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CALIBRATION OF THE 305 P IL E  FCR GRAPHITE TESTING 

SUMMARY
The m ethods of c a lib ra tin g  the  305 p ile  fo r  im p u ritie s  and density  d if fe r 

en ces  in g rap h ite  a re  review ed and ca lib ra tio n  constan ts a r e  calculated  theo
re tic a lly . The theoretic**.! im purity  ca lib ra tio n  a g re e s  w ith  th e  actual c a lib ra 

tions w ithin 15%. The th eo re tic a l d e n s ity  ca lib ra tio n  is  30% to  40% sm a lle r 
than the m e a su re d  values and i t  d isp la y s  a d ifferen t dependence on g raph ite  
c ro s s -s e c tio n  fro m  tha t which h as been  re p o rte d  p rev io u sly . The d iscrepancy  

in th is ca se  is  g re a t  enough to w a rra n t m ore  ex tensive c a lib ra tio n s . It is  

shown a lso  tha t th e  density  c a lib ra tio n  obtained  by p rev io u s  method.* may d iffer 
ap p reciab ly  fro m  the c o rrec tio n  to  be applied  to  n o rm al g ra p h ite  b a rs  under 
te s t  because  tho im p u rity  c ro s s -s e c tio n s  a r e  not p ro p e rly  accounted fo r.

The re la tio n  betw een re a c tiv ity  d iffe ren ces  in the 305 te s t s  and the k of 

the 105 p ile s  is ca lcu la ted  and found to  be

& ih (10S) ■ 1145, A f> + 432 (dlh)

w here dlh is tho 305 value c o rre c te d  fo r  density  d iffe ren ces  and 432 is  an 
av erag e  of the m e asu re d  ca lib ra tio n  c o n stan ts . T his fo rm u la  is  applied to the 
105-F and 105-H p ile s  and found to  p re d ic t  a  g re a te r  re a c tiv i ty  d ifference  be

tw een the two p ile s  than  was ac tu a lly  observed .

- - - - - - - - - - - - - - - - - - - - - - - - - - - L E G A L  N O T I C E  -------- - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
TKli '•p o r t  WH pro po rod a t an acco u n t o f  G ovam m .n l tponoorod work. N oilhor tho 

Uni tod S tato t. no» C om nitilon , nor any  p o n o n  o rtlnq  on hoKalf o* *ho Com m iuioni

A. Mofcot any warranty or roprotontotion, t i p m i  or impliod, oltfc rotpor ’ to tho a c 
cu ra cy , co m p l.lv nott, or utofulnoo* af tho inform ation contalnod in  th ii roport, or that tK. 
uto of a n y  information, appom tut, motfiod, or p roco tt d itd o to d  In th ii roport may not in*
frlngo p rivolo ly  ownod rig 'iit) or ^ 0 i

B. Aotumot any llabilltloo witfi rospoct to  tho uto of, or for domsgot moulting from A l  *  '
uto of a n y  information, opporatut, m othod, o r p roco tt ditcloood in tfiit roport.

At wood In tS t  ab o « t, " p o n o n  a c tin g  o n  b o  Kail of tho Conw tiulon" includot an y  am* ...
ployoo or contractor of tho Commit! Ion to  tho  a t  ton  I that iocH oapioyoa or contractor 
proporot, hand lo t o r d ittrihu tat, of p tov ido t oceoto to , any information punuont to  h it om - 
ptoym an 1 o r  co n trac t with tho C ooraittion . j



2 - HW-10901

THEORY
The lattice of the ?05 pile is represented in Figure l. The shaded square

Figure 1

C Metal Rods

s-'&K

rep resen ts a stringer of graphite which can be removed at will and replaced by 
graphite' to be tested for purity. The testing procedure is  to load two standard 
b a rs  into the center of the stringer, m easure the* pile reactivity, rep lace the 
standards by two bars to be tested, again m easure the pile reactivity; then 
take the* resulting change in reactivity (dih) as a m easure of the* quality of the 
two test bars.

The effect of foreign b a rs  inserted into th is stringer is to change the k 
of the surrounding lattice cells, thereby changing the pile reactivity. The de
tailed analysis of the effect on k of foreign bars in the position shown would be 
difficult to perform. If we assum e, however, that the foreign graphite is 
shared equally by the four adjacent lattice cells and is diffused homogeneously 
throughout the graphite of these cells, an approxim ate analysis can be made. 
As a  m atter of fact it becomes clear as the analysis proceeds that the sam e 
resu lt is obtained if the foreign graphite is contained solely in one of the ad
jacent lattice cells, all o thers remaining undisturbed. This is in accord 
with W heeler's "Principle of Equivalence" ^  and the analysis will be carried  
out on this basis. It is furtherm ore assumed that the presence of foreign 
graphite in the one cell does not effect the boundary conditions satisfied  by 
the neutron flux. This is not s tric tly  true but the difference is of the second 
o rder.

Wu consider now the effect on the k of a single lattice cell of changing 
the properties of thv. moderating graphite. The multiplication factor k is the

Cf these *\ and -product of four factors commonly designated f, p, V. , ^ 
depend only on the uranium in the cell leaving p and f dependant on the mod
e ra to r properties. Then for changes in the cell graphite alon*. _  ^  ^

{
i
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The resonance escape probability p is described by the formula^*^

p • c " ^ T, T •
N1 Vl

Sn Vo o o

<f si 5 i

[ f f c  dE/ £j  off

where the subscript "1" applies to graphite and "o" applies to uranium.

N ■ number of atoms per cc
V ■ volume of material per unit length of cell

d si ■ scattering cross-section of graphite
( j 3 average logarithmic energy loss for neutrons in graphite 
•

r .
• Q dE/Ei ■ effective cross-section for resonance capture in

uranium.

Form (2)

Ap * 1 AT ■ 1

p T T T N, Vt

t  y

'i vi - i  V*i vi)
T A V1

since any light element impurities will be present in such small quantities as 
not to change 6* j* and Nj Is proportional to graphite density J ^

The thermal utilization of the ceil is given by

K
W ><fl<

where ?  is the average flux in the material and S is the total absorption c ross- 
section for thermal neutrons per unit length of cell. The fractional change in 
f resulting from a change in the moderator is then

<♦)

X 7  d 3
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s in c e  /  Po is  in sen s itiv e  to sm all changes in  neutron c ro s s -s e c t io n .

The values of p and f  for the n o rm al la ttic e  a re  ap p ro x im ate ly  0 .868 and 
C, 904 r e s p e c t iv e ly ^ ,  so  1/T * 0.142, 1-f ■ 0. 096, and

- 0 .096

(5)

The p ile  volume o v e r  which th is  change o ccu rs  is two b a r s  long (11.3 lu) 
and the num ber of effec tive  cen tra l c e lls  fo r 305 weighted by ^  i s  1573 
T hen  if we take 1% k •  385 ih and assu m e the m ean sq u are  flux o v e r  the two 
b a r s  to  be equal to  th e  m axim um  sq u a re  flux , the above change in k produces 

a  re a c tiv ity  change of

LK * 276. b ak  * 0.0575 -1 6 5 .2  ASj ih (6)

w h ere  the following co n stan ts  have been u sed : k * 1 .0 7 ^ ,  ■ 456. 7 ^ \
P i  * 1.60, d iffusion  length  in 305 g ra p h ite  * 51 cm  sc a tte r in g  c ro s s -

sec tio n  in g raph ite  is  and ab so rp tio n  c ro s s -s e c tio n  is  4. 7 mb.

IMPURITY CALIBRATION
When the im p u rity  ca lib ra tio n  is  m ade th e  f i r s t  step is  to rem o v e  a 

volum e of the  n o rm a l g raphite  and re p la c e  it  by a volum e Vt of foreign  
g rap h ite . The volum e Vt is  the b a r  volum e m inus the volum e of th e  holes 

th a t have been drilluci in it. F o r  th is  change

v i ■ A  v t • Pi v h

■ <N« *  at * *1 Nlt * a lt>  Vt  '  <N1 L l  + \  NU **a ll)  Vh

* St * Slh

w here  Nj is the n u m b er of g raph ite  a to m s p e r  cc in the o rig in a l g raph ite  
Nt is  the n u m b er of g rap iu te  a to m s p e r  cc in the fo re ig n  g raph ite  
Njj is  the n u m b er of im purity  a to m s of c ro s s -s e c tio n  o p t r  cc 

in  th e  o rig inal g raph ite  and

2L ' * f  0
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Nif is the number of impurity atoms of c ro ss-sec tion  per cc in the 
foreign graphite*

y  I is tho density of the original graphite 
p  ̂  is the density of the foreign graphite
S,j, is the total absorption cross-section per unit length of the foreign bars 

is the total absorption cross-section per unit length of the orig inal 
graphite

The resulting change in reactiv ity  is

t  R * 0. 575 < / ,  V, - i \  Vh) • 165. 2 (St - S ^ ) (7)

As the next step an additional impurity of cross-section  Si per unit length 
is added to the test graphite and the change in reactivity  relative to the original 
is again computed,

4 H '  0.0575 ( f t  Vt - / ,  Vh) - 165. 2 (S( - 3,h + Sj)

The difference in reactivity  between the test graphite with holes and with im 
purities is  then

£ i h * A R » - A R « -  165. 2 Si (8)

In calibrating tho 305 pile it has been the custom to  express tho im purity ca l
ib ration  constant as the ra tio  of reactivity change to total impurity c ro ss  - 
section introduced into the two test bars. If we denote this total c ro ss  -section 
by S» and introduce it into (8) we have

A 4h « - 0. 678 SJ since the length of the two bars is 243. 5 cm. 

This com pares favorably with measured values

A i t  .  .  0.535 lh/cm Z <7). -  0. 588 lh/cm 2 *8)

This close agreement between tho calculated and observed calibration 
constant gives us confidence in both the impurity calibration and in its  in te r
pretation.

0 S
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DENSITY CAUPRAT1CN
The p ro c e d u re  (o r  th is  ca lib ra tio n  is  to take two s ta n d a rd  s i t e  te s t b a rs  

of high density  and o b serv e  the change in  p ile  reac tiv ity  a s  g rap h ite  is r e 

moved fro m  th e  b a r s  to  d e c re a se  th e i r  effective* density . F ro m  (6) and (?) 
the  change in p ile  re a c tiv ity  re su ltin g  fro m  on in c rease  £ V( p e r  unit length 
In the volume of the  te s t  b a rs  is

&  Ih * 0. 0575 9 x  £  V, - 165. 2 £. St ■ 0. 0575 (l - 0.144 ) /  J 4  Vj

• . 0575 (1 - 0.144 J  # l) Vt l  ! \ 6 . 5 U 1 - 0 . 1 U  ; r a t >4*r ' t (l1)

w here \ 'W
113,12 cc p e r  unit length

effec tive  in c re a se  in d en s ity  equivalent to  volum e in c rease  l. Vt

£ S.

o  at

■ <Nt -  a t + Nit ^a it>  *  V Nt *  Vt * 10

c m 2/  cm

effec tive  atom ic c ro s s - s e c t io n  of g rap h ite  in  m illib a r ns.

F o r 7 " at * 4. 7 and 4 .0  (0) becom es A ih •  2, i  A / ^ and 2. 76 a  ^  n  spec - 
tive ly . These* co n stan ts  a re  to be co m p ared  with 3, 72 and 3. 56 ih p e r g ram / 
cc obtained by W eil  ̂  ̂ and W est T he ag reem ent betw een tht.se ca lcu la ted  

and observed  v a lu es  is  not Very good. T he calcu lation  is  lo s s  a ccu ra te  than 
the previous one b ecau se  it depends on the d ifference betw een two te rm s , 

n e ither of w hich is  too well known, but ^ven taking th is  in to  account the d i s 
crepancy see m s too  la rg e .

It m ay be s ig n ifle an t that equation  (9) shows that the c a lib ra tio n  constant 

should in c re a se  a s  the  g raphite  p u rity  in c re a se s , w h ereas  W est observed  it 
to d e c rea se  T h is  d isc rep an cy  would seem  to justify  a new density  c a l ib ra 

tion.

GKAPH1TE TESTING
When co m p arin g  te s t b a rs  with s ta n d a rd s , th e re  a re  d iffe ren c es  in both 

density  and im p u rity  c ro s s -su c tio n . Then the d ifference  in re a c tiv ity  is

A ih  = 6.51 (l - 0 . 144<?~a j) - 165.2 A Sj (10)

2-9 0 £



1 HW-19901

The density  dependence of (10) is  d iffe ren t from  (9) in th a t the actual car*  
bon c ro s s -s e c tio n  a r epl aces  the e ffec tiv e  c ro s s -s e c tio n  The
d ifferen ce  in to ta l im p u rity  c ro s s  sec tio n  p e r  unit length betw een  the te s t  b a rs  
and the s tan d a rd s  is  denoted by l  S ..

The effect of changes in g raph ite  q u a lity  on k in the 105 p ile s  can be c a l 
cu lated  by the  m ethod which re su lted  in  equation (5),

—  . 0 .U 5  - 0.082k /> -s;—

, * /  ,
0  a t /  Ni a  a t

so  that

—  « (0 .125 - 0, 092
k

^ L )
r  «t

- 0. 092
N1 T * x ( H )

In te rm s  of the 305 m easu rem en ts  (10), th is  becom es ?
,2

—  * (0,125 - 0 .0 9 2  - ^ i - )  — r-  * 0.0130 (dih)
k T a t  /

A  )
w here (dih) is  the 305 l ih co rre c ted  fo r density  d ifferen ce  betw een standard  
and tost b a rs .

Then if the  d e n s ity  of the te s t b a r s  i s  the sam e as  the d en s ity  of the 105 
g raph ite , the  in c re a s e  in 105 pile re a c tiv i ty  co rresponding  to  a  given dih in 
305 is

K 3 526 (d ih ) inhours

o r  if the m easu red  im purity  ca lib ra tio n  constan t is used

//<

7

u  ti = 132 (d ih ) inhours (12)

In o rd e r  to  e s tim a te  the validity  of equation  (12) we com pu te  the  d ifference  
in reac tiv ity  th a t it p re d ic ts  K tw oen  F and H p ile s . F o r H p ile  (10), *9* * l. 669,

2-9 0 7
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(dih) * 0 .936 ; for F pile (dih) ■ 0 .1 9 ^ ^ . The cold  c lean  reac tiv ity  of F  a t 

s ta r tu p  w as estim ated  as  660 ± 5 ih that fo r H w as estim ated  at 850 ih^13*.

F ro m  (12) we get a p re d ic ted  value of 323 ih fo r  & J  » 0, 208 ih fo r
l. *  -0 .1 , taking n &1/  *™T' a | *  0.85 . No figure* for the density  of 
F • g rap h ite  is availab le , but it is  quite- c e r ta in  tha t j c. * j < 0 .1 . It 
a p p e a rs  then  that the effect of 305 dih on 105 k is  v e ry  se r io u s ly  o v e re s tim a te d  

by (12). T h is  may be* the re su lt  of the wrong d en sity  c o rre c tio n  being app lied  
to  the 305 d a ta , an e r r o r  in equation  (11), o r in a c c u ra te  evaluation of the co ld , 

c lean  r< ac tiv ity  of the two p ile s . It is  hoped that th e se  so u rces  of e r r o r  can 

be in v estig a ted  in the n«.ar fu tu re .

1. W h ee le r, C hapter 22 (P r in c ip le  of equ ivalence)
2. T P l-2 0 , " A : uan tita tiv e  Study of U ranium  - G raph ite  L a ttic e s ,"

EL A. Guggenheim and M. H. L. P ry ce .
3. C F -1136, "Loading fo r Hanford 305 F i l e ,"  H. L. A n d e rs * , 12-11-43.

1. J o e  13-203-A , "M em o. fceport 3 0 5 -P -l, 30b T e s t F ile  S ta r tu p ,•'
G. U  W eil, 5 -2 ^-4 4 .

5. H W -3798-T , page 18.
6. H W -3798-T , pa«je 114.
7. Doc 13-442, "C a lib ra tio n  of 305 l e s t  F i l e , "  C . L. Weil, 8 -5 -4 4 .
8. HW-B571, Monthly r e p o r t  for D ecem ber, 1947, J . W est.

9. H W -3703-T , page 53.
10. HW-13434 "G raphite  T es tin g  for H -P i le ,"  V. L . Redding. 5-17*49.
U . M onthly h e p o rt fo r F e b ru a ry  1948, J . W est - HW-0315,
12. HW -3-2104.

13. p r iv a te  C om m unication, G. C. F u llm er.

v , *1 i
* «.


