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This  r epor t  is the  t h i r d  of  a ser ies  Ciri criticality s tud ie s  
of  smell t h e m d  reactors.  kfiile the  e a r l i e r  r e p o r t s  conteined data 
from r e l a t i v e l y  simple and ' ' c l c m T +  assemblies, %be p>xperirnents to GI: 
descr i lcd  in t h e  present papcr  involved assemblies ahich  were less 
simple and less " c l ~ a n " .  The term "clean" j s  used here tn imp ly  
Lan experirncntnl srrangomttnL in which the  core and l ref loctor  ere  
slot on ly  of  simple, c d . c u l o b l e  geomctr) t u t  m e  s l s o  3s f r ee  qs 
possible of imles, T ~ C ~ E S B S  snC extraneous materials, 

Tnc s ~ s n m b l i c s  t o  bc consiclei*& here are of s lab &eo,mstsy, 
and therefore crlculat;l.c, but contain (1) v a r i o u s  mounts  of e x c e s ~  
amison in t he  U-Al-F:$ COFC,  (2) ho29s of va r ious  s i z e s  extending 
ti?,mugh the r o f l e c l o r  sn4 ( 2 )  i n  the  l a t e r  cxpel - imuss  the ref lwt ,ar  
WBB a composite of  tc ry l l ium,  crjntainin6 spproxirxztely 2% l uc i t e  t o  
sirnuiata cool ing  watcr ,  and FI;Z'ayhitf:. 

The expcrirncntaf f a c i l i t i e s  uced f o r  t h s e  s t u d i e s  &re  
descr ibed  i n  A:;nnP-2.57 and ORNL-79. ~!~!ionF-2'2 conta ins  gmernl  d i s -  
cuss~o t i s  of  thc piiysicic of  t h e  Eigk Flux €?~38ctor,  bow in final 
dasign sttigc; tfie exper iments  ximv be ing  r epor t ed  were perforwed t o  
ennfim, severo l  of t he  resul ts  d e r i v e d  from t b o r e t i c a l  consider- 
a t ion  in B!ionP-;'72 ~2nd a l s o  t o  s c t a i r ,  wanpirice5 knowledge or' c e r t e i u  
features of the h j &  f lux  re~,c'to-ir which a r c  not rFedi ly  cnfculabLe 
becauw of coroplicatims o f  Beornotry o r  c c m p s i t i o n ,  

Ir p a r t i c u l e r ,  this repor t  w!l l  descr ibe  studies o f  (1) 
the critical mass ( o r ,  t?qre d i r e c t l y ,  the exc:-:ss &/k) o f  s l a b  
p i l e s  a~ 8 func t ion  cf' tlle ler ikth t c i  w i d t h  ratio of  t he  corev (2) 
the e f fec t  of  holes i n  the re f lec tor ,  and of absorbers ir, these 
holec,  on t he  k of the reactfir, I:') t he  'nest h a d  in the *fleetor  
zrisi t>g f rom gamma ray absorption, (4) ; p e t i d  d i s t r i b u t i o n s  of 
thenii3I, indium rmonence  ?rid €fist (U > z XTCV. 1 ~ . s ~ t + r o n  f l u x  in t h e  
eorc mci i n  t h e  re f lec tor ,  particularly the  d f s t r i b u t i o n s  o f  
.t;hern,d '3nd izdiun rcsonar,ce mutror.8 i n  t k c  experimental h o l ~ s ,  
arid ( 5 )  the effectiveness o f  c o n t r o l  rods of ver io tm mati:rin~,s and 
of various s i z e s  i r :  toms o f  Ak/k. 



11, The 7;,xcess Heectivity of 15-AL-€ir,t? Rcr;ae-t;ors, w i t h  Be Reflector, - b, -...--... -'L-..- II I 

i,s a Function of Geometry and Ref lec to r  Copposition. -- -.-*rur--.-rr -̂c- I_c 

Inc rease  in t h i c k n c s s  of  the c l a h  Fsna: 11 crn, t o  17 
cm. 

Incri ,ase i3 thickxleEs of' tiie e lsb  from 17 CK, to 
22.5 ern. 
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A s  t h e  s i z e  of  the r e a c t o r  is increased  over  t h a t  of t h e  

small c lcan s lab i t  is  necessary  t o  add uniformly d i s t r i b u t e d  
poison i n  t h e  core  t o  hold k -e f f ec t ive  t o  a va lue  c lose  t o  uni ty .  
The poison used i n  these  experiments i s  type  347 s t a i n l e s s  s t e e l ,  
i n  t h e  form of  s t r i p s  1/8~15/16x26 inches. These a r e  i n s e r t e d  i n  
p lace  of  eluminum s t r i p s  of t h e  same dimensions which a r e  used t o  
a t t a i n  t h e  d e s i E d  Al/H20 volume r a t i o  i n  t h e  core. Although 
tnis s u b s t i t u t i o n  changes the W t o  H20 ratja  t o  some ex ten t ,  t h e  
magnitude of  t h e  change is  small  and t h e  e f f e c t  on t h e  neut ron  age 
i s  a l so  small, and we j u s t i f y  i t  on these  grounds. he are indebted 
t o  H. Pomerance f o r  measurements o f  t h e  thermal absorp t ion  c r o s s  
sec t ion  of' samples o f  type  347 s t e e l  by t h e  p i l e  o s c i l l a t o r  method. 
The r e s u l t s  of  t h e s e  measurements y i e l d  3.04 mm2/grn of s t e e l  o r  
12.3 em2 f o r  t h e  cross s e c t i o n d  each s t r i p .  

Beeinning w i t h  t h e  51x11~66  ern, r e a c t o r ,  conta in ing  1.35 
kg. of  fuel, b o t h  poison and f u e l  were added i n  appropr i a t e  
increments unt i l  a l eng th  of 7 1  cm. was reached. A t  t h i s  s t a g e  
the  r e a c t o r  contained 1.94 kg.  of f u e l ,  and t h e  excess 0.59 kg. 
(over  t he  c l ean  c r i t i c a l  mess of 1.55 kg.) requi red  266 cm2 of  
uniformly d i s t r i b u t e d  poison t o  hold t h e  excess  r e a c t i v i t y  t o  zero 
with a l l  c o n t r o l  rods removed. T a b l e  I shows t h e  excess r e a c t i v i t y ,  
represented  by poison cnntent ,  f o r  each of tho  assemblies s tudied.  
The excess  Ali/k i s  obta ined  by computing t h e  k f o r  each assembly 

- from k = 

then Ak/k =JQ- 
k i  

and k i  t o  t h e  poisoned assembly. 

o x j / c t o t a i  where C' total  - =25 ' D ~ i  + a ~ , ~  + o ~ ~ ~ ~ ~ ~ ;  

where k, r e f e r s  t o  t h e  c lean ,  unpoisoned core 
k, 

ibhen t h e  r e a c t i v i t y  is  changed by a meafis which does not  
a l t e r  t h e  t o t a l  amountcf f u e l  i n  t h e  core  o r  t h e  concen t r a t ion  of 
f u e l ,  it can e a s i l y  b e  shown t h a t  t h e  f r a c t i o n a l  chanLe i n  k i s  
e iven  srrmply bq &/k = -Lb/o, wnere .% i s  t h e  amount of uniform 
poison added t o  o r  remclved from t n e  core and r is  t h e  t o t a l  c ros s  

s e c t i o n  o f  t he  r e a c t o r  havinL the  sma l l e r  anount of poison. For 
example, when Graphi te  is  sdded t o  one z i d e  of t h e  beryl l ium re- 
f l e c t o r  of  assembly 3 ( r e f e r  t o  Table  I ) ,  27 cw2 a d d i t i o n a l  poison 

- e- 



4lliiim 
are r e q u i r e d  t o  o f f s e t  t h c  increased r e a c t i v i t y  2nd t h e  ef fec t  of the 
g r a p h i t e  layer  is given by 

'Table I s u m a ~ i z e s  t h e  p e r t i n e n t  c r i t i c a l i t y  data f o r  each 
of t h e  bs ry l l . iwn  r e f l e c t e d  reactors i n  t h i s  se r ies .  CO~.I.I~IYII CI in- 
d i c a t e s  t h e  amoimt of  3-225 requi red  t o  f i l l  t h e  core IiiaviIie; t h e  
dimensions sh.om i n  co l imr~ 2, a t  a file1 concen t r a t ion  of 37. 1 grams 
per l i t e r  of  core. Column 4 shows th:: arnount o f  uxiiforml:~. d i s t r i b u t e d  
poison r equ i r ed  t o  hold t h e  excess k of t he  aascmb1.y t o  zero;  t h a t  
is, t o  h o l d  t h e  r e a c t o r  j!ist a t  c r i t i c s l i - t y  with 811 con t ro l  rods 



3a 7 lx l lxE6 1.94 

3b 7 lx 1lxE 1.94 
(30 cm. gra1:hite 
on one side) 

4 7 3 x 14x66 2.44 
(30 cm. C m p h i t c  
on one side) 

5 7 Ix 17x6 E 2.9:' 

(30 cm. y,i*aphite 

on o m  s i d e )  

71X22.5xGE 3.95 

(30 crn f , raphi te  
on one side; 2% 
water i n  Be) 

7 71X22.5XeiC 5.35 
( 2 ~  era. g-mpkiite 
on 211 c ides  of  
Be. Seven 6" holes  
in r e f l e c t o r ;  2% 
wzter in Be)  

* con ta in  fractional f u e l  t u b e s  
k, 1.E167 (clcaxi corn) 

1.5626 

1. 58'43 

1.5104 

1. .5iilST 

1.4DHtl 

1.3670 

1.. 32.17 

1.3€.03 

-e- 



T I L .  Ef fec ts  of t h e  Experitrrental Holes 'Throiigh t h e  Ref lec tor .  
, . P. _I_ 

It will be i-ccalled tbst  the  research  f a c i l i t i e s  of the 
h igh  f l u x  r e a c t o r  inc lude  seven large cxpsr i rnentnl  holcs, fou r  o f  
wk1ic.b begin a t  t h e  core-ref lector  i n t e r f a c e  and extend through trie 
c n t i r e  thickness o f  r e f l e c t o r .  The o t h e r  t h r e e  nolos bcc;in 15 cm. 
out  i n  the bery l l i um and cxtcnd through Llie rcmaindes of t h e  re- 
f l e c t o r .  I n  connection viitii t h e s e  i r s eg ,u l a r i t i e s  i n  'thc rsi ' iector 
a number of cXpwimen t s  are o f  i n t e r e s t :  (1) t h e  c o s t  o f  t he  holeg 
i n  terms of &/k, or i n  tennz of adrlit,ioiial f u e l ,  ( 2 )  t h e  e f f e c t  on 
t h e  r e a c t i v i t y  of  the  core o f  filling m y  one or a l l  of the holes  
with w a t P r ,  and (3) t hc  e f f e c t  of  varion,:  absorbers ,  ~ u c h  as experi-  
mental  apparali.~;, a t  various pozitions i n  the holes. Itern (2) 
is of i n t e r e s t  from the staridpoint of' sa fs ty ,  s i n c e  i t  i s  conceivable  
t L a t  an accicierit might occur i n  which Lhe w z l l  of the hole would 
co l l apse  or atherwise fclii,  causiiig t he  hole t o  f i l l  w i t h  n-,tcr and 
t h e r e b y  incrwcin ; ;  the  r c n c t i v i t y ;  furtheiwiore, i t  is l i k e l y  t h a t  
1wter-cool ing wj 11 h e  d c r i r t d  f o r  t x p e r i ~ w n t s l  appa ra t i l s  i n  one OP" 
r r o m  of t he  iw7es  on certr-in occasions,  and the daita obta incd  hsrs 
will indicate t h e  ~ ~ x i r r i u m  Pff 'sct  of  m t c r  cooling on AK/::. 

The e f f e c t s  of the  v w i o u s  no lc s  w r e  :ilea:;l.irsd t;y t h e  
foJ.~.nwing procedure. 
wi th  a L i v e n  amount of  poison and with  no ho l s s  i n  (;he r*cfloc.tcrl-. 
A p o r t i o n  of the g r a p h i t e  arid b e ~ y l . l i u m  i n  t h e  region o f  t h e  hole  
-to be c t u d i e d  is  removed9 the squafe al.urriinuim s h e l l  i s  i n s e r t e d  8% 
the propel. p l ace  and t hc  r e f l e c t o r  i s  re-s tacked nroi.mil 1%. 'Jke fioui' 

observe t h a t  in order t o  t>ffset; t he  leakage throup;h t h e  ho le  and 
b:r-i.n[.; t i i c  r s a c t o r  b ~ c k  to the p o i n t  of c r i t i c a l i t y  on atnoun% of 
d i s . t r i b u t e d  poisclr: AD must be removed from t h e  core. The e f f e c t  of  
t h o  hole on the r e a c t i v i t y  o r  the 

$le be;,in w i t h  B reactor which i s  j u s t  cr i t ic i l l .  

r m c t o i -  i.s given b y  Ak/k=b- /g ,  

I, 
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Before i n s e r t  i n3  a close-f ' i t t  ing p a r a f f i n  b l o c k  i n t o  t h e  aluminum 
s h e l l  t o  sirrilllate water-fillink, tLt core i s  poisoned cxeessively 
t o  oEfset the  cxpected innresse  in r e a c t i v i t y .  hhen t h e  h91e is 
f i l l e d  a i t h  p a r a f f i n  the d i s t r i b u t e d  poison i s  a g l i n  ad jus ted  u n t i l  
the reac tor  i s  j u s t  c r i t i c a l  and the  r e a c t i v i t y  change due t o  t h e  
i n t r o d u c t  io11 of p a r a f f i n  is  determined as beforc ,  

In f a b l e  I1 wc present  t h e  rccjults o f  the  experinleiits just 
descr ibed ,  f o r  ?ssc.mblje;-, 3, 5 and 6. Measurcxents w r e  taken for  S i x  

ip,31holr-:s dit; t he  edge positiom and for  both  E ~ X  inch an6 eight  inch 
holes a t  the  ccntzr p o s j t i o n ,  It WRS thought a t  one Liae t h a t  sntlrc 

internct i jon between the holes  might t a k e  p lace ,  b u t  rnf:asurt.ments mode 
on i n d i v i d u - 1  ho les  and of1 tarieus c a u b i n a t i m s  of  two o r  mow holes 
ir idicate triat the e f f e c t s  a r e  approximately a d d i  t iJe;- .  

- 11- 



?'able TI 
Effec t  o f  Pxperirncntal  Holes  i n  t h p  2:it;l-i Flux  P i l e  C r i t i c a l  Asscmblies - --I-- 

C r i t i c s 1  Mass (kg} 1.94 2.94 2.95 

2 (poison)  (cmq 3G;s 1140 1%45 
z ( t o t a l )  (cmZ) 4423. 7390 l G 2  32 

x (pEle) (cm2 1 4118 F 2/10 8584 

As s emb L y No. 11.1 v 

€ inch  hole  on cdgc 1. 17 
6 inch hole i n  cen te r  2.20 
C inch  hole  i n  c e n t e r  4 493 

G inch  h o l e  on edgc 0.17 
E i n c h  ho1.e in c e n t e r  c. 54 
8 inch  hole i n  centSr2 C. 68 

Iioles extending t o  r eac to r  - water filled 

a. ot: 
@. 13 
c. 22 



"rJ.Ic 
It i s  i n t c r b s i i n g  t o  note  that the  e f f e c t  o f  t h e  holes de- 

cremes pzrccntugpwise as the th i ckness  of t h e  s l a b  is increased. 
This i s  expected on t h c o r c t i c a l  &rounds. 

? a b l e  IT1 conta ins  a sulfimayy o f  t h e  t o t a l  cos t  i n  Rk/k fop 
two a l t e rnn . t e  ' p rov i s ions  f o r  experimental  holes ,  'i'his t a b l e  shows 

the chm&e i n  Ak/k t h a t  would b e  expectei! i f  t h e  holes i n  t hese  t w e  
csse6- should be  f i l l e d  w i t h  water. An es t ima te  of  the cos t  of  the 
h b l @ ~  iil terms sf c r i t i c a l  mass CRII be ob ta ined  by use o f  .the ernpir- 
i c a l  rela. t ioa ~ ~ ~ ~ / M  2 4.5 &/k. E,07lliever, t h i s  r e l a t i o n  l e a d s  t o  a 

reasonakly accurg tc  r e s u l t  o n l y  i n  the  c83e of  f u e l  bhil added t o  t h e  
per iphery of  I c y l i n d r i c a l  core.  
geometry tiic: cos t  i n  c r i t i c a l  mas6 (&\,T) correspnndink t o  a g i v e n  fik 
will depcnd. sl i-ongly on "cht .  s t e t i s t i c a l  weight of .the p m i t i o n  a t  
which the  additional f u e l  is sddc;rl and t h e  f i g u r e  o b t a i n e d  f m m  4.5 
Ak/k is a r e a s o n a b l e  apyroaiisietion o n l y  for p o s i t i o n s  of average 
st st ist i c31  we ie ,h t .  

In the case of a rectangulnr 

Cost i n  hk/k of two E! inch  
? 6jp7 holes p l u s  f i v e  F inch  holes  9.332 5. r7z4 "... :o 

Cost i n  Ak/k of' seven s i x  inch  h o l e s  C,.A~:", 4.23% 2* 62% 

Effec t  it1 &/k of  water i ' i l l i n g  tt?ro 
8 i nch  ho le s  and f i v e  6 inch holes 2.14$ 0,34$ 0. 54% 



amw 
The e f f e c t  of p o s s i b l e  absorbers  ( expe r immta l  appara tns)  

in  the ho le s  on the excess k of  tile p i l e  has been s tud ied  by taking 
tbe. extreme case of a c u b i c l c  Cd box (.0;?Os7 Cd, 10 cni along an cdee) .  
'Ihe e f f e c t  of t h i s  r c l n t i v e l y  l a r g e  absorber  OIi  t he  k of  t hc  p i l e  
when i t  is  placed a t  var ious  p o s i t i o n s  i n  the iaolcs i s  shown in  
Ei&use 2* From t hese  mcrsiirenents it is  estim:?t?d t h y t  the ansxirnum 
excess k requircd t o  o f f s e t  thc  e f fec t  CI€ experimental apparatus i n  
the ho les  i s  1.5$). 

E'inal1.y t h e  excess k of t h e  3..95 kg mock-up o f  t h e  high 
f lux  r e a e t o r  has been measused, The c h s r a c t a r i s t i c s  of t h i s  mock- 
up include:  * (1) 8 COTC of dimsnsions 71x22.5srB6 ern, conta in ing  3.95 
kg of  U-225 i n  w a t s r  s a l u t i o n  a t  a concea l r a t ion  of 3 7 . 1  $rani; U 
per l i t e r  of p i l e ;  (2) A1/I120 (volumc) i n  t h e  care = 0.65; (13) a re- 
f l e c t o r  on a l l  s ides  c o n s i s t i n g  o f  30 cm of  Be plus  30 ern o f  

graph i t e ;  (4) no r e f l e c t o r  t o p  of  bottom; ( 5 )  1ncj.t:: d i s t r i b u t e d  
throughout the BE: t o  s imulate  2% i n  cooling, wat.au'; and ( 6 )  seven 6 

inch cx.periinentel  holes  throu5,h t h e  r e f l e c t o r  .?s prescr ibed  in t he  
design of  t h e  h ikh  f l u x  rcsc-tor.  The excess  k o f  t h i s  mock-.up 
assembly i s  found t o  be Ifj.O$ 
and bottom water r s f l e c t o r s  of t h e  hig,h f l u x  ciachine the t o t a l  
aveil.able ~ X C C S I  k i s  increased t o  akout 3CYj%%fbr t h i s  loeriisrg, 
Thersfore  it wppears ,that n comfortoble margin e x ~ g t z  over  t h e  t o t a l  
k r e y u i r m e n t s  whlcli zrc est imated t o  be AS fol lows:  

'Y!hsn allovmnce is  macle f o r  the to:, 

ke have mr,asurcd tiir: s p a t i a l  d i s - t r i b u t i w s  o f  themml. and 

w - 14- 





I 
cpithermal n c u t r s n  f l u x  i n  the 2-94 kg  p i l e ,  t h e  2.95 kg p i l e  and ia 
the v a r i o u s  experimental  hole^ of  t h e  mock-up assexrlbly as in-  
dicated i n  the l i s t i n g  bt:3.0w, These rmsurernents  were made w i t h  
indium f o i l s ,  used a l t e r n a t e l y  bare and cadmium covered 3.s describi:d. 
i n  p r e v i o u s  r e p o r t s ,  4, calibration of ou r  f o i l s  i n  t h e  stalidard 
(sigrns) p i l e  iribicates t h a t  t h e  absoli.xte f l u x  (nv} is obtained frorn 

t h e  measured s a t u r a t e d  c<c-Livitios shown i n  the at tached figures by 
the f d l o w i n g  re ia t  ions  : 

I\;eutr"on d i s t r i b u t i o n s  have  bcen  mzasured as fo l lows:  

(bJ Figure 4 - A I .a tera1 t r a v e r s e  a c m s s  t he  2.95 ksJ p i l e  ( a l o n g  
tiid sho r t  % x i s  of' t h e  s b b ,  at nid-heiGht). 

( c )  Figure 5 - :I se r i e s  of meesinamcnts d o n g  t i l e  cen te r  l i n e  o f  t h e  
s i x  inch ha le  which i s  l a c a t r d  a t  t h e  edge of  the  long s i d e  o f  
t h e  cole:  

(1) w i t h  s o l i d  rr-f'I.e<:tos i n  p l a c e ;  

( 2 )  w i t h  hole  extendin:; i n  t o  t h e  co re - r c f l cc to r  i n t s r f a c e ;  
and 

IhPst? curvep ?how tt:: depressions i n  the " so l id  r e f l e c t o r s 7  
n z i i t m n  d i s t r i b u t i o n s  csuseti by Lhc prcscnct- o f  a s ing le  
s i x  inch hole iii the reflector. 



-ref. 
( d )  Figures 6 through 8 show t h c  neutron d i s t r i b u t i o n s  Along ‘the 

axes of the  variqus experinisntal  holes t h a t  ,?re planned f o r  t h e  
high flux p i l e ,  ‘These measurements were mede w i t h  all seven 
6 i n c h  holes  (o r  equ iva len t )  i n  t he  r e f l e c t o r .  

Thcsc: figurss arc composite ciirvee; tlic o i - i t i na l  d q t a  w e r  
repor-tcd i n  Q H t G 5 1 .  T ~ P  conip1r:te curvsc  a.r> preseritcd h e m  
because it i s  b3liovcd t h t  they o f f e r  a b e t t e r  perspee t ivc  
o f  t h e  s p a t i a l  v a r i a t i o n  o f  thermal  nxld indium rcsonancc 
neut rons  i n  the high f lux  rc,,aetar. 

( f )  P i g u r c  K - ~hhe fast n e u t r o n  flux {?,>I m i v . )  a n d  t h e  indium 
~”csonance f ’hn ,  measured a long  a 1 ine  midway betwccn two o f  
t h ~  lzree experlimncH1 holes  t h r t  cxtcnd t h r o u g h  t h e  re f lec tor ,  

Y, Cum? Hcat Froduction in  t h e  Ref lec tor .  
_u_ “___q__ 

i n  tile h i r h  flux r c , ~ c t u r   ti:^ beryllium i s  wstcr-cooled arid 
th6re  i s  +lo concsrn r( garding tiic possibility of  ezcessive heat ing  
i n  this p o r t i o n  of  the  rcfl<scLor. I’m g r , j p h i t t ,  hawev-,r, i s  cooled 
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FIG. Vl i - IO  

4 KG FILE (71 x 22.5 x 66 CM) 
TRAVERSE TAKEN ALONG EDGE OF 

CENTER HOLE [IN FIRST INCH OF BE) 

CORE- '-----BE 

t 
0 

X 

> 
t= 

t 
.L 

A 

W 

5 

., - INDIUM RESONANCE FLUX 
e-- FAST NEUTRON FLUX (E> f MEW 

t-.WOLE BEGINS HERE s 

(tlV)th MAXtMA 

AT CENTER OF CORE 2.3 X 10 

fnvIth LT EDGE OF CURE = 3.6 x 105 

15 2 0  25 30 35 4u 
DISTANCE FROM CENTER LINE - C M  



only by c.ir and empirical i n f o m z t i o n  on tne hezt  production in graph- 
i t e  was d e s i r e d  t o  subs tan t iu tc .  theoset i c a l  c s l cu la t ions  which have 
been reported i n  l?km.P-272. In  the r e f l e c t o r ,  heat  product ion is 
prirne.rily f r o m  absorptim of  ?,anma rays. 
core of the rcactor, but  same zriscj from neutron c a p t u r e  i n  berySLium 
and i n  g raph i t e ,  

kost  o f  theza C O ~ S   fro^ the 

l'he earrms m y  5.bGorpt ion rneasu.rernents -+ere made in the 
rectsngular nss:cmbly havirig c o x  dimensions 7b.17x6F: cm. and loadsd 
t o  T.94 kC. of  f:~f:l. fdeaaurements were mndc in the corc arid in  
t k x  ref1l:ctor a lonc  E l i n e  perpendiculsr t c   ti?^ lone dimension of 
the roactor.  Tiirctc: i - r aph i t c  ion chambers teving volumes of sprrox- 
iriately I., 10 end ?OO CG., wjre ursd to covnr  t o e  ran&c. of & m e  
f lux cncounterld i n  z^;oin(. from thr, i n t i r i o r  of' the core throuah the 
Be r e f l e c t o r  and out  'trj t h e  cxlg,,e of the graphite p o r t i o n  of the  re- 
f ' l c c t u r .  I n  o rde r  t o  mininizc t h e  possibility of r n ~ ~ s u r i n g  icnization 
due t o  unforeseen neutron rciictiorLs i n  the gas of  t b e  ion chamber t h e  
r m ~ s u r e m m t s  were  taken w i t h  each o f  f o u r  fillinc gr?aes: air, argon, 
CO, and Hc. 

The dci.ta t a k m  wi1,lz t h c  a i r - f i l . l e d  chambbr have bean corrce-t- 
e ~ t  for ionizt>ition ;roiiuceci by P X T ~ G ~ S  from t h c  ( n , p )  r e a c t i o n  in 
ni t rngea ,  
0.62 R.ev,, pr.odvcir:& c p ~ w t o n  of 1,1 ern i*an[,r: i n  sir. L i m e  these 
d a t a  were teken w i t h  t h e  10 cc. sild 26C cc .  iori chanbers i t  w 3 s  
assume6 t h z t  t h e  PrTjction of pro tons  n o t  t r a v e r s i n g  tl-reir fQ11 p a t h  
in the  chamber is srna!.f. This  sssumptian probelly in t roduces  an 
er ror  of t h e  order 2G-.SO$ in the co r rec t ions  a p p l i e d  to t he  8ir 
ehunoer da t a .  Z'he p r o b a b l e  ~ r r o r s  In  til^ corrsctscl  d s t a  8 ~ e  of 
course srnaller. 'The dn t a  ob":ind from thi: C02 f i l l c c i  oh<m-ber, 
after c o r r e c t  i o n  f o r  d i  f f  ereiices id  elect mrL dens I t y ,  a r e  i n  
a~,rea+-~ent wi-tii t h o  cor rec ted  d a t u  f o r  :;ir (scz F'igure 1%). 

T h i s  is 9 t h e m o l  nautron r ene t inn  which i s  exothermic by 

In the cese of tix E.; f i l l i n @  en error is introduced i n  the 
i o n i z a t i o n  W ~ . S U I * ~  irz and n e a r  the oore of t k  rt,mtor, w k x r e  the 
f lux  of' fast. neutrons i s  rr; l3tively high, by r e c r ~ i l  He n u c l e i ,  1% is  
not f e a s i b l e  to calcul.*te c ~ ~ r s e c t i o n s  f o r  t h i s  s f f e e t  :ind in Figure 
12 YJC- show only fi La t s k e n  w i t h  the  he chnmb.jr 3 t  pchts  s u f f i c i e n t l y  



11155fi- d i s t a n t  frm the  care t h a t  t k e  f a s t  neutror: effecr,  is not appreciablt i .  
At the  %-gPapliite in terface the c n n t r i k u t i o n  from Fie r e c o i l s  is 
apparent ly  negligible and the  tie data, a f t e r  correction for e l e c t r  On 
denslTy, are in kood apw.ment w i t h  the resul ts  obta ined  w i t h  a i r  and 
COi?* 

The d a t a  nbtained inrith arcon in t he  chamber are not i n  
good a&rcement wi th  -those taken  wi tn  the  o ther  xbrm gases. 
t he  reasons fo r  to i s  disayreement sre not  known w i t h  c e r t a i n t y ,  i t  is 
probablh due ir: p a r t  t o  t h e  f a c t  %ha*, argon has a p p r e c i a b l y  nigher 
atomic number t han  Crapri i te  or* b e r y l l i u m  and therefore  does n n t  
s s t i s f y  the  3raeg-Gray c r i t e r i a  t o  the  same exten t  as do a i r ,  
and Ee, The argon r c s u l t s  have heen omi-tted from FiGure 12. 

:fldni3e 

CCE 

The :;bsoIute Scnizat ion  cu r ren t s  were measured oy means 
of 3 cn l ib ra t ed  potent ionieter  - electrnneter setup.  Figwe I;! 
shows t i l t  val!:s~ obta ined  from thr?sd measurenents f o r  t n e  tat81 ganine~ 
raj, ktmt ysoc iuc t im i n  t h e  t e ry l l i t an  hnd i n  tile g raph i t e  n f  the 
t,igh f lux  p i l e ,  assuring ~ rnaxiniim thermal neutron € 1 ~  of x LCP* 
i n  t h e  core. It eno@d perhaps t e  poin ted  out  t h a t  the calculation 
of t hece  results f r o m  t h e  measured q u m t  i t  i c s  requires a ncrmaliza- 
t i o n  factcir  of t ; ~ e  ol-der 10' to extenii  O U T  meacuserrects, taken a t  
a thermal flux of 1.6 3s 10 , t o  t he  C Y S ~  o f  t k e  h i E h  f l u x  p i l e  
operating ~ i i e  upper 
exper imenta l  cum" m s  teen normw'lized tc, a trierr 1 neut ron  f l u x  

5 

:it a thnrrrtal i'lux oi' 2 x 1014 i n  tric cQre. 

of  t hc  C O ~ C .  The dn-t-:lzs!i experimental  
eurvc 03s been nnr  
tbc, cif th2  c 

to  a t iLemal neutron fl.ux or' 2 x 1014 8.5 

shown 8s 13 d o t t e d  curve.  
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- 
e f fec t iveness  of c o n t r o l  rods of' various s i z e s  i n  the 4 k ~ m .  mock- 
lip of tht: kiigh f lux  reac tor .  ?'tie experiments a r e  performed in th:: 
i'olfowing why ;  the unif'oxm paison ia t h e  "clean" core (before  the 
control. rod is inser ted)  i s  ad jus t ed  u n t i l  the  nssemkly is  j u s t  
c r i t i c a l .  Thc con t ro l  rod is  inser ted nnd t h ~  amount of u r i i f o m l y  
d i s t r i b u t e d  poison i n  the cor2 is  reduced until trx ussenbly is 
aea in  j u s t  c r i t i c e l .  khen t he  r;xp.-rirnent involv5s  no cizi.,nf;e i n  
the mount o r  concentration of f u e l  in t h e  core ,  the pcrcent9ge 
crimge i n  k, (Ab/k), is  biven simply by a / x  where i s  the  change 
in  unifoLm p n i s o ~  and X is the  'ectal cross-sec t ion  of the F c t i v e  
portion af the  care a f t e r  t h e  rod is i n se r t ed .  i n  experiments wnick: 

entail t h ~  r m o v a l  of f u y l  ;ind the inser . t ion of a control rclyd, the 
k of the c l t i ~ ~  core (kl) i5 ca lcu ln t ed ,  .the k of  t h e  a c t i v e  pcrtion 
of th; core ~ f t c ; r  i n s e r t i o n  of the rod (kz) is c i l c u l a t e d  and &/k 

kl - k r  
is then ~ i v a n  d i rec t ly  by-------- . 

22 
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TEST POSITIONS OF LARE CD AND TH RODS 
IN THE CORE OF THE 4 KG MOCK-UP ASSEMBLY 



Cd rod a t  A 

Th I?od at A 4.2% 

- 34- 



since. the dcpress.ion i n  the  neut ron  d i z t r i b u t i n n  and the ss3yrmetry 
c.3uscd i n  the s t z t i s t i c s l  weight d i s t r i b u t i o n  .;re cons idzrakly  
g r e e t e r  i n  t h e  C E S C  of Cd. &LEQ, the  @ t a t i s t i c e l  nreiGht et 1: 
is reduccd by a small amotmt, due t o  t h e  presence of t h e  1arii;e 
experimental  hole  through the  end pei ' lector  on tne  A end of t h e  re- 
actor. 

In order  to determine the effectivenezs o f  c o n t m l  rods 
as ;t func t ion  of position ib -the reactor, a traverse was mada 
along the Line i rLdics t3d  by C-33 i n  3 ig ,  14 w i t h  oxie o f  our stendard 
~ , / 4  i nch  square Cd rods ,  I n  t h e  core  the rod replaces one f u e l  
t u b e  (iic crams o f  fuel) ttnd i n  t h e  r e f l e c t o r  the rod replzces P I 
i nch  x 1 inck: x 26 inch colutr! o f  Be. Fig. 15 shows the d a t a  ub- 
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mmr 
t o  e s t o b l i s h  a thermal f l u x  considcrably grc:.:atcr then- t h ~ t  2ttained 
a t  the m a x i m u m  of t h e  thermal d i s t r i b u t i o n  i n  t h e  re f lec tor  by re -  
p lac in3  +? f ~ e l  asserribly n e a r  the can te r  of the core of t he  high 
f l u x  p i l c  by 3 block of beryll ium. It  was reasoned that tine p i l e -  
up of  thermals  observed in the Be r&: f l ec to r  should take place from 
each s i d e  of' 'the 36, block and hence the f l u x  a t  t h e  ccn te r  cf the  
block should be  incremed Ly perhaps Swo or" th ree- fo ld  cver the 
maximum on any one s i d e  of the r e f l . s c . t ~ / ~ ~  Since such P b l o c k  
would require water-cooling if i n se r t ed  in  the high flux p i l e ,  t h e  
block inves t iga t ed  w8s m d e  up of Z i w k i  x 1 i n c h  Ec eolumns, 2 E  
inches long, separated by  118 inch s t r i p s  nf 1ueit.e. 'rhe rstiv of' 
Be to  l u c i t e  by volume WZS tJseref'nro 6/1, and this was estirna3x.d 
t o  be t h o  optimum m t i o  t o  grorluee t h e  pi le-up o f  thermalis a t  -the 
center  of t h e  b lock .  
%kit c e n t d r  of tne  b l o c k  by thc use of i rxl ium f o i l s  m d  Fie,,. 17 
c,'nows t h e  f i i s t r i b u t i o n  obtained,  compared to the therrrld distribution 
messurec! alone, t h e  s:3m l i c e  w i t h  t h c  5e b lock  n o t  p resent  i n  the 
core:. It, i s  peen t h a t  t k  ~:airz in  thoraalcs at t h e  center  of  tkii. 
block o w r  the  meximum i n  ?;hc reflector is not a p p r e c i a b l s  

T b t  thermal neut ron  f l u x  wc's rnaazured tfirough 

I 
.- 38- 




