

sible and are  wetted by water w i l l  be made of aluminum, b u t  once t h e  p ip ing  

has extended beyond t h e  l i m i t s  of t h e  p i l e  s h i e l d ,  s t a i n l e s s  steel or s t a i n -  

l e s s  clad mild s t ee l  n i l 1  be used. The va r ious  t anks  will be s ta inless  clad 

mild s t e e l  and t h e  condenser c o i l s  v i 1 1  be s t a i n l e s s  also.  

The water o v e r f l o w  from t h e  seal  t ank  i n t o  an 

Prom t h e  overflow 

\,rater w i l l  be purged from t h e  system a t  12 of t h e  circulation rate 

( t h a t  is, a t  1 5  g a l l o n s  per minute) and w i l l  be made up by demineralized mater 

introduced i n t o  t h e  system a t  t he  same r a t e .  

two 120,000 g a l l o n  r e t e n t i o n  bas ins  i n  which it n i l 1  s t a y  f o r  a time ample 

t o  permit decay of Na24 t o  f a r  below t o l e r a n c e  levels. 

a c t i v i t i e s  are expected t o  be p re sen t  and t h e  water should be safe t o  d i s -  

charge from t h e  r e t e n t i o n  b a s i n  i n t o  any normal stream. 

The purge w i l l  pass t o  one of 

No other s e r i o u s  

The second r e t e n t i o n  bas in  i s  supplied a s  a r e s e r v e  i n  case of 

emergency need and w i l l  be completely empty under normal conditiciis .  
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The demineralized water system 

c a p a c i t y  20 g a l l o n s  per minute) and will 

will be of small  s i z e  (maximum 

not r e q u i r e  a sepa ra t e  bu i ld ing ,  

A tanlc for demineralized water s to rage ,  having a c a p a c i t y  of 60,000 g a l l o n s  

(approximately t h e  volume of t h e  c i r c u l a t i n g  system) w i l l  be provided and 

loca ted  j u s t  outs ide t h e  p i l e  bui lding.  

The coo l ing  tower over which t h e  c e e l i n g  v a t e r  is  passed betveen 

passes  through f r e s h  condenser c o i l s  w i l l  be l e c a t e d  on t o p  of t h e  rear 

p o r t i o n  of t h e  p i l e  bui lding.  

except ion of t h e  r e t e n t i o n  bas ins  w i l l ,  t h e r e f o r e ,  be i n  p at tached t o  t h e  

p i l e  bui lding i t se l f  . 

A l l  t h e  process  water equipment, with t h e  

The pumps w i l l  be made of c o r r o s i o n - r e s i s t a n t  a l loy and t h r e e  

pumps m i l l  be i n s t a l l e d ,  of which any two can c i r c u l a t e  t h e  Tirater a t  t h e  

d e s i r e d  rate. 

owt of commission. 

poss ib l e  pewer outage, a small  gasd ine-engine-dr iven  e l e c t r i c  generator  w i l l  

be i n s t a l l e d  which will come i n t o  a c t i o n  au tomat i ca l ly  i n  t h e  event of a power 

fa i lure .  

l a t i o n  should s top  beca.use of t h e  r e l a t i v e l y  l a r g e  h e a t  c a p a c i t y  of t h e  p i l e  

and t h e  f a c t  t h a t  it may be shut  down promptly i n  t h e  event of any d i s tu rbance  

of ope ra t ions ,  

The t h i r d  pump i s  a standby f o r  use when one of t h e  o t h e r s  i s  

In order t o  permit operat ion of one pump during a 

Actually,  t h e r e  i s  l i t t l e  danger t o  be f e a r e d  i f  t h e  water c i r c u -  

2.3 A i r  System 

A i r  f o r  cool ing t h e  g raph i t e  w i l l  be drawn i n  from outdoors through 

a f i l t e r  and w i l l  p a s s  through d u c t s  underneath t h e  p i l e  f l o o r ,  f lowing up- 

ward around t h e  outs ide of t h e  thermal s h i e l d ,  ac ross  t h e  t o p  of t h e  g raph i t e  

and down through t h e  g raph i t e ,  t hen  being c o l l e c t e d  i n t o  other d u c t s  a l s o  

under t h e  f l o o r  of t h e  p i l e  bui lding.  

fans ,  each of which can handle 25,000 cubic  f e e t  per minute a t  a pressure 

The a i r  will t h e n  pass  t o  a p a i r  of 
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r i s e  of approximately L+Olt nf water. 

through a 200' high, 4'  i n s i d e  diameter s tack.  The r a d i o a c t i v i t y  of t h i s  

a i r  which will be p r imar i ly  110 minute A 4 l  will, of course,  be cons iderably  

l e s s  t han  the  r a d i o a c t i v i t y  from t h e  ? re sen t  C l in ton  g raph i t e  p i l e  and i t s  

r e l e a s e  i n  t h e  v i c i n i t y  of t h e  p i l e  bu i ld ing  w i l l ,  t h e r e f o r e ,  cause no hazard 

and w i l l  not  i n t e r f e r e  n i t h  most t ypes  of experiments. 

enclosed i n  a c m c r e t e  c e l l  and will be provided n i t h  dampers by means of 

which e i t h e r  f a n  can be i s n l a t e d ,  It i s  be l ieved  t h a t  t h i s  w i l l  be j u s t  a s  

s a t i s f a c t o r y  and much l e s a  expensive t h a n  using wa te r - f i l l ed  s e a l  p i t s  a s  

is  t h e  present  C l in ton  p r a c t i c e ,  

The a i r  w i l l  be exhausted from t h e  f a n s  

The f a n s  w i l l  be 

2.4 Building and F a c i l i t i e s  

A f l o o r  p l a n  of t h e  bu i ld ing  i s  shnwn i n  Drawing TD-458. "his 

p lan  i s  schematic and does not i n d i c a t e  the  exac t  l p c a t i o n  of such necessary  

f a c i l i t i e s  a s  locker  rooms, e t c .  The est imated c a s t  fl t h e  bui ld ing ,  however, 

i nc ludes  such f a c i l i t i e s .  

s teel  frame and t h a t  i t s  wa l l s  be of b r i c k ,  t i l e  o r  concre te  b l w k  and t h a t  

t h e y  be windowless. 

It i s  planned t h a t  t h e  bu i ld ing  have a s t r u c t u r a l  

It i s  a l sn  planned t h a t  t h e  bu i ld ing  be a i r -condi t ioned  

i n  order t o  minimize d i f f i c u l t i e s  with ins t ruments  and t o  make t h e  bu i ld ing  

a c d o r t a b l e  p lace  i n  vrhich to mork. The bu i ld ing  w i l l  con ta in  a f i v e - t o n  

space covering c rane  which w i l l  no t ,  however, span t h e  e n t i r e  99' width of 

t h e  bu i ld ing ,  The crane span will probably be about 6 0 ' .  Addit ional  

columns fC;r the  support  of t h e  crane and ef t h e  roof w i l l  probably be 

requi red  i n  t h e  bu i ld ing  bu t  a r e  not shown i n  the  f l p n r  plan. 

Approximately 2,000 sq. f t .  of l abo ra to ry  space i s  spec i f i ed  as 

being necessary wi th in  t h e  limits Of t h e  p i l e  bu i ld ing  i t s e l f .  

be on t h e  f i r s t  f l o o r .  

and t h e  c o n t r o l  room f o r  t h e  p i l e ,  which w i l l  l o o k  out i n t n  the  main p i l e  

These w i l l  

On the  second floor t h e r e  w i l l  be o f f i ces ,  l ocke r s ,  

r oom. 
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A t  t h e  r e a r  (North on t h e  drawing) end of t h e  P i l e  Su i ld ing ,  

t h e r e  m i l l  be s e v e r a l  c e l l s  a t tached nhich m i l l  con ta in  t h e  process equip- 

ment, as previously noted, and w i l l  a l s o  con ta in  t h e  process  equipment 

operat ing c o n t r o l  room, 

from t h i s  room. 

c r e t e  with a t h i ckness  of about 2' i n  order t o  in su re  adequate sh i e ld ing .  

The f a n s  and t h e  water system will be con t ro l l ed  

The process  equipment c e l l s  w i l l  probably be made of con- 

3. Estimated Costs 

The est imated c o s t  of t h e  Poor bl,anls P i l e  i s  shown i n  t h e  f n l l o w -  

i ng  t a b l e ,  

TABLE I1 
ESTIMATED C ONSTRUC T I  ON C OSTS 

--- Item De s c r i p t  ifjg &I& 

1. P i l e  tank and 28'  x 1511 x 18" A 1  t ank ,  1*11 wall 
t h i ckness ,  with t o p  plug,  water i n l e t s  
end o u t l e t s ,  c o n t r e l  rod guides and 
assembly s u p o r t  g r i d s  ( t o p  and 
bottom). - 3500 l b s .  

$ 5,000 
c ontent s 

2. Control  Rod Drives (mBtws, gear ing and e l e c t r i c a l  10,000 
d r i v e s  work) f o r  4 shim-safety rods and 1 reg-  

u l a t i n g  rod. 
rods  except p o r t i m  a c t u a l l y  i n s e r t e d  
i n  p i l e .  

Includes a l l  p a r t s  c o n t r o l  

3 ,  GrBFhite About 35,000 l b s .  3 / k S  diam. g raph i t e  10,000 
pebbles  pebbles 

4 .  Graphite b a r s  411 x 4'1 x v a r i o u s  l e n g t h s  machined 117,000 
graph i t e ,  about 158 t o n s  f i n i s h e d  

5. Steel  thermal 8" t h i c k  on a l l  6 s i d e s  ef g raph i t e .  
About 250 t o n s ,  as 1" p l a t e  

Thermal column and b i o l s g i c a l  hole 

60,000 
s h i e l d  

6. Lead g a t e s  2 , 500 
and doors doors and g a t e s  

T o t a l s  

120,000 7 .  Concrete 9 '  t h i c k  sh i e ld  as  shown on TD-458, 
p l u s  necessary hole l i n e r s ,  reinf orc- 
ing s t e e l  and anchor b o l t s .  About 
1500 CU.  ya rds  conc re t e ,  
estimate of about $40,000 f o r  excava- 

d i r e c t l y  under p i l e  

s h i e l d  

Also includes 

t i o n ,  p i l i n g s ,  foundat ions and f o o t i n g s  - -  
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8. Instruments- Air flov! i nd ica to r - r eco rde r s  ( 4 ) ,  I p  25,000 
t ion  neutron ion  chambers p l u s  amplif ier  s 

and r e c o r d e r s  ( 5 ) ,  1 2  po in t  temper- 
ature recorder  p l u s  elements,  12  
gamma i o n  chambers, a m p l i f i e r s  and 
r eco rde r s ,  5 c o n t r o l  rod p o s i t i o n  
in6 i c a t  or s , !later flow r e c  o rde r s  (2 )  , 
5 microphones, 2 f r i s k e r s ,  5 monitrons, 
a l l  panel  boards and equipment i n  both 
c ontr  01 r o oms 

T o t a l  P i l e  
Pr  ope r 

Sum items 1 through 8 

9. F l a s h  coo le r  Jyprox. 3300 kn. heat  r a t e  t o  coo l  water 
from 125' F. t o  llO°F. Vecuum type,  i n -  
t e r n a l  condenser, steam j e t s  t o  remove 
f i x e d  gases. S t a i n l e s s  s tee l  c l ad  on 
mild steel ,  s t a i n l e s s  t u b e s  

30,000 

10. Seal tank 10' D x 25' H iirorking cap'y.  12,000 12,000 
g a l s . ,  80-20 s t a i n l e s s  c l ad  s t ee l  t ank .  
11,000 l b s .  

11. Overflew Same s i z e  and s p e c i f i c a t i o n s  a s  seal  12,000 
t a n k  tank 

12. Sump tank 25 D x 1 0 '  H Tiorking cap 'y  30,000 20,000 
ga l s .  80-20 s ta in less  c l ad  s t ee l  tank.  
18,000 l b s .  

13. Lemineral- 60,000 g a l .  80-20 s t a i n l e s s  c lad s t e e l  25,000 
ized !ater t ank ,  23 ,COO Ibs, 
Storage Tank 

1.4. Process water I - R  Ircamet chem, type Model SHC, 40 - 7,900 
pumps and 50'  head a t  800 ppm. 7613 e f f f c f y y .  
d r i v e s  Fkchanical s h a f t  s e a l ,  1 5  HP motors, 

3 pumps p l u s  e l e c t r i c  motor  d r i v e s ,  
p l u s  1 20 HF Hercules standby gasol ine 
engine generat  o r .  Eqpt id6865 

To c o o l  1520 gpm i-rater from 100°F t o  85OF 
with Tilet bu lb  of 80°F. Plan 22' x 3 7 ' ,  
o v e r a l l  height  2 7 ' .  Std.  red.:lood spray- 
f i l l e d  tower, i n c l .  a l l  sumps and i n -  
t e r n a l  p ip ing ,  Binks K-COO or equal. 
P r i c e  e rec t ed  e 

15.  Cooling 12,000 
t ooaer 

16 .  C o d i n g  I - R  Type 4CFiVL pwnps, 60 f t .  head. 3 
water pumps required.  Each 20 IP e l e c t r i c  d r i v e s .  
and d r i v e s  One 30 HP Hercules standby gasol ine 

engine generat  or. Equipment :,j1868 

2,200 

b343 500 
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Retent ion 2 b a s i n s ,  each 120,000 g a l s . ,  concrete  $ 24,000 
b a s i n s  with r6of 

18. Demineral- 20 gpm c a p a c i t y  
i z e r  

T o t a l  Process Sum of items 10 through 18 
Water and 
Cooling liater 
Systems 

19. Blowers and 2 - 25,000 cfm d e n t r i f u g a l  blowers, 

c lud ing  motors, d r i v e s ,  switch gear  
and i n s t a l l a t i o n  

d r i v e  s p res su re  rise apwox. 50f1 water, in -  

4,000 

2 5,000 

20. Building A 1 1  bu i ld ing  s t r u c t u r e  above ground 1,250,000 
leve l ,  including 5 t o n  crane,  b u t  
excluding: t unne l  under bui lding,  
p i l e  concrete  and foundat ions,  
l abe i r a to r i e s  i n  bu i ld ing ,  duct  work 
under bu i ld ing ,  and b u i l d i n g  a i r  
c ond it i on ing 

21. Laborator ies  5 l a b o r a t o r i e s ,  2000 ft.2 t o t a l ,  
c omplete with f u r n i t u r e  bu t  not w i th  
p o r t a b l e  equipment, s u p p l i e s  or in- 
s t r  me n t  s. 

22. Basement See drawing 
tunnel  

23. Duct work A i r  and water duc t s .  See drawing. 
m d e r  bui ld-  
i ng  

64,000 

100,000 

20,000 

24. Building a i r  Dehumidification, cool ing and filter- 40,000 
c ondi t ibning ing. 

25, Stack 20Q f t .  high, 4 f t .  I.D., r e in fo rced  100,000 
conc re t e  s t a c k  

T o t a l  Build- 1,574,000 
i n g  and 
S t r u c t u r e  s 

T o t a l  Materials and Labor 
Engineering and Design 10% 
C ont ingenc ie s 15% 
T o t a l ,  not  including c o n t r a c t o r  Is everhead 

2,097,600 
209,760 
314,640 

2,622,000 



*I5 - G 9 N L  - 2 6 

Inspect ion of t h e  t z h l e  shoris t h a t  t h e  p i l e ,  p l u s  t h e  necesspry 

process  equipment and instruments,  accounts f o r  only about one-quarter of 

t h e  t o t a l  cos t  of t h e  i n s t a l l a t i o n .  The bu i ld ing  accounts f o r  t h e  r c s t .  

Thus it i s  evident  t h a t  although some reduc t ions  i n  t h e  c o s t  of t h e  p i l e  

i t s e l f  a r e  poss ib l e ,  a s  noted below, t h e s e  v i 1 1  meke l i t t l e  d i f f e r e n c e  i n  

t h e  Overall c o s t  of t h e  i n s t a l l a t i o n  unless t h e  s i z e  of t h e  bui lding i s  

s u b s t a n t i a l l y  decreased. 

In  gene ra l ,  t he  assumptions nade f o r  t h e  purl-oses of t h i s  e s t ima te  

a r e  conservat ive a s  r ega rds  t h e  design of t h e  p i l e .  

sumed t h a t  t he  b i o l o g i c a l  s h i e l d ,  t h e  thermal  s h i e l d ,  and t h e  t o t e l  amount 

of g raph i t e  required around t h i s  p i l e  are t h e  same a s  t h e  amounts required 

around the high flux p i l e .  

and sune saving could be achieved by reducinf ,  tile thiclrness of t h e  shie1.d. 

It is poss ib l e  a l s o  t h a t  t h e  tunne l  underneath t h e  p i l e  bui lding coulc' be 

reduced considerably i n  s i z e  if a means SI" unloadinr assemblies from t h e  p i l e  

and i n t o  a t r u c k  vere  use2 7:rhich does not  iiivolve d r i v i n g  a t r u c k  underneath 

t h e  p i l e .  

araund t h e  p i l e  is  considerably g r e a t e r  t han  i s  r e a l l y  necessary and probably 

could be reduced by tyro or t h r e e  f e e t ,  t hus  r c i s i n g  t h e  l e v e l  of t h e  bottom 

thermal s h i e l d  and t h a t  of t h e  sub-pi le  t unne l .  

r e su l t .  The r e t e n t i o n  bas ins  a r e  s u f f i c i e n t  t o  hold up s a t e r  from t h e  p i l e  

a t  t h e  normal r a t e  of discharge f o r  I$- days more than  t h e  4 dags a l l o w <  i n  

t h e  case of t h e  high flux p i l e ,  even though t h e  amount of r a d i o z c t i v i t y  Y-hich 

it i s  expected t o  discharge v r i l l  be less  by more than  a f a c t o r  of 10. 

sumably, t h e  discharge from t h i s  basin should,  t h e r e f o r e ,  be normally l e s s  

than 1/20 of t o l e rance  f o r  conp le t e  24-hm.r per da;r immersion or f o r  dr inking.  

Thus it has been as- 

This  i s  an obviously conservat ive assumption, 

Such a means cEln e r s i l y  be devised.  The height  of the  g raph i t e  

S u b s t a n t i a l  savings vould  

: r e -  

Although t h e r e  a r e  thus  a number of p o s s i h i l i t i e s  f o r  f u r t h e r  

reducing t h e  c o s t  of t h e  p i l e  i t s e l f ,  a n  even p r e a t e r  opportunity e x i s t s  i n  - 
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c 

' t h e  case of the p i l e  bu i ld ing ,  t h e  size of yihich has been picked f a i r l y  

a r b i t r a r i l y .  

The foregoing t w o  paragraphs i n d i c a t e  t h a t  t h e r e  i s  some cushion 

There i s  a l s o  a cons ide rab le  element of unce r t a in ty  i n  t h e  estimated c o s t ,  

i n  t h e  c o s t  of c e r t a i n  p a r t s  of t h e  p i l e .  

e x i s t  i n  t h e  c a s e s  of t h e  p i l e  instrumentat ion,  t h e  c o n t r o l  roc! d r i v e s  and 

The more proi&ent unce r t i . i n t i e s  

t h e  p i l e  tank and i t s  con ten t s .  The e s t i m a t e s  made are believed t o  be 

reasonable,  but only a considerable  amount of d e t a i l e d  f u r t h e r  study could 

e s t a b l i s h  t h i s  accu ra t e ly .  Fortunately,  t h e s e  items r ep resen t  a. s m a l l  f r a c -  

t i o n  of t he  t o t a l  c o s t  and t h e  unce r t a in ty  i n  them i s  t h e r e f o r e  r e l a t i v e l y  

unimportant. 

The operat ing c o s t s  of t h e  i n s t a l l a t i o n  m i l l  not  be l a r g e .  I n  

Table I11 a number of t h e  mayor items of c o s t  a r e  l i s t e d .  I n  a d d i t i o n  t o  

t h e  i tems l i s t e d ,  t h e r e  w i l l  of course be experiditlires f o r  1 igh t iLg  and 

heat ing t h e  i n s t a l l a t i o n ,  f o r  supplying :later and ges t o  i t ,  e t c .  

includes nhat appears t o  be a r e r sonab le  c l l o m n c e  f o r  a s e c u r i t y  and p a t r o l  

The l i s t  

f o r c e  on t h e  assumption t h a t  such an insta1.3.ation 2.s t h i s  vould have t o  be 

guarded i n  accordance rrith e x i s t i n g  F r a c t i c e s  of t h e  Atomic Knergy Commission, 

even though t h e  i n s t a l l a t i o n  were not owed by t h e  government. 

4. $onclus&_og 

The b r i e f  s tudy reported here  seems tr, i n d i c a t e  t h a t  a p i l e  nhich 

would operate a t  neutron fluxes equal  t o  or greater than  those p r e v a i l i n g  a t  

Hanf'ord, a t  krgonne, or  i n  Canada could be constructed for a t o t a l  cos t  of 

about $2,500,000, a l l  bu i ld ings  and other  i n s t a l l a t i o n s  include<. 

t h i s  does net  put  t h e  i n s t a l l a t i o n  Tiithin t h e  reach of ve ry  many i n s t i t u t i o n s ,  

it i s  of in terest  tr, note  t h a t  t h e  Universi ty  of Chicago i s  c u r r e n t l y  spending 

Although 

$1,700,000 on a l a r g e  cyclotron.  Other e l ec t ro -nuc lea r  machines w i l l  be 

s i m i l a r l y  expensive. It t h u s  seems l i k e l y  t h a t  ~ i t h  a l i t t l e  f u r t h e r  s tudy a m 
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p i l e  can be designed having approximately t h e  above c h a r a c t e r i s t i c s  and 

c o s t i n g  l i t t l e  i f  any more t h a n  a l a r g e  cyclotron. 

TABLE I11 
SORE IWORTAN" OPERATING COSTS 

i a t  e r and water t rea t  me n t  30,000 

Labor, attendance and supe rv i s ion  1 5  employees 72,000 

Guards 9 employees 

*Assuming 24 hours d a i l y ,  7 day weekly ope ra t ion  
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