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SECTION A 

TECHNOLOGY OF THE SODIUM G R A P H I T E  REACTOR 
1. FULL-SCALE REACTOR STUDIES 

, 

A. Analys is  of Nuclear  P e r f o r m a n c e  (C.  Roder i ck )  

1. Plutonium Feedback  Fue l  Studies  - T o  invest igate  the appl icat ion of 

s teady  s ta te  plutonium feedback techniques to  the use  of diffusion plant ta i l s  for  

r e a c t o r  fuel feed m a t e r i a l ,  some  r- calculat ions for  this  s y s t e m  have be'en 

p e r f o r m e d .  

and uranium which is depleted to 0. 25 pe r  cent  in the U235 isotope (2-1./2 g r a m s  ' I !- 

of U235  p e r  k i logram U238) .  The va r i a t ion  i n  =act ivi ty  is  e s t i m a t e d ' b y  calculat- .  

ing the r a t i o  of the effective mult ipl icat ion a t  any exposure  to the effective mul t i -  

pl icat ion init ially;  i. e .  , 

-----I--___ \-- -------./ /------- 

.-.--&--------,.-.---- 3 ----___-..--.-.-._c_- 1 
The fuel  feed i s  cons idered  to be a mix tu re  of s teady  s ta te  plutonium . .  

' . 
I 

keff/k,rf 0 i 
i 
1 

2 2  ( 1 t L  B ) 

( l t L  B ) 
o g  
2 2  

g 

The  va lues  of 

la t t ice  and the concent ra t ion  of U238.  
in  any given in s t ance ,  and the U238 concent ra t ion  changes only sl ightly,  the a s -  

sumption is made  that Ep i s  independent of exposure .  

geomet r l ca l  buckling a r e  a l s o  independent of exposure .  

a r e a  will  change and t h e r e f o r e  the t h e r m a l  neut ron  leakage will  change.  

is pa r t i cu la r ly  significant in  the s m a l l e r  r e a c t o r s  and cannot be neglected.  

and p a r e  de t e rmined  by the geomet r i ca l  a r r a n g e m e n t  of the 

Since the geomet r i ca l  a r r a n g e m e n t  i s  fixed 

The  slowing down a r e a  and 

The t h e r m a l  diffusion 

. The effect  

F o r  

the l a r g e r  r e a c t o r s ,  the product  L2B i s  s m a l l  an,d the "co r rec t ion  fac tor  I' 

2 2  
t L B ) is e s sen t i a l ly  unity. 

g 
9 b 0 .- 833 

I 

- 

0 B 2 )  g 

c totdl 
a (+ +Ea total 

0 



3 

Typica l  reac t iv i ty  va r i a t ions  a r e  shown f o r  two c a s e s  in  F i g s .  1 through 6. . -  

N490 = 2 ;  the second c a s e  is fo r  The  f i r s t  c a s e  is for R = .  o = 0. 0025 and a = * N2 5 
5 

*2 8 N2  5 

R = 0. 0025 and CL = 3. 

2.  5 g rams  U /kg, 5 g r a m s  P ~ ~ ~ ~ / k g ,  3 g r a m s  and 1 g r a m  P u  /kg; 

f o r  the second c a s e  i t  is 2. 5 g r a m s  U 

and 1. 5 g r a m s  P u  

The ini t ia l  fue l  composi t ion fo r  the f i r s t  c a s e  i s  approximate1 
235 241 

235 /kg, 7. 5 g r a m s  P ~ ' 3 ~ / k g ,  4 .  5 g i a m s  
24 1 

/kg. 

The  cons t an t s  used  i n  these  ca lcu la t ions  a r e  fo r  2 0 "  C neu t rons  and a r e  as  
2 

follows: 

u ( 2 5 )  = 2 . 4 8  

r a (25 )  = 6 8 0  b 

u (49 )  = 2 .  91 

~ ~ ( 4 9 )  = 1065 b a 

u (41)  = 3 .  00  

u ( 4 1 ) =  1480 b 

(49 )  = 745 b 

(40 )  = 530 b 

c f (41 )  = 1080 b f 

a 
u ( 2 8 )  = 2. 77 b 
a 

B. Ful l -Sca le  Sodium-Graphi te  P o w e r  P lan t  (R.  Balen t )  
4 

h 

The  fu l l - sca l e  sodium graphi te  power plant s tudy  du r ing  the pas t  q u a r t e r  
F----- 

h a s  been conce rned  p r imar i ly .wi th  the ana lys i s  and des ign  of a plant which would 

involve the l e a s t  amoun t  of ex t rapola t ion  f r o m  the Sodium -Graphi te  Exper imen t .  
c--------- ----...., .------ 11,1-~1 

It a p p e a r s  that  a twin-core  plant uti l izing e s sen t i a l ly  a l l  of SRE technology could 
T 

------%e- 

F be des igned  and cons t ruc t ed  ifi the n e a r  fu ture .  The des ign  is to  be flexible s o  

that i t  m a y  take advantage of a number  of ant ic ipated i m p r o v e m e n t s  in  r e a c t o r  

fue ls ,  that  is ,  as new fuel e l emen t s  a r e  tes ted  and proven  in  the SRE they m a y  be 

inco rpora t ed  in to  the twin-core  plant with a co r re spond ing  i n c r e a s e  i n  the plant 

pe r fo rmance .  

of the r e a c t o r  s y s t e m ,  but only the use  of improved  fuel e l e m e n t s  and the addi t ion 

of s t anda rd  units of hea t  exchange r s ,  s t e a m  g e n e r a t o r s ,  pumps ,  and turbo-  

g e n e r a t o r s .  

The  i n c r e a s e  i n  power ra t ing  wil l  not r e q u i r e  m a j o r  modif icat ion 

. 
- 

? 

T h e  twin-core  plant could o p e r a t e  ini t ia l ly  with s l ight ly  en r i ched  u ran ium 

fuel e l e m e n t s  and produce  weapons g rade  plutonium along k i t h  e l e c t r i c a l  power.  

At a l a t e r  da t e  the fuel a s s e m b l i e s  could be changed to  improved  u ran ium a s s e m b l i e s  

o r  thor ium a s s e m b l i e s  and ope ra t e  as  a "power only" plant.  

1 %  

T h e  _-_ E e r f o r m a n c e  -- of the twin-core  plant when opera ted  =a plutonium plus  

It should be noted that the power and as  a power only plant is given in Table  I. 
v_ 



I .08 

Q, 

I .04 

IC- 
IC- 

x x  @ 0.96 
U 

I .oo 

I- 0 

0.92 

0.88 

0.84 

Bp' --------,---- 3 X  
1 0- 

-PARAMETERS 
LATTICE] SPACING,inches 
GEOMETRICAL 8UCKLl NG CM'* 

4 8 12 16 20 24 20 

E (rnwd/kg) 
F i g .  1 .  Reactivity Changes v s  Specific Energy ,  'CY = 2 .  0 0  - 
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TABLE I 

TWIN CORE SODIUM-GRAPHITE REACTOR POWER PLANT G2 

. \  

- 
D e s i g n. D e s i gnat i on 

C o r e  Dimensions Height x D i a m e t e r  

T r i a n g u l a r  La t t ice  Spacing (in. ) 

N.umber of R e a c t o r  C o r e s  

Type of F u e l  

( f t )  

Number  of Rods p e r  Ghannel 

Number  of Loaded Coolant Channels 

i 
n 

Maximum C e n t e r  T e m p e r a t u r e  of 
F u e l  Rods ( "  F)  

Plant  T h e r m a l  P o w e r  (Mw) 

Sodium Outlet T e m p e r a t u r e  (OF) 
F u e l  E n r i c h m e n t  (Atom 70) 
F u e l  Investment  p e r  C o r e  ( tons)  

.Fissionable M a s s  p e r  C o r e  (kg)  

Convers ion  Rat io  

U F e e d  Rate for  Weapons G r a d e  
P u t  ( tons /yr )  

Pu  Product ion Rate?  (kg/yr )  

S team T e m p e r a t u r e  ( "  F )  

Steam P r e s s u r e  ( p s i g )  

E l e c t r i c  'Power  (Mw) 

Twin C o r e  Plutonium 
P l u s  Power  SGR 

l o x  11 

9 

2 
235 u238 plus u 

19 

184 '. 

1200 

650 

92 0 

2 . 2 5  

23 

470 . 
0. 81 

132 

155 

82 0 

800 

200 

- . .  * l %  e x c e s s  k ,  which yields 10 ,  O O G  rnwd/ton , 

Twin Core  P o w e r  
Only SGR . 

l o x  11. '  . 

9 
2 

T h o r i u m  
233 plus u 

7 ,  
184 . 

1950 

' 1000 

1090 

2 . 7 0 +  

14 ._ 8 

3 4 5  

0. 87 

9 5 0  

1250 

333 

t80yo plant f a c t o r  

plant c h a r a c t e r i s t i c s  shown a r e  those a p p r o p r i a t e  to  opt imum p e r f o r m a n c e  f o r  the 

two d i f f e r e n t  object ives  shown. F o r  example ,  i f  the U 238 - U235 des ign  had been 

opt imized f o r  ini t ia l  power -only operat ion,  the fuel e n r i c h m e n t  r e q u i r e d  is 1. 6 

p e r  cent ,  r a t h e r  than 2 . 2 5  p e r  cent .  

5 



b 

The gene ra l  a r r a n g e m e n t  of the r e a c t o r  fo r  the twin-core  plant i s  shown in  

The r e a c t o r s  a r e  s i m i l a r  to  the SRE in that t h e i a r e  of the tank type F ig .  7. 

using hexagonal canned graphi te  modera to r  e l emen t s  and a rotat ing upper shield.  
9 .  

The ove r -a l l  plant layout , i s  shown i n  F i g s .  8 and 9 ,  and coolant s y s t e m  layout i s  

shown in F ig .  10. The  use of two c o r e s  r a t h e r  than one l a rge  r e a c t o r  r e s u l t s  in  

a plant with a higher  availabil i ty.  

during fuel loading and unloading opera t ions  o r  a t  t i m e s  of low power demand.  

Each  r e a c t o r  will  have i t s  own con t ro l s ,  piping, pumps, and heat  exchangers  s o  

that i t  can opera te  independently of the o ther ;  however ,  the s a m e  building, load-  

ing and unloading mechan i sm,  and fuel s to rage  faci l i t ies  will  s e r v e  both r e a c t o r s .  

5 

The plant can be opera ted  t o  50 p e r  cent  r a t ing  

J 
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II. REACTOR PHYSICS 
e - - A. Determina t ion  of Power  and T e m p e r a t u r e  Coefficient of Reactivity I 

(G. W. Rodeback) 

The e s s e n t i a l  f ea tu re s  of the appara tus  to m e a s u r e  the t e m p e r a t u r e  c o e f -  

f ic ien t  of the e f fec t ive  resonance  in tegra l  of U238 w e r e  desc r ibed  in de ta i l  in the 

previous p r o g r e s s  r e p o r t  (NAA-SR- 1049). 

by compar ing  the act ivat ion of U238 foils (highly depleted in  U235) which have been 

The t e m p e r a t u r e  coefficient is m e a s u r e d  

3 

I 

i r r a d i a t e d  a t  va r ious  elevated t empera tu res .  

thin s e c t o r  shaped depleted foil i n  the cen t r a l  d i a m e t r a l  plane of a s h o r t  s lug  of 

n o r m a l  uran ium.  The  e n t i r e  s lug i s  heated by means  of a small concent r ica l ly  

mounted hea te r  and the whole a s s e m b l y  is mounted concent r ica l ly  in an  evacuated 

a luminum capsule .  The l a t t e r  is a water-cooled cy l inder  l ined with cadmium and 

a thin inside plating of ch romium.  

This  i s  accomplished by placing a 

Ar rangemen t s  have been made  to  use the faci l i t ies  of the SUP0 r e a c t o r  a t  , 

Los Alamos for  the i r r ad ia t ions .  

provide a quick disconnect ion of the s lug f rom the capsule .  The equipment i s  

under  cons t ruc t ion  and l abora to ry  t e s t s  of the components  and p rocedures  a r e  

underway in p repa ra t ion  fo r  the activation m e a s u r e m e n t s .  

B. 

The or iginal  des ign  has  been modified s o  as to  

Therma1,Neutron Flux Distr ibut ion Measuremen t s  in  Fuel  E lemen t s  

1. Six Rod F u e l  C lus t e r  ( E .  Ma'rtin, B. A. Engholm) - Measuremen t s  of 

the thermal neutron flux d is t r ibu t ion  within a c l u s t e r  of seven  u ran ium rods  w e r e  

desc r ibed  in the previous q u a r t e r l y  r e p o r t .  

purpose  of providing a check  on the calculat ional  p rocedure  used to  obtain the 

theore t ica l  f lux d is t r ibu t ion  within seven- rod  fuel a s sembl i e s .  The  uranium rods  

T h e s e  m e a s u r e m e n t s  w e r e  for  the 

2 3 5  which w e r e  used w e r e  one inch in  d i a m e t e r  and had a U content of 0.9 p e r  cent.  

They w e r e  contained in  a 9. 86 cen t ime te r  d i a m e t e r  a luminum cyl inder  with seven  

holes  d r i l l ed  lengthwise in it. 

The  m e a s u r e m e n t s  showed that the a v e r a g e  flux in the c e n t r a l  rod w a s  only 

* about 60 pe r  cent  that of the a v e r a g e  flux in  any of the other  rods.  

compara t ive ly  low flux observed  in the c e n t r a l  rod ,  additional m e a s u r e m e n t s  w e r e  

m a d e  to  d e t e r m i n e  the effect  of replacing the cen t r a l  u ran ium rod by a one-inch 

d i a m e t e r  graphi te ,  rod. 

m o s t  r e s p e c t s  s i m i l a r  to  those employed for  the seven-rod  c l u s t e r ,  however ,  the 

Because  of the 

The exper imenta l  de ta i l s  for  the s ix - rod  c l u s t e r  w e r e  i n  

2 1  

. 



subst i tut ion of dysp ros ium oxide fo i l s  f o r  lead-indium foils e l iminated the need fo r  

cadmium covered  m e a s u r e m e n t s .  

A compar i son  of the t h e r m a l  f l u x  along a rad ius  of the six-, and seven-rod  

c l u s t e r s  is shown i n  F ig .  11. 

c l u s t e r s  is s u m m a r i z e d  in Table  11. 

the assumpt ion  that foi ls  placed in the buffer la t t ice ,  r emote  f r o m  the c l u s t e r ,  

would be re la t ive ly  unaffected by the change in  the cen t r a l  rod .  

shown in the table r e p r e s e n t  the ave rage  flux for  all r o d s  of the c l u s t e r  normal ized  

t o  the su r face  of the c l u s t e r .  

The r e s u l t s  of the measur ,ements  f o r  the two 

The co r re l a t ion  of the da ta  was  based upon 

The l a s t  n u m b e r s  

If these  f l u x  va lues  a r e  multiplied by the r e spec t ive  

number  of uran ium r o d s  in the c l u s t e r ,  the r e su l t  i s  3 .  3 f o r  the six- and 3 .  5 for 

the seven-rod  c lus t e r .  If a fu r the r  co r rec t ion  is m a d e  f o r  the fac t  that  the o v e r -  

all f lux  i s  l e s s  d e p r e s s e d  by the s ix - rod  c l u s t e r  ( the flux a t  the c l u s t e r  s u r f a c e  is '  

somewhat  h igher  for  the s ix- rod  c l u s t e r ) ,  the compar i son  is m o r e  l ike 3. 4 to  3.'5. 

It is c l e a r  that the ove r -a l l  absorpt ion of the c l u s t e r  h a s  been only sl ight ly  

This  i s  r easonab le ,  s ince  a t h e r m a l  affected by the r e m o v a l p f  the cen t r a l  rod. 

neut ron  which r e a c h e s  the cen t r a l  g raphi te  rod is v e r y  l ikely t o  be captured  by a n  

ou te r  rod before  i t  c a n  leave  the c lus t e r .  

neutron absorp t ion  by the outside rods  in the s ix - rod  c lus t e r  takes  place p redomi -  

It i s  worth noting that the additional 

,.I nantly a t  the inner  port ions of the rods .  * ' I  

\ 

2 .  Hollow F u e l  E lemen t s  (D. H. Mar t in )  - T h e r m a l  neut ron  f l u x  d i s t r ibu -  

tion m e a s u r e m e n t s  have been made  i n  a hollow rod of na tura l 'u ran ium.  I D imen-  

s ions  of the rod w e r e  2 .  420 inches outside d i a m e t e r  and 1. 389 inches inside d i -  

a m e t e r  which is  approximate ly  the d imens ions  of the hollow slug which could be 

used to  r e p l a c e  the seven-rod  fuel c l u s t e r  of the SRE. 

w e r e  m a d e  with the hollow fue l  e lement  positioned at  the cen te r  of a buffer la t t ice  

of enr iched  uranium rods  in  the D 0 tank which is the s a m e  a r r angemen t  used for 

the six- and seven-rod  fuel c l u s t e r s .  An aluminum rod  was used to fi l l  the s p a c e  

insidc the fue l  e lement  and m o c k  up the sodium coolant which would be p r e s e n t  i f  

the e l e m e r t  w e r e  co.oled internal ly .  

The  flux m e a s u r e m e n t s  

2 

Resul t s  of the flux m e a s u r e m e n t s  are shown i n  F ig .  12. 
the flux was  observed  a t  the c e n t e r  of the ,aluminum rod.- The disadvantage fac tor ,  

o r  r a t i o  of f lux  a t  the outside s u r f a c e  of the rod to a v e r a g e  f lux  in the uran ium,  

was  found to  be 1. 34.  F o r  a sol id  uran ium rod  with the s a m e  outs ide d i ame te r ,  

the disadvantage f ac to r  obtained by extrapolat ion f r o m  o the r  da t a  w a s  e s t ima ted  

A sl ight  peak  in 

to  be 1. 6 2 .  

22 



- 
6 U Rods 

Outside Uranium Rods 

Average  flux ove r  rod su r face  

Average  flux in  rod  

7 U Rods 

L C  

Cent ra l  Uranium .Rod 

Average  flux i n  c e n t r a l  rod 

. ' Average  f lux- in  outside rods  

All Uranium Rods 

Average  flux i n  u ran ium rods  

A v e r a g e ' f l A  over  c l u s t e r  su r f ace  

Average f lux over  c l u s t e r  s u r f a c e  

Average  flux in rod 

. -  0. 63 

1 . 9 3  1 .72  - -= 0. 55 - - 0. 5 0  
3. 50 3 .43  

2.  36 -= 1 .22  
1 . 9 3  

3. 50 

1 . 9 3  
-= 1. 81+ 

1. 1.9 

1. 88 

C. Nuclear  P a r a m e t e r s  of Sodium-Graphi te  La t t ices ,  Thor ium-Uran ium F u e l  A 

(W. J. Houghton) 

The  m o s t  economical  fu l l - sca le  sodium graphi te  r e a c t o r  is 'believed to  be 
I 

6 

one which ope ra t e s  on the Th-U233 b r e e d e r  cycle .  However ,  t he re  is a p rob lem 

' in gett ing the r e a c t o r  s t a r t e d  s ince  l a r g e  quant i t les  of U233 a r e  not available. The 

presen t ly  favored method cons i s t s  of loading the' r e a c t o r  with Th-U235 (highly 

en r i ched)  alloy. With p rope r  design,  the U235 is then conver ted  into U233 and * 

breeding becomes  establ ished.  Since the re  a r e  no expe r imen ta l  da t a  avai lable  on 

he terogeneous  l a t t i ce s  using t h 0 r i ~ m - U ~ ~ ~  al loy fue l  e l emen t s ,  i t  is planned to do  ,, 

exponential  expe r imen t s  to  provide the d e s i r e d  information on the nuc lear  pa ra - .  

m e t e r s  of t hese  s t a r t  -up la t t ices .  

i n t e r e s t  i n  this  expe r imen ta l  work  was  de t e rmined  by cons ider ing  the c o s t  of 

power as a function of la t t ice  spacing.  

viously r epor t ed  c o s t  calculat ion so  that a definite min imum c o s t  w a s  found. 

The  b a s i s  of the c o s t  calculat ion was a 1000 megawatt  sodium-graphi te  

b r e e d e r  r e a c t o r  which s t a r t s  up on t h 0 r i ~ m - U ~ ~ ~  alloy. The fuel rods are  i n  the. 

5 s  

\ 

- 
The range  of p a r a m e t e r s  which would be of 

Calculat ions w e r e  m a d e  extending a p r e -  
2 

23 
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Fig. 11. T h e r m a l  F lux  Through the Seven-Rod and Six-Rod 
(Graphi te  C e n t e r )  C l u s t e r s  
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f o r m  of seven- rod  c l u s t e r s .  A peak fuel t empera tu re  of 1800" F was a s s u m e d  and 

the p rocess ing  of t h e ' c o r e  was  a s s u m e d  to  be done in  a batch p r o c e s s  with r emova l  

of fission products  only. 

The r e a c t o r  c o r e  s t r u c t u r e  and f u e l  cladding was  a s s u m e d  to be z i rconium.  

' 

A net power convers ion  efficiency of 32 p e r  cent  was  used'. 

F i g u r e  13 shows the calculated power c o s t  a s  a function of la t t ice  spacing. 

An opt imum s q u a r e  la t t ice  spacing between 8 and 9 inches was obtained. 

of all c h a r g e s  except  that  f o r  U235 inves tment  makes  up about 80  p e r  cent  of the 

power c o s t  and these  c h a r g e s  i n c r e a s e  only gradual ly  with la t t ice  spacing. The 

rise i n  c o s t  for  the s m a l l e r  la t t i ce  spacings i s  caused  by the inves tment  cha rge  

on the l a r g e r  amount  of U235 needed to make the r e a c t o r  c r i t i ca l .  

va lue  of the power cos t  is based upon p resen t  e s t i m a t e s  of cons t ruc t ion  c o s t s  and 

operat ing pe r fo rmance ;  the pr inc ipa l  purpose of this  s tudy was to locate  the a p -  

proximate  posi t ion of the minimum,  . r a the r  than i t s  absolute  value.  

The s u m  

The absolute  

. SQUARE LATTICE SPACING (inches) 

Fig. 13. 'Power  c o s t  for  1000 Mw SGR Th-U 233 

B r e e d e r  Which S t a r t s  Up on Th-U235 Alloy 

D. Neutron Leakage Through SRE Shield (F. L. F i l l m o r e )  . 

A method of calculat ing the f lux in a r e a c t o r  shield was  desc r ibed  i n  the 

l a s t  p r o g r e s s  r epor t .  Six-group calculat ions have now been completed fo r  the 

rad ia l  and top sh ie lds  of the SRE. 
geneous reg ions ,  i t  was  n e c e s s a r y  to proceed  s tepwise  through the shield taking 

two regions a t  a t ime.  

Since each  shield cons i s t s  of s e v e r a l  homo-  

In each  two-region problem,  the thickness  of the reg ion  

26 



n e a r e s t  the c o r e  is taken to  be that dctually occur r ing  in the r e a c t o r  s t r u c t u r e  

while the second region is taken to be of infinite thickness.  

p roblem cons i s t s  of the re f lec tor  and the next m a t e r i a l  outside the re f lec tor .  

the top shield this  is sodium,  and fo r  the s ide  shield i t  i s  i ron .  

condition a t  the en t r ance  to  the r e f l ec to r  i s  taken to  be the f l u x  a t  the c o r e - r e -  

f lec tor  i n t e r f a c e  as was  ,obtained f rom a two-region c r i t i ca l i t y  problem.  

boQndary conditions a r e  continuity of flux and c u r r e n t  a t  the in te r face  between the 

two regions and vanishing of the flux a t  infinity. 

the c u r r e n t  a t  the in te r face  between the two reg ions  i s  found which i s  then used 

a s  the boundary condition a t  the en t r ance  to  the f i r s t  region in the next two-region 

problem.  

regions of a r e a c t o r  does not appreciably a l t e r  the conditions r equ i r ed  for  c r i t i -  

ca l i ty ,  and hence the neutron c u r r e n t  a t  a boundary inside the modified reg ion  

T h e ' f i r s t  two-region 
5 F o r  

c 

The boundary 

The o ther  

This  problem i s  now solved and 

The  physical  bas i s  for  this  choice i s  that  modification of the shield 

c s  

& 
3 

cannot be g rea t ly  a l t e r ed  by such  changes.  

I The next two-region problem has  a s  i t s  f i r s t  region the m a t e r i a l  which ma'de 

up the infinite reg ion  of the preceding problem.  

that  actual ly  occur r ing  in the r eac to r  s t r u c t u r e .  

is infinite and ' cons i s t s  of the m a t e r i a l  which l i e s  just  outside the former-  m a t e r i a l  

i n  the r e a c t o r .  

c u r r e n t  which was fou'nd in the preceding problem. 

a r e  the s a m e  as before.  

face between the two reg ions  is found. 

The  thickness  of ' th i s  m a t e r i a l  is 

The second region of th i s  problem 

The  boundary condition a t  the en t r ance  to  the f i r s t  reg ion  i s  the 

The o ther  boundary conditions 

This  problem i s  now solved and the c u r r e n t  a t  the i n t e r -  

One proceeds- in  this  manner  until the problem consis t ing of the l a s t  two 
m a t e r i a l s  on the outs ide of the shield is solved. 

of the final region will  not be r ep resen ted  v e r y  wel l  by the c u r v e s  appropr i a t e  to  

the infinite ou te r  region. 

problem with the f lux  vanishing a t  the outer  su r f ace  of the shield.  

condition a t  the en t r ance  to  this  region i s  the c u r r e n t  which'was found in  the p r e -  

ceding problem.  

The flux n e a r  the o ther  boundary 

Hence, the f inal  s t e p  i s  to now solve a one- reg ion  

The boundary 

The  r ad ia l  geomet ry  was  a s s u m e d  to  cons is t  of t h ree  homogeneous regions' , 

exclusive of the c o r e ,  namely  r e f l e c t o r ,  i r o n  t h e r m a l  shield,  and o rd ina ry  con-  

c r e t e  biological shield.  Hence, two two-region p rob lems  and a one- reg ion  problem 

w e r e  requi red .  

four  homogeneous regions exclusive of the c o r e ,  namely re f Iec tor ,  sodium res -  

e r v o i r ,  i r o n  thermal .  shield,  and magnet i te  conc re t e  biological shield.  

The axial  geomet ry  above the r e a c t o r  w a s  a s s u m e d  to  cons i s t  of ,. 

Hence, 

2 7  
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t h r e e  two-region p rob lems  and a one-region problem w e r e  r equ i r ed .  

of neut ron  s t r e a m i n g  through duc t s  w a s  not cons idered  n o r  w e r e  thin l a y e r s  of 

m a t e r i a l  which had negligible effect  on the at tenuat ion of neut rons  considered.  

The  effect  Q 
c 

Average  values  f o r  the operat ing t e m p e r a t u r e s  of the var ious  m a t e r i a l s  w e r e  

e s t ima ted .  

i n  view of th i s  and the o t h e r  f a c t o r s  which w e r e  neglected,  the r e s u l t s  of th i s  s tudy 

m u s t  be c o r r e c t e d  in  o r d e r  to apply to  the p r e s e n t  SRE de'sign. However ,  the 

c u r v e s  p re sen ted  h e r e i n  c a n  be used as  a s t a r t i n g  point for  the SRE sh ie ld  des ign .  

Recent  des ign  changes have modified s o m e  of t hese  t e m p e r a t u r e s ,  s o  
I 

e 
The s ix -g roup  constants  fo r  each  m a t e r i a l  which w e r e  used in the ca l cu la -  

F i g u r e s  14 and 1 5  show the axial and r a d i a l  f luxes ,  t ions a r e  l i s t ed  in Table  111. 

respect ively.  
0 

The r ad ia l  f lux h a s  been c o r r e c t e d  to cy l ind r i ca l  g e o m e t r y  by m u l t i -  

plying the calculated flux byz/R/x,  where  K i s  the c o r e  r ad ius  and x is the d i s t ance  

f r o m  the r e a c t o r  axis. 

I t  w i l l  be noted that  the f luxes a r e  discontinuous a t  the boundar ies ,  but t h e s e  

d iscont inui t ies  a r e  smal l  i n  m o s t  c a s e s  ( e spec ia l ly  fo r  the  t h e r m a l  f lux)  s o  t he i r  

effect  is re la t ive ly  unimportant  in  a n  ana lys i s  of sh ie ld  pe r fo rmance .  The  flux 

d iscont inui t ies  appea r  because  of the way i n  which the problem. w a s  formula ted ,  

name ly  the r equ i r emen t  of continuity of c u r r e n t  a t  a l l  boundaries  i n  the shield.  

The  r equ i r emen t  of continuity of flux would ove rde te rmine  the problem,  s o  th i s  

r equ i r emen t  w a s  dropped.  Physical ly  the flux is continuous,  of c o u r s e ,  s o  the  

absence  of s e r i o u s  jumps  in  the calculated f luxes  m a y  be i n t e r p r e t e d  to m e a n  

that  the method chosen  was  a sa t i s f ac to ry -one .  

' 

Another i n t e re s t ing  f e a t u r e  shown by the c u r v e s  is  the d i p  of the t h e r m a l  

flux in  the i r o n  region and i t s  peaking i n  the c o n c r e t e  region. 

pected s ince  the i r o n  i s  a be t t e r  a b s o r b e r  of t he rma l  neutrons and a poore r  m o d e r -  

a t o r  of f a s t  neutrons than is the conc re t e .  

This  is to  be e x -  

T h i s  f ea tu re  would not be brought out 

by  a calculat ion based only on f a s t  neut ron  r emova l  c r o s s  sec t ions .  

The  attenuation of neut rons  by s l a b s  of i ron ,  .magnetite c o n c r e t e ,  and 

o r d i n a r y  c o n c r e t e  h a s  been measu red .  

above m a t e r i a l s  which w e r e  approximate ly  5 fee t  s q u a r e  upon the 23-inch thick 

graphi te  r e f l ec to r  of the W B N S  and obse rve  :he act ivi ty  induced i n  ind.ium foils 

(cadmium covered  and b a r e )  d i s t r ibu ted  a t  var ious  d i s t ances  within the s l a b s  of 

m a t e r i a l s .  

foliowed by ord ina ry  and magnetir.e c o n c r e t e ,  atxi 6 i n c h e s  ,,f iron followed by 

The  procedure  was  t o  place s l a b s  of the 

Measuremen t s  w e r e  made  on 6 inches  of i ron ,  2 inches  of i r o n  

-, 79 



c 
-g? r-, 
w 
m, 
CD 

X (cm) 
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F lux  at Center  of C o r e  
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ord ina ry  conc re t e ,  The activity of foils placed in magnet i te  conc re t e  proceeded 

by 6 inches  of i r o n  would have been too low to give re l iab le  resu l t s ,  s o  this c a s e  
‘i 

a was not studied. 

The m e a s u r e d  at tenuat ion cons tan ts  H) w e r e  obtained by fitting a s imple  

. .. 

exponential  to the observed  da ta  and co r rec t ing  the r e s u l t  for  the finite t r a n s v e r s e  

geometry .  Two va lues  w e r e  obtained for i ron,  namely ,  those for neutrons above 

and below the cadmium cutoff. 

)(-thermal a n d x  - in t e rmed ia t e  in Table  IV. 

pe r imen ta l  and ca lcu la ted  va lues  of fl  - t h e r m a l  can probably be explained by the 

well-known phenomenon of neutron hardening in an  abso rb ing  medium and a l s o  a n  

incomplete  the rma l i za t ion  of neut rons  by the 28-inch graphi te  r e f l ec to r .  . A neutron 

tem’pera ture  of about 150”  C would bring these  va lues  into c l o s e  a g r e e m e n t .  

uncertainty in  the t h e r m a l  s c a t t e r i n g  c r o s s  sec t ion  for ’iron (1 1 +_ 1 b a r n s )  l eads  

to about a 5 p e r  cent  uncertainty in the calculated value ofdq- thermal  s o  only 

about half of the d i sc repancy  need be a t t r ibu ted  to the f i r s t  two effects .  

T h e s e  a r e  compared  to ca lcu la ted  va lues  of 

The d i sc repancy  between the ex -  

The  

It was  found that the t h e r m a l  and ep i - cadmium neutron f luxes in the con-  

c r e t e  w e r e  both at tenuated by the s a m e  fac to r s .  The explanat ion for  this is. that 

neut rons  of a l l  e n e r g i e s  a r r i v i n g  a t  a point deep  in a m i t e r i a l  which contains  

much hydrogen m u s t  n e c e s s a r i l y  have penet ra ted  to this point a s  fas t  neut rons .  

They  r e m a i n  fast until a head-on  co l l i s ion  with hydrogen is  made  which t h e r -  

m a l i z e s  them,  then they a r e  quickly absorbed .  Consequently,  only the fas t  neut ron  

at tenuat ion cons tan t  is m e a s u r e d  by this method. 

between the expe r imen ta l  and calculated va lues  of 9 - f a s t  for magnet i te  conc re t e .  

The exac t  composi t ion  of the o rd ina ry  conc re t e  h a s  not been d e t e r m i n e d ,  .so a 

c o m p a r i s o n  is not possible  for  this  c a s e .  

Good ‘ ag reemen t  w a s  obtained 

F a s t  neut ron  m e a s u r e m e n t s  using U 2 3 8  and N p  f i s s ion  c o u n t e r s  w e r e  a l s o  

made  but the da ta  a r e  s t i l l  being analyzed.  

’ 
3 3  
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TABLE IV 

PAR ISON O F  EXPERIMENTAL AND 

THEORETICAL ATTENUATION CONSTANTS 

I ron:  

Ex pe r i m e ;. t 1 

Theore t i ca l  

Magnet i te  Concre te :  

Expe r imen ta l  

The  o r e  t ica l  

O r d i n a r y  C onc re te :  

Expe r imen ta l  

~~~ ~ 

- t h e r m a l  

- 1  0 . 6 6  c m  

0. 72 

- in t e rmed ia t e  14 - f a s t  

0 . 2 4  c m - l  

0. 2 3  

111. REACTOR FUEL ELEMENTS 

- 1  

-1 
0. 134  c m  

, 0. 130  c m  

- 1  
0 .11  c m  

A. Meta l lurgy  of SGR F u e l  (F. E. Bowman, B. R. Hayward )  . 

1 .  Hollow Slugs - An in te rna l ly  and externally cooled l a r g e  hol low.uranium 

cyl inder  i s  being cons ide red  as  a promis ing  a l t e rna te  fuel e l e m e n t  t o  the .seven- '  . .  

rod c l u s t e r .  

s lugs  approx ima te ly  2 .  42 inches  0. D. by 1 .  3 8  inches  I. D. .by 4 i nches  long. 

T h e  e l emen t  i s  m a d e  up of a s e r i e s  of .powder-compacted  hollow 

' A s a m p l e  s l u g  w a s  comple te ly  sect ioned an$ meta l lographica l ly  examined 

for uni formi ty  of s t r u c t u r e ,  :.rain s i z e ,  and h a r d n e s s .  The r e s u l t s  showed uni- 

f o r m  s m a l l  g r a i n s  and uniform m i c  r cporos i ty  throughout.  

f r o m  R 2 0  to R 2 5  with. no appa ren t  pa t te rn .  

H a r d n e s s  va lues  ranged  

C C 

T h e  a p p a r a t u s  fo r  t h e r m a l  cycl ing t h e s e  s l u g s ,  d e s c r i b e d  in  the prev ious  

per iod ,  r equ i r ed  modif icat ion for s a t i s f a c t o r y  pe r fo rmance .  The m a j o r  changes  

involved the r ep lacemen t  o€ the  g l a s s  conta iner  with s t e e l  and the c y c l e . t i m e  w a s  

reduced  to  1 hour .  

and 500" C with a n  examinat ion  midway through the tes t .  

Tab le  V .  

One s p e c i m e n  w a s  t h e r m a l  cycled 500 t i m e s  between 100"  

The 'da t a  a r e  shown i n  

3 4  



- 2  i. I 

Y 

. M a x i m u m A d  (0. D. ) 
M a x i m u m n d  (I. D . ,  ends  only)  

Maximum 1 

W a r p  

TABLE V 

t 0. 008 in. 

t 0. 004 in. 

to. 002 in. 

t 0. 006 in. 

THERMAL CYCLING OF HOLLOW URANIUM SLUGS 

I After  243 cyc le s  I After  500 c y c l e s  
I 1 -  

to. 021 in. 

to. 01 1 in. 

-0. 002 in. 

+ O .  008 in. 

It i s  impor t an t  to  note that the s lug  was  cyc led  in  a v e r t i c a l  posit ion.  

t h e r e  was  a small amount  of oxidation of the s lug  a f t e r  cycl ing which m a y  c a u s e  

s o m e  e r r o r  i n , the  m e a s u r e m e n t s .  

ab l e  a f t e r  cycl ing.  

to r t ion  o c c u r r e d  on one s m a l l  a r c  on the top edge ,  which f l a r e d .  

s lug  is c u r r e n t l y  being cycled;  no  r e s u l t s  a r e  ava i lab le .  

Also,  

The  s e a m  f r o m  the sp l i t  d ie  was v e r y  notice.- 

One point along the s e a m  w a s  badly pit ted.  The  g r e a t e s t  d i s -  

Another l a r g e  

2. Dimens iona l  Stabi l i ty  of Uranium Alloys a t  High T e m p e r a t u r e s  - 

Another s e r i e s  of powder-compacted uranium s p e c i m e n s  w e r e  t h e r m a l  cycled 

500 t i m e s  between 200" and 7 0 0 "  C. Th i s  high t e m p e r a t u r e  cyc l ing  r e s u l t s  i n  

t r ans fo rming  the spec imen  f r o m  the low t e m p e r a t u r e  a lpha phase  to  a high t e m p e r -  

a t u r e  beta  phase  and back again.  

a l loys  of C r ,  Sn, Si, Mo, Bi, Z r ,  and Nb, w e r e  e i t h e r  hot p r e s s e d  3r cold p r e s s e d  

and s in t e red  as indicated by the r e s u l t s  i n  F i g s .  16,  17, and 18. All of t hese  

powder-compacted a l loys  have been cycled a t  l eas t  i n  duplicate,  except for the 

U - Z r  a l loys ,  with reasonable  s i m i l a r i t y  of r e s u l t s .  

v iously r epor t ed .  

T h e s e  s p e c i m e n s ,  which cons is ted  of uranium 

The o ther  r e s u l t s  w e r e  p r e -  

The  following obse rva t ions  a r e  of i n t e re s t :  

T h e  U-Cr a l loys  shown in F i g s .  a.  16 and 18  should not be in t e rp re t ed  

as  dupl icate  s p e c i m e n s  s ince  the or ig in  of the spec imens  is d i f fe ren t .  

m e n  shown i n  F i g .  

.the o the r  s p e c i m e n  w a s  fabr ica ted  f r o m  prea l loyed  powder .  

The  s p e c i -  

16 w a s  f ab r i ca t ed  f r o m  a m i x t u r e  of U and  C r  powders  while 

. 
b. The h o t - p r e s s e d  a l loys  of U-Sn and U-Bi have all given poor  r e -  

s u l t s  from the high t e m p e r a t u r e  cycl ing t e s t s .  

p r e p a r e d  by cold p r e s s i n g  and s in te r ing .  

None of t hese  al loys have been 

c .  Some of the h o t - p r e s s e d  U-Si a l loys show s e v e r e  d i s to r t ion  as  

i l l u s t r a t ed  i n  Fig.  16. Co ld -p res sed  and s i n t e r e d  U-Si a l loys of the s a m e  

2- 3 5  
,? '-.-' I 662 ij i 4 
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U-Cr ,  1. o w/o C r  

Change in  d i a m e t e r  = t270 
Change i n  length = t o .  370 

Surface  a p p e a r a n c e  = Sand blasted 

In te rna l  appearance  = Solid 

U - S i ,  0. 42 w/o Si (duplicate s a m p l e s )  

Change in  d i a m e t e r  = t3070 t2070 

Change in  length = -12% t770 

Surface  appearance  = Wrinkles  & edges 

cur led  (both)  

In te rna l  appearance  = Not examined 

(both)  

u - s ~ , ' z .  o w/o 

Change i n  d ian  

Change i n  leng 

Sn (duplicate s a m p l e s )  

e t e r  

h 

Surface  a p p e a r a n c e  

In te rna l  a p p e a r a n c e  

U-Bi ,  1. 0 w/o Bi 

Change in  d i a m e t e r  

Change i n  length 

Surf a c  e appearance  

Internal  a p p e a r a n c e  

= 4-3770 t4270 

= t8yo .-770 

' =  Severe ly  c r a c k e d  

(both)  

= P o r o u s  (both)  

= t3170 

= t 1 9 %  

= Severe ly  c r a c k e d  

= V e r y  porous 

F i g .  16. Resul t s  of 500 T h e r m a l  Cycles  (200"-700" C )  on H o t - P r e s s e d  

Powder  -Compacted Uranium Alloys 
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U-Mo,  0.'8 w/o Mo 

Change in d i a m e t e r  

Change in  l eng th -  

Surface  appea rance  

In te rna l  appea rance  

U-Mo,  1 . 2 ' w j o  Mo 

Change in  d i a m e t e r  

Change in  length 

Sur face  appea rance  

In t e rna l  appea rance  

U-Nb, 3 . 0  w/o Nb 

Change in. d i a m e t e r  

Change in  length 

S u r f a c e  appea ranc  e 

In te rna l  appea rance  

= F r o m  -170 to t 670 
= -270 

= Smooth 

= Solid 

= +170 

= to. 670 
= Smooth 

= Not examined 

I 

= +370 t 170 

= -0. 1 %  +270 

'= Bumpy Smooth 

= Not examined Solid 

. .  

. .  
. .  

. .  
\ 

w F i g .  17. Resu l t s  of 500 T h e r m a l  Cycles  (200" -700"  C )  on C o l d . P r e s s e d  and 

S in te red  Powder  -Compacted Uranium Alloys 

."&".3 03.5 
kJ b, c- 

3 7  



U-Mo,  0 .35  w/o Mo 
F a b r i c  a t  ion = Hot p r e s s e d  

Change in  d i a m e t e r  = t7yo 

Change i n  length = t13yo 

Surface  appearance  = Sand blasted 

U - S i ,  0. 42 w/o Si 

F a b r i c  a t  ion 

Change i n  d i a m e t e r  

-Change in  length 

Surface  appearance  

Cold 

.t 6 70 
t670 
Sand 

p r e s s e d  and s i n t e r e d  

blasted 

U - Z r ,  7. o w[o Z r  

F a b r i c a t i o n  = Cold p r e s s e d  and s in te red  

Change in d i a m e t e r  = t370 

Change in  length = +270 

Surface  a p p e a r a n c e  = Somewhat rough 

U - C r ,  1. o w/o C r  

F a b r i c a t i o n  = Hot p re s sed ,  p r e -  

alloyed powder 

Change i n  d i a m e t e r  = t870 

Change in  length = t3yo 

Surface  a p p e a r a n c e  = A few l a r g e  wr inkles  

and a few c r a c k s  

c 

F i g .  18. Resul t s  of 500 T h e r m a l  Cycles  (200"-700"  C )  on Powder-Compacted  

Uranium Alloys 

38 



composi t ion,  p rev ious ly  r e p o r t e d ,  indicate much l e s s  d i s tor t ion .  Sylvania h a s  

observed  that the U-Si a l loys r e q u i r e  quite c a r e f u l  prepara t ion  during ' fabr icat ion.  
b 

3 d. The  co ld-pressed  and s in te red  U-Nb al loy s p e c i m e n s  shown i n  

F ig .  

i n  o ther  per iods .  

17 a re  apprec iab ly  m o r e  s tab le  than the h o t - p r e s s e d  s p e c i m e n s  d e s c r i b e d  

P 

e.  The  c o l d - p r e s s e d  and s in te red  U-Mo alloy s p e c i m e n s  shown i n  

F i g .  1 7  contained a s l ight ly  higher  concentrat ion of Mo than the h o t - p r e s s e d  

s p e c i m e n  in F ig .  18. 

s p e c i m e n  of lower Mo content having s o m e  warp .  

Both of the f o r m e r  s p e c i m e n s  a r e  quite s tab le ,  with the 

The  r e s u l t s  to da te  show the c o l d - p r e s s e d  and s i n t e r e d  a l loys  to be s u p e r i o r  

to  similar al loys which w e r e  hot p r e s s e d ;  this would indicate that comple te  d i s -  

p e r s i o n  of.the alloying e lement  br ings  about the s tabi l i ty  noted. The  m o s t  p r o m -  

i s ing  s p e c i m e n s  have been the c o l d - p r e s s e d  and s in te red  U-Mo, U-Si, and U-Cr  

al loys with the U-Nb and U - Z r  al loys as promis ing  a l te rna tes .  

r e s u l t s  on the above s p e c i m e n s  a r e  incomplete .  

w e r e  p r e p a r e d  by powder meta l lurgy  methods by Sylvania E l e c t r i c  P r o d u c t s .  

Metal lographic  

The  s a m p l e s  used in this  s tudy 

3 .  F i s s i o n  G a s  Study - A theore t ica l  a n a l y s i s  of the possible  effects  of 

gaseous  f i ss ion  products  in S R E  fuel s l u L a f t e r  re la t ively high burnup indicates '  v\, 
potentially s e r i o u s  p r o b l e m s  a t  the proposed t e m p e r a t u r e  conditions.  / 

i A s e r i e s  
of MTR i r r a d i a t i o n  e x p e r i m e n t s  a r e  being designed to obtain a m o r e  r e a l i s t i c  / 

b a s i s  for  evaluating these  p r o b l e m s .  

with the MTR exper iments  for  evaluating the t e m p e r a t u r e  limits of SGR fuels  

d e s c r i b e d  in Section 111, C ,  2 .  The  da ta  for both s tudies  will  be taken f r o m  the . 

same capsule  with the same s p e c i m e n s .  

This  study is being m a d e  in conjunct ion ,  

Design s tudies  indicate that to  obtain a 0. 5 p e r  cent  burnup within a r e a s o n -  

ab le  per iod 'whi le  maintaining the 1200" F c e n t e r  and 900"  F s u r f a c e  t e m p e r a t u r e  

of the s lug i m p o s e s  r a t h e r  s e v e r e  r e s t r i c t i o n  on s lug  size. A 3/8-inch d i a m e t e r  

s p e c i m e n  h a s  been s e l e c t e d ;  this will  give the d e s i r e d  burnup in 1 3  t o  15  weeks 

i r rad ia t ion .  A 10 p e r  cent  enr ichment  w a s  imposed  by the d e s i r e  to minimize  

the d e c r e a s e  i n  power genera t ion  with burnup. 

h e a t e r s  in  the c a p s u l e s  in o r d e r  to  provide a m e a n s  of compensat ing for  t e m p e r -  rj 

a t u r e  changes in the slug resu l t ing  f r o m  the inherent  f luctuations in  the r e a c t o r  

flux level .  

the i r rad ia t ion .  

It h a s  been decided t o  include 

P r o v i s i o n  i s  being made  to  monitor  g a s  p r e s s u r e  in  the capsule  d u r i n g  
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B. Metal lurgy of Breede r  Fue l s  (F. E. Bowman) 

\\ ,f' A s  a p r e l i m i n a r y  a t tempt  to  es tab l i sh  the solid solubili ty of uranium in  i. thor ium,  a sol id  diffusion couple has  been p repa red  by heat ing s m a l l  cy l inders  

of arc  mel ted  thor ium and powder compacted uranium under ax ia l  p r e s s u r e  a t  JI 
850" C f o r  24  hours .  

materials, resu l ted  in what a p p e a r s  to be a s a t i s f ac to ry  weld. 

sea led  in a n  evacuated v i co r  capsule ,  is being held for  3 0  days  at  850" C. Subse-  

quent to the t r ea tmen t  a thorough meta l lographic ,  X - r a y  diffract ion,  and chemica l  

ana lys i s  will  be made.  

This  t r ea tmen t ,  which produced s e v e r e  upsett ing in  both 

The  spec imen,  

Additional couples  p r e s  s u r e  welded and d i f fmed at  other  t e m p e r a t u r e s  will  

be p r e p a r e d ,  dependent upon the r e s u l t s  obtained in  the c u r r e n t  exper iment .  

C. Dete rmine  Maximum Operat ing T e m p e r a t u r e  L imi t s  of SGR F u e l  

1. Res t ra ined  Slugs (B. R. Hayward)  - Uranium fuel  e l emen t s  which 

ope ra t e  with the peak in te rna l  t empera tu re  g r e a t e r  than 1 2 2 0 "  F m a y  have two 

phases  (a lpha and beta)  coexis tent  within the fuel slug. 

f e rences  between these  two phases ,  l a rge  in te rna l  s t r e s s e s  will  develop. 

impor tan t  t o  evaluate  these s t r e s s e s  with both new fuel s lug  des igns  and new fuel 

s lug m a t e r i a l s .  P rev ious  t h e r m a l  cycling of s t a in l e s s  - s tee l - jacke ted  a lpha -  

rol led uranium slugs between 630" and 680" C resu l ted  i n  va r ious  d e g r e e s  of 

\ pt 
1 4  

It is i 

Due to the dens i ty  d i f l .  ' 

d i s to r t ion  of .the jacket. .  A s  the jacket.  th ickness  d e c r e a s e d  the d is tor t ion  in -  

c r e a s e d .  The d is tor t ion  inc reased  a s  the number  of cyc le s  increased .  

One of the promis ing  approaches  to he lp  r e l i eve  these in te rna l  s t r e s s e s  is 

Jacke ted  spec i - .  through u s e  of a hollow s lug  with a s m a l l  d i a m e t e r  axial  hole. 

m e n s  have been p repa red  with axial  holes  of vary ing  s ize .  

m e n s  a re  being cycled by the s a m e  technique as mentioned above for a d i r e c t  

compar i son  with sol id  s lugs .  Hollow spec imens  

a re  a l s o  being p repa red  fo r  this  t e s t  by o the r  methods of uran ium meta l  f a b r i -  

cat ion and f r o m  uranium al loys.  

These  similar spe'ci- 

T h e r e  a r e  no r e s u l t s  to  date .  - 
V 

2. MTR Exper iment  (B. R. Hayward,  R. R. Eggles ton)  - Exper imen t s  

a r e  being designed fo r  SRE fuel  s lugs  s imulat ing the t empera tu re  leve l  and t e m -  

p e r a t u r e  d i f fe rences  ant ic ipated i n  SRE fuel m a t e r i a l s .  This  includes t e s t s  both 

with the m a x i m u m  fuel t e m p e r a t u r e  of 1200" F and with t e m p e r a t u r e s  g r e a t e r  

than 1200" F. 

(0. 5 p e r  cent  o f  to ta fHtoms in 17 weeks )  the spec imens  will  be enriched to  about 

In o r d e r  t o  g e t . a  reasonable  burnup in a s h o r t  per iod  of t ime 
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10 p e r  cent  U235. 
fluctuations ant ic ipated within the spec imens .  The spec imens  wil l  be made  by the 

same technique and of the s a m e  m a t e r i a l  composi t ions a s  a r e  expected to  be used 

i n  the fu l l - sca le  r e a c t o r .  Among those f u e l s  to be tes ted  a r e  u ran ium-r i ch  al loys 

of Mo, Si,  C r ,  and Nb. 

This  f a i r l y  high U235 content he lps  to  s tab i l ize  the t e m p e r a t u r e  

I f ' i t  a p p e a r s  feas ib le ,  Th-U al loys will  a l s o  be studied. 

The  expe r imen ta l  spec imen  s i z e  is approximate ly  3/8 inch by 1-1/2 inch. 

Thus  with the same A T  as expected in  the SRE 3/4-inch d i a m e t e r  s lugs ,  th i s  wil l  

actual ly  be a m o r e  s e v e r e  tes t .  

and economy with s o m e  var ia t ion  in the r e s u l t s  anticipated.  

t e s t s  (18 s p e c i m e n s )  a r e  planned. 

c u r r e n t  cons idera t ion  being given to  the use  o f  h e a t e r s  t o  main ta in  the d e s i r e d  

t e m p e r a t u r e s .  

s tud ies .  

These  t e s t s  a r e  being designed for s impl ic i ty  

A m i n i m u m  of s i x  

The  capsule  des ign  i s  well  advanced with 

Each  sample  will  have an in te rna l  thermocouple  f o r  t e m p e r a t u r e  

A cobal t  w i r e  will  be used to moni tor  the exposure .  

IV. REACTOR MATERIALS 

A. Engineer ing Evaluation of Graphi te  (D. Klein)  

The second thimble Qf the MTR-NAA-3 exper iment  to de t e rmine  the t h e r m a l -  

conductivity of graphi te  was  exposed. 

a t ions  in the thermocouple  readings by cementing the thermocouples  into the i r  

insulat ing tubes.  Th i s  a t tempt  was la rge ly  unsuccessful ;  and the fluctuations 

w e r e ,  i f  anything, w o r s e  dur ing  this  r u n  than dur ing  the f i r s t .  In spi te  of the 

l a r g e  s c a t t e r  i n  the da ta ,  o rder  of magnitude ag reemen t  w a s  shown between the , 
da ta  of th i s  r u n  and the f i r s t  one ( s e e  NAA-SR-1049). 

the end of the second run  w e r e  450, 655, and 665O C. P o s t  i r r ad ia t ion  m e a s u r e -  

men t s  of the samples  exposed in both r u n s  a r e  expected to  give be t t e r  information 

on the s t a t e  of damage  of the graphi te .  

is under  way a t  p re sen t  a t  the MTR s i t e ;  and the l abora to ry  m e a s u r e m e n t s  will  

be c a r r i e d  out a t  NAA 

An a t tempt  was  m a d e  to  minimize  f luctu-  

Y\ 
Sample t e m p e r a t u r e s  a t  . 

Dissec t ion  of the exper imenta l  thimbles  

B. C o r r o s i o n  and T r a n s f e r  of Radioactivity by Sodium ( S .  Nakazato,  A. M. Saul )  

1. T r a n s f e r  of Radioactivity f r o m  Zi rconium - The third capsule  of  the 

f i r s t  series of t h r e e  min i -ha rps  to  study the t r a n s f e r  of radioact ive z i rconium i n  

sodium h a s  been opened and analyzed.  

t o  weld fa i lure 'and  the second capsule  probably due to  accidental  overheat ing.  

The f i r s t  two of this  s e t  rup tu red , ?  one due  
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The power input to  the furnace  was  approximately t r ip led  ove r  a period of 15 

minutes  while a n  emergency  gene ra to r  was in  use.  

r e su l t ed  f r o m  an  e ros ion  of the s t a in l e s s  s t e e l  wal l  in  the hot tes t  zone,  possibly 

a mel t ing of a eutect ic  formed between z i r con ium and one of the components  of 

the s t a in l e s s  s t ee l .  

appea red  to have a eutect ic  type m i c r o s t r u c t u r e .  

per ienced  the s a m e  overheat ing,  i t  was opened fo r  ana lys i s .  

Rupture  appeared  to  have 

A mass of me ta l  was  found in the bottom of the capsule;  this  

Since the third capsule  e x -  

The th i rd  capsule 'had  been heated fo r  a per iod of 408. 5 hours .  The  oxygen 

content of the sodium in this  capsule  was  analyzed to be 0. 07 p e r  cent  O2 by 

weight. 

Table  VI shows the da ta  fo r  this  capsule .  
L--- 

The ac t iv i t ies  in the sodium and 

one the wal l  a r e  s e e n  to be concentrated on the lower hot port ion of the capsule .  

No  conclusions a r e  d rawn  a t  this  t ime a s  to  why the act ivi ty  should be concen-  

t r a t ed  in th i s* lower  sec t ion ,  o r  whether  o r  not the act ivi ty  on the wal l  is due to  

Z r  

ent have been postulated and will  be checked dur ing  fu ture  expe r imen t s .  

-.. 

k,{/ - 
.~ 9 5  li 

diffusion into s t a in l e s s  s tee l .  Poss ib l e  m e c h a n i s m s  €or  this  act ivi ty  g r a d i -  

T h r e e  m o r e ' c a p s u l e s  w e r e  p repa red  to rep lace  the f i r s t  s e r i e s .  One of 

these  has  a l ready ,  ruptured due to  weld fa i lure  a t  the hot end. 

TABLE VI 

CAPSULE ANALYSIS - 
TRANSFER OF RADIOACTIVE ZIRCONIUM 

Capsule  Sec t ion  f r o m  
Bottom to T o p  Inch 

0 - 1  

1 - 2  

2 - 3  

3 - 4  

4 - 5  

5 - 6  
6 - 7  
7 - 8  

8 - 9  

9 - 10 

10 - 1 1  

1 1  - 12 

Temp.  
' C  

72 5 

71 5 
700 
66 5 
61 5 
57 5 
54 0 

51 5 

99 5 
47 5 

44  0 

385 

Sodium Act iv i ty ,  
d /m/cc  

25. 500 

19. 900 

13,  000 

2 . 2 6 0  
** 
** 
** 
4 *  

*4 

*4 

8 4  

. 4 4  

W a l l  Act iv i ty ,  
d /m/cm2 

* 
* 42. 800 

29.  300 

19.  200  

328 

192 

133 
100 

126 

66 
117 

I58 

* Sample  g iven  to meta l lurgy  group  for  metal lographic  a n a l y s i s .  
** Activ i ty  in these  s e c t i o n s  is below background for the d i lut ion 

used  in this a n a l y s i s .  
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C. Organic  Coolant Investigations ( E .  L. Col ichman)  
c 

Me tal  Samples  
(3/16 inch by 1/16 inch 

by 1 inch)  

1. Toluene - I r rad ia t ion  s tudies  a r e  being p e r f o r m e d  on toluene in re.; -- 

C o r r o s i o n  G a s  Evolved, 
m l / g m  Toluene Wt. Loss,  m g  I P e n e t r a t i o n ,  mils 

--__ 
la t ion to its proposed use a s  the shield coolant in the SRE. Some work  completed 

on this pro jec t  c a n  now be s u m m a r i z e d .  T h r e e  m e t a l s  A l ,  Cu, s t e e l ,  ( s t r u c t u r a l  

p a r t s  of cooling s y s t e m )  w e r e  i m m e r s e d  in toluene which w a s  then i r r a d i a t e d  a t  

150" F in  the MTR-Gamma canal.  C o r r o s i o n  and i r r a d i a t i o n  d a m a g e  da ta  w e r e  
/" -- -+-- -.__ 
obtained for  t h r e e  leve ls  of g a m m a  dosage,  6. 6 x 10 

e s t i m a t e d  that  the m a x i m u m  fas t  neutron flux impinging upon toluene in the SRE 
shield wil l  be about 2. 7 x 10 with an a v e r a g e  energy  of 0. 40 

Mev and a c r o s s  sect ion equal  to 0. 2 2  c r n - l ,  cor responding  to about 0. 5R/sec o r  

5 x 10 R/3 y e a r s .  G a m m a  facil i ty exper imenta l  da ta  h a s  been extrapolated to  

e s t i m a t e  damage  to toluene and the var ious  m e t a l s  for  a s e r v i c e  life of 3 y e a r s  
7 equivalent t o  5 x 10 R. Resul t s  a r e  given below: 

..- 
_L- ..-..,,-...------- 

___I___-'--------a -....---__ 

to 3 x 10 R. If-Ras*-been 

8 2 n e u t r o n s / s e c - c m  

7 

DAMAGE (PER 3 YEARS or 5 x l o 7  ROENTGEN) 

Iron 

Al 

c u  

I 2 . 2  

1. 0 1 0.8 

. 05 

. 07 

. 02 

t 0 .20  - - 1 2  
t 0 .20  - . 12 
+ 0 . 2 0  - . 12 

On the bas is  of this exper iment ,  i t  a p p e a r s  that radiat ion induced c o r -  

ros ion  in the SRE shield cooling s y s t e m  will  be negligible. 

An MTR in-pi le  e x p e r i m e n t  on toluene and p-xylene now in  p r o g r e s s ,  will  , 

offer  a n  independent check on the extent of damage  to be expecte'd in the SRE shield 

cooling s y s t e m .  

2. Terphenyls  - P y r o l y s i s  and 1 -MeV e l e c t r o n  i r r a d i a t i o n  s tudies  have 

been completed on the terphenyls  a t  400-450" C. 

f o r m e d  a re  s t i l l  i n  p r o g r e s s  on the or th3- te rphenyl  s a m p l e s .  

m a r y  of the r e s u l t s  c a n  be given a t  this  t ime:  

Analyses  of p e r  cent polymer --. ---------- 
T h e  following sum- 

4 3  
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a. G G and pyro lys i s  runs  indicate that p a r a - t e r p h e n y l  gas ,  .po lymer  
is the m o s t  stable.  terphenyl  i s o m e r .  

b. G values ' for  the terphenyls  o v e r  the t e m p e r a t u r e  range 3 0 -  
g a s  

350" C and a t  d o s e s  f r o m  2-loo paah w e r e :  
3 

p a r a ,  0. 001-0. 006 

m e t a ,  0. 005-0. 010 

or tho,  0. 005-0. 009 

i *. 

r 

and p e r  cent  po lymer  values  for  the te rphenyls  o v e r  the 
ah  polymer  c .  G 

t e m p e r a t u r e  range 400-450" C and a t  d o s e s  f r o m  l 0 - 9 0 k  
g m  were: 

p a r a ,  0. 020-0. 022 and 4-3170, respec t ive ly  

m e t a ,  0. 033-0. 085 and 14-45%, respec t ive ly  

d.  Per cent  polymer formed in the te rphenyls  in  the pyro lys i s  runs  

a t  400 and 450" C w e r e :  

p a r a ,  0. 4 -0 .  770 a t  15-90 h r  and 

0. 3-2. 470 a t  8-66 h r ,  respec t ive ly  

m e t a ,  0. 1-0 .  370 at 10-84 h r  and 

4-1270 at 7-74 h r ,  respec t ive ly  

T h e s e  e l e c t r o n  i r r a d i a t i o n  r e s u l t s  and pyro lyses  indicate  the following o r d e r  of 

s tabi l i ty  for  the te rphenyls :  p a r a > m e t a > o r t h o .  Erpphasis  i n  this work  h a s  now 

shifted to  s im,i lar  s tud ies  with m i x t u r e s .  

Gas  volume m e a s u r e m e n t s  on te rphenyls  i r r a d i a t e d  i n ' M T R  r e a c t o r  hole 

V H - 3  for  1019 nvt have  been  completed and a r e :  
t 

t 

+ 

meta-  , 1. 21 ml /gm - 0. 09; 
o r t h o - ,  2 .  33 ml/gm - 0. 15; 

and para- . ,  3. 76 ml /gm - 0. 14. 

It is planned to r u n  another  s e r i e s  of these  s a m p l e s  t o  c o n f i r m  the r e s u l t s  obtainec 

T h e s e  in-pile i r r a d i a t i o n s  a t  ambient  ( n e a r  r o o m )  t e m p e r a t u r e  indicate the fol-  

lowing o r d e r  of s tabi l i ty  based on g a s  evolution: m e t a >  o r t h o > p a r a .  

Resul t s  on the o r d e r  of s tabi l i ty  of the var ious  i s o m e r s  under different  

conditions of i r r a d i a t i o n  and t e m p e r a t u r e  a r e  not only of scient i f ic  i n t e r e s t  but 

a l s o  a r e  n e c e s s a r y  if a n  a t tempt  is to be m a d e  to develop the m o s t  s table  organic  

m i x t u r e  for  ul t imate  tes t ing in a n  in-pile loop a t  high t e m p e r a t u r e s .  
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F u r t h e r  de ta i l s  in  r e g a r d  to p r e s e n t  i r r ad ia t ion  work  a r e  given in 

NAA-SR-  1087. 

- 
Construct ion of the loop for  c i rcu la t ing  organic  fluids a t  up to 900" F was 

completed and tes ted ,  

the pump, 

a t u r e  reached.  

The two m a j o r  components ,  the heated t e s t  sec t ion  and 

w e r e  found to  pe r fo rm unsa t i s fac tor i ly  a t  800" F, the highest  t e m p e r -  

The capaci ty  of the pump (Viking P u m p  Company) fal ls  off rapidly 

in the 750-800" F region. 

gun on repiping the loop in such  a manner  that l ine loss  will  be held to  a minimum.  

Difficulty with thermocouples  and with the ca l rod  h e a t e r s  were .  encountered in  the 

heated t e s t  sect ion.  Refabricat ion of this heated t e s t  sec t ion  and cons t ruc t ion  of 

a l t e rna te  models  has  been s t a r t e d .  

In an  effort  to overcome th is  difficulty, work h a s  be-  

It has  been found n e c e s s a r y  to  make  these  

changes  in the or ig ina l  pump loop scheme  in an  a t tempt  to obtain a s y s t e m  that  

will  ope ra t e  fo r  extended per iods  up to about 900"  F. 
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Q SECTION B 

S O D I U M  REACTOR EXPERIMENT c 

V. REACTOR DESIGN AND EVALUATION 
(LAND, BUILDINGS, SERVICES) 

A .  Site 

The  s i t e  se lec ted  and approved for  the SRE P r o j e c t  h a s  been surveyed  to 

include layout of s i t e  boundaries ,  Reac tor  Building, Engineer ing T e s t  Building, 

on-s i te  roads  and paved a r e a s ,  d ra inage  control  s y s t e m ,  and water  d i s t r ibu t ion  

tank. 

P r e l i m i n a r y  grubbing and es tab l i shment  of construct ion r o a d s  i s  now com- 

plete  (F ig .  19).  Insofar  a s  possible ,  routing of these  r o a d s  has  followed final 

road  layout.  

Secur i ty  planning r e q u i r e s  the Reac tor  Building and Engineer ing T e s t  

Building to  be enclosed in a l imi ted  a r e a  bounded by a p e r i m e t e r  fence  of chain 

l ink type. The  r ema inde r  of the s i t e  sha l l  be cons idered  a control led a r e a .  

Communicat ions a t  s i t e  will be furnished by c o m m e r c i a l  telephone and a 

rad io  faci l i ty  s i m i l a r  to that i n  p r e s e n t  use by North A m e r i c a n  Aviation Inc.  a t  

ad jacent  s i t e  a r e a s .  

exis t ing fac i l i t i es  to  fully coordinate  secu r i ty  and f i r e  protect ion f o r  total  a r e a .  

These  w i l l  be tied into North Amer ican  Aviation Inc.  ' S  

A soi l  survey  has  been completed which genera l ly  ind ica tes  a solid sandstone 
with a sand overburden  varying f r o m  15 to 2 4  fee t  deep.  

countered  i n  the 50-foot boring. 

of the p r e l i m i n a r y  foundation design assumpt ions  made  previously,  based on 

adjacent  s i t e  foundation information.  

No ground wa te r  was  en- 

This  invest igat ion substant ia ted p rac t i ca l ly  a l l  

S i te  grading,  excavation and paving bid r e q u e s t s  have been r e l e a s e d  as  h a s  

the 50, 000 gallon water  dis t r ibut ion tank. 

B. Reac tor  Building 

Arch i t ec tu ra l  layout h a s  now ref lec ted  changes  r equ i r ed  by changing i r r a -  

diated fuel s to rage  from a wet to a d r y  type sys t em.  

and  cleaning s y s t e m  together  with a new hot ce l l  locat ion has  been approved.  

hot  ce l l  now sha l l  be underground to r ece ive  i r r ad ia t ed  fuel  e l emen t s .  

A n  underf loor  f u e l  e lement  

The  

H e r e  the  
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e lemen t s  shal l  be p r e p a r e d  for  the shipping coffin o r  d i sa s sembled  and opened for 

examinat ion i n  a n  ad jacent  me ta l lu rg ica l  liot cel l .  
> 

T h e  handling br idge  for  the  coffins and r e l a t ed  s e r v i c e s  h a s  been submit ted 

f o r  bids: 

handle  the installation of heav ie r  r e a c t o r  components .  

Complet ion of this  br idge and aux i l i a ry  t ro l l ey  should be i n  t i m e  to 

C .  Engineer ing  T e s t  Building 

F i n a l  a r c h i t e c t u r a l  layout i s  i n  p r o g r e s s  together  with mechan ica l ,  e lec t r ica l ,  

a 

and s t r u c t u r a l  des ign .  

T h e  supe r  s t r u c t u r a l  con t r ac t  of the building h a s  been awarded  and  p r e l i m i n a r y  

cons t ruc t ion  drawings  have been completed by the f ab r i ca to r  subjec t  to Nor th  

A m e r i c a n  Aviation Inc.  approval .  

/ VI. FUEL ELEMENTS 
' r,, 

x 
c 

A .  F u e l  M a t e r i a l  (B.  R. Hayward,  W .  J. Hal le t t )  

Specif icat ions have been p r e p a r e d  for  the uran ium f o r  the ini t ia l  loading and 

rout ine  opera t ion  of the SRE, 

A E C  for  approval  and  p rocuremen t  f r o m  F M P C .  

These  spec i f ica t ions  have been submi t ted  to the 

The  m a t e r i a l  r equ i r ed  cons i s t s  

of 4300 k i log rams  of 2 .  75 pe r  cent  enr iched uranium meta l  i n  the  f o r m  of s lugs  

6 inches  long by 0. 750 inch d i a m e t e r  (a total  of 5230 s lugs) .  The m e t a l  wi l l  be 

beta  heat  t r e a t e d  while i n  the rod s t a g e ,  accord ing  to p r e s e n t  p r a c t i c e  a t  F M P C . ,  

B. F u e l  Rod J a c k e t s  (J .  J. D r o h e r ,  T .  E. Stephen,s, W .  J. Hal le t t )  
. 

Tenta t ive  specif icat ions f o r  the s t a i n l e s s  s tee l  j acke t  tu,bing have been p r e -  

p a r e d .  With few except ions ,  t hese  a r e  s i m i l a r  to exis t ing m i l i t a r y  spec i f ica t ions .  . 
The m a j o r  .deviation w i l l  be the  addition of spec i f ica t ions ,  for  non-meta l l ic  inc lus ions ;  

' Since the wall  of the.fue1 jacke t  i s  only 10 m i l s  i n  thickness;  i t  i s  impor t an t  

that  th i s  tubing have no r eg ions  of potential fa i lure .  

the e s c a p e  of f i s s ion  products  into the p r i n i a r y  coolant .  

regions. exis t  i n  the tubing, e f for t  has  been d i r ec t ed  towards  a t tempt ing  to indu'ce 

f a i l u r e  by e x t r e m e  chemica l  and mechanica l  m e a n s .  

P i n  hole f a i lu re  might  allow 

To de tec t  whether  such 

. .  

F u r t h e r  meta l lographic  examinat ion of tubing both i n  the as- r ece ived  condi- 

tion and exposed to 800" F sodium w a s  c a r r i e d  out both a t  NAA and a t  Allegheney 
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Ludlum.  

s l ight ly  be t t e r  a s  far  as  c l ean l ines s  f o r  s t a i n l e s s  steel is  concerned .  

s i o n s  a r e  p r i m a r i l y  c h r o m i t e s  which a r e  m i x t u r e s  of i r o n  oxide and c h r o m i u m  

oxide.  Upon etching, many  more d a r k  p a r t i c l e s  w e r e  seen ;  t hese ,  however ,  a r e  

not inclusions but a r e  the ch romium c a r b i d e s  which have  not been d isso lved  by 

annealing. 

ing,  but ‘is not believed that t h e s e  c a r b i d e s  c a u s e  pit t ing i n  mol t en  sodium.  

T h i s  s t ee l  w a s  not excessively d i r t y  and would r a t e  as a v e r a g e  o r  

The  inc lu-  

T h e s e  carbides  could be r emoved  by p r o p e r  high t e m p e r a t u r e  anneal-  
- 

T o  d e t e r m i n e  the  p r e s e n c e  of any a reas  of excessive c a r b i d e  prec ip i ta t ion  

Spec imens  of a s - r e c e i v e d  tubing and tubing which the  S t r a u s s  t e s t  w a s  ut i l ized.  

had  been hea ted  i n  sodium for 100 hour s  a t  800”  F w e r e  subjected to i m m e r s i o n  

in  a boiling solution of 3 p e r  cen t  cupr i c  su lpha te ,  10 p e r  cent  su lphur i c  acid, and 

8 7  p e r  cent  d i s t i l l ed  wa te r  f o r  72 hour s .  

c ipi ta t ion o r  i n t e r g r a n u l a r  co r ros ion  w a s  noted upon meta l lographic  examinat ion.  

No  evidence of excess ive  c a r b i d e  p r e -  

To de termine’  whether heavily oxidized sodium at  high t e m p e r a t u r e  would 

Q G  c a u s e  pit t ing o r  s e l ec t ive  a t t a c k ,  the following t e s t s  w e r e  pe r fo rmed .  F o u r  spec-  

i m e n s  of tubing w e r e  sea l ed  in  a s t a i n l e s s  s t e e l  capsule  in  contact  with sodium 

which had  been  heavily oxidized. 

to ta l  of 450 h o u r s .  The  c a p s u l e  w a s  opened a f t e r  100, 200,  and 450 h o u r s  a t  

which t i m e s  t h e  spec imens  w e r e  wa te r  washed in  air and  visually examined .  

Nei ther  of the  aggrava ted  conditions r e su l t i ng  f r o m  exposure  to the  oxidized 

i. The  capsule  w a s  maintained a t  800” F f o r  a 

sodium o r  the  cleaning in air (which was  done t o  de l ibe ra t e ly  develop high loca l  

s u r f a c e  t e m p e r a t u r e s  w h e r e  the  burning sodium contacted the  s t a i n l e s s  steel)  

I 
contr ibuted t o  local ized s u r f a c e  a t t ack .  

Hydraul ic  p r e s s u r e  t e s t s  of the  tubing w e r e  conducted as  a basis for  e s t ab -  

l i sh ing  a non-destruct ive t e s t  i n  which the  tubing i s  p r e s s u r i z e d  to 9 0  p e r  cen t  of 

yield s t r eng th  and examined  for dimensional  change and  for l eakage  th.rough f laws 

o r  inc lus ions .  The  yield and u l t ima te  s t r e n g t h s  and 5 elongation va lues  a g r e e d  

with handbook da ta  for Type 304 s t a i n l e s s  s t ee l .  

m e n s  fa i led  with longitudinal sp l i t  although s e v e r a l  pinhole f a i l u r e s  w e r e  obtained 

a s  shown i n  F i g .  20. 

a t  800” F f o r  100 h o u r s  and subsequent ly  used  in d r o p  t e ~ t i n g . ~  T h i s  tubing had 

v isua l  p i t s  at the start of p r e s s u r e  loading and fai led with a pinhole leak .  

t he  i n c r e a s e  i n  d i a m e t e r  of t h i s  tubing was  s ignif icant ly  l e s s  than tha t  of the o t h e r  

t ubes  t e s t e d  due  to the l o s s  in  duct i l i ty  caused  by the  work  hardening  obtained i n  

T h e  ma jo r i ty  of the  t e s t  spec i -  
Y 

T h e  tubing a t  t he  top of the  f i g u r e  had been hea ted  i n  sodium 

. However ,  
. 

I t he  d r o p  t e s t .  Despi te  the p r e s e n c e  of t h e s e  known,flaws the  tubing did not fail a t  - 
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90 p e r  cen t  y ie ld  and r eached  the  same ul t imate  load a s  the  oth'er t ubes  tested.  

T h i s  i n d i c a t e s  t ha t  it is doubtful tha t  t h i s  type of t e s t  could be adopted as' a m e a n s  

of detect ing m i n o r  f laws tha t  w e r e  not v i s ib le  p r i o r  to  tes t ing .  . I t  m a y  have appl i -  

ca t ion  in  de t ec t ing  thin-walled a r e a s  of s ignif icant  size. 

. .  

P r e l i m i n a r y  t , es t s  of the 'welded  joint  between the fuel  j a c k e t  and the end  

plug had indicated tha t  a p a r t i a l  a tmosphe re  of a rgon  w a s  n e c e s s a r y  t o  s t r i k e  a n  

a r c ,  while he l ium w a s  added for pu rposes  of l eak  tes t ing  the weld.  Techniques  . 
have  now been  developed f o r  making sa t i s f ac to ry  welds  in  he l ium a lone  both a t  

1 a t m o s p h e r e  and 1/2 a tmosphere .  

a r e  s t r o n g e r  than the  jacke t  tubing. 

T e n s i l e  t e s t s  of t h e s e  jo in ts  ind'icate tha t  they 

P r o o f ' t e s t s  of the welded joint  have been c a r r i e d  out by applying a load  

suff ic ient  to s t r e s s  the  weld joint  without permanent ly  deforming  the thin- wall  

tubing. It was  found that  a t ens i l e  load of 700 pounds would not c a u s e  pe rmanen t  

deformat ion  of t he  tubing, while a load of s l ight ly  over  1000 pounds w a s  r e q u i r e d  

to  r educe  the tubing d i a m e t e r  0.001 inch.  

2500 pound t ens i l e  load and the tubing d i a m e t e r  d e c r e a s e d  along i,ts e n t i r e  length 

uniformly until  j u s t  before  f r a c t u r e .  

F r a c t u r e  of the tubing r e q u i r e d ' a  

b 
It i s  suggested tha t  a dead  load of 700 : .  pound; 

1 o r  less  be used to  t e s t  all f u e l  r o d s  to  de t ec t  ex t r eme ly  poor welds  and  to aggrava te  

a n y  minute  f laws so tha t  they may be m o r e  eas i ly  found in  the  l e a k  detect ion t e s t .  

C .  Space r  W i r e  (H.  S t r ah l )  

T h e  w i r e  w r a p s  to be used f o r  spacing the  f u e l  e l emen t s  have  been  p r e -  

formed by Pacif ic  W i r e  Rope  Co. 

d rawn  Type  304L s t a i n l e s s  s t ee l .  

long,  and have  a pitch of 10 inches .  

difficult  to i n s t a l l  and will  s p r i n g  f r o m  the  tubing if  not r e s t r a i n e d .  

A s  shown in  F i g .  21, the  w i r e  used  w a s  h a r d  

The  w i r e s  a r e  0.091 inch in  d i a m e t e r ,  100 inches  

T h e  w i r e s  fit snugly to the tubing but a r e  

VII. MODERATOR, REFLECTOR, STRUCTURE 

A .  Reac to r  C o r e  Tank and Supporting S t r u c t u r e  ( W .  J. S a n d e r s )  

Changes  in  the m a t e r i a l  of both the c o r e  tank and the  in t e rmed ia t e  tank w e r e  

incorpora ted  in to  the  design.  Studies  have been  m a d e  of t he  s t r e s s e s  i n  the core  

tank and in  the i n t e r m e d i a t e  tank which prdved tha t  the wal l  t h i c k n e s s e s  a r e  a d e -  

qua te  t o  withstand the loads  involved without excess ive  c r e e p  of the  m a t e r i a l  a t  

the  maximum t e m p e r a t u r e  a t  which t h e s e  p a r t s  will  ope ra t e .  

& 51 
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A study is being made  of the hea t  t r a n s f e r  c h a r a c t e r i s t i c s  of the coolant .with 

r e spec t  to the c o r e  and the c o r e  tank to i n s u r e  that no excess ive  t h e r m a l  s t r e s s e s  

will be imposed  on the wall of the c o r e  tank. 

a l t e rna te  s c h e m e s  of the  a r r a n g e m e n t  of the inner  t h e r m a l  shield and c o r e  c l a m p s  

Layouts  have been m a d e  of s o m e  

between the c o r e  tank and the c o r e .  

F u r t h e r  s tud ies  of the t h e r m a l  shield m a t e r i a l  have c o r r o b o r a t e d  the  se l ec -  

t ion of .the high t e m p e r a t u r e  r e s i s t a n t  gray  c a s t  i ron  or iginal ly  specif ied.  

. -  _ .  

, i. 

Insulation c e l l s  have been designed to  f i t  the a n n u l a r  s p a c e  between the i n -  

t e r m e d i a t e  tank and the c o r e  cavity l i n e r .  

m e t a l  con ta ine r s  which may  be fi l led with e i the r  a granular  o r  f ibrous  type of in -  

sulation and which m a y  be instal led f r o m  the top a f t e r  the tanks ,  t h e r m a l  shield,  

and piping have been placed. 

s i m i l a r l y  except that  the c e l l s  wi l l  be s m a l l e r  and of a modified cubical  shape. 

Selection of the insulating m a t e r i a l  wi l l  be predicated upon the  r e s u l t s  of t e s t s  

now being conducted on the compatibil i ty of liquid sodium with var ious  types and 

b r a n d s  of insulation (See Section VIII, B, 1). 

T h e s e  cons is t  of long rec tangular  shee t  

Insulation a t  the bottom of the cavity will  be a r r a n g e d  

Studies a r e  i n  p r o g r e s s  of the a r r a n g e m e n t  of the l a r g e  bellows g a s  s e a l  a t  

the top of the c o r e  tank and in t e rmed ia t e  tank to  i n s u r e  that nei ther  mechan ica l  

nor  t h e r m a l  s t r e s s e s  a r e  excess ive  i n  the bellows o r  t he i r  a t taching m e m b e r s .  

Bel lows m a n u f a c t u r e r s  have been contacted i n  an  effor t  to de t e rmine ' success fu l  

bel lows a t t achmen t  methods  i n  s i m i l a r  ins ta l la t ions .  

Detai l  d rawings  have been made  .for the following i t e m s ;  c o r e  tank, t h e r m a l  
shield,  ou ter  tank,  and supporting s t r u c t u r e .  Some of these  a r e  comple te  and 

r e a d y  fo r  pu rchase .  O t h e r s  a r e  being checked.  

B. Development  of Zi rconium Modera to r  Cel l  Cans  (R. C .  Brumf ie ld ,  ' 

W .  L. Cockre l l )  

(113 

Work p e r f o r m e d  this  q u a r t e r  w a s  concerned  pr incipal ly  with the following: 

des ign  of a breathing tube for  the m o d e r a t o r  cans ,  calculat ions on the t r a n s p o r t  

of sodium vapor ,  rol l ing of the z i r con ium bi l le t s  into shee t  f o r m ,  machining of 

graphi te  b i l le t s ,  p r o c u r e m e n t  of a welding s take ,  and instal la t ion of a n  outgassing 

fu rnace  and vacuum equipment .  

1 .  Design - The  vent tube s y s t e m  shown i n  F ig .  22. was designed to allow 

the m o d e r a t o r  c a n  to b r e a t h e  into the he l ium plenum c h a m b e r  above the sodium 
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r e s e r v o i r .  A "snorkel"  of th i s  type would allow d i scha rge  of g a s e s  which will  be 

c 

5 

. 

o r  

c -  

? 

r e l e a s e d  f r o m  the graphi te  by t h e r m a l  agi ta t ion and radiat ion dur ing  r e a c t o r  o p e r a -  

tion., 

ta ined in  p o r e s  and c l e a r a n c e s  i n  and around the graphi te ,  thus  pro tec t ing  the  can  

f r o m  s t r u c t u r a l  damage  by p r e s s u r e  buildup. 

the lower  ( c o o l e r )  end of the b rea the r  tube to  t r a p  sodium vapor  before  i t  r e a c h e s  

the graphi te .  

t ion.  

the f i n a l  ana lys i s  th i s  valve might  be omit ted.  

I t  would a l s o  r e l e a s e  gas  p r e s s u r e  f r o m  the rma l  expansion of gases con-  

A condenser  h a s  been a t tached  to 

The  t r a p  shown is  probably adequate  fo r  ten y e a r s  of no rma l  o p e r a -  

A check valve i s  shown between the condenser  and graphi te  c h a m b e r s .  In 
i 

T h e  t r a n s p o r t  of sodium vapor into the modera to r  c a n  dur ing  cooling and by 

the  ac t ions  of no rma l  and t h e r m a l  diffusion has  been studied and found to be ve ry  

s m a l l  and acceptab le  i n  p rac t i ce .  However ,  an  exper iment  will be run  to  check 

these  effects  under s imula ted  opera t ing  conditions (except ing the  inf luences of 

radiat ion) .  

A vent tube suppor t  h a s  been designed to maintain the l a t e r a l  posit ion of the 

vent tube i n  re la t ion  to  the modera to r  can.  

of the tube with the fuel  c lus t e r  and adjacent  can  during r emova l  and r ep lacemen t  

Th i s  is to  prevent  spac ia l  i n t e r f e rence  

of these  units.  

A model  of a f la t -plate  can head h a s  been built of a luminum f o r  bonded-wire 

A chamber  s t r a i n  gage m e a s u r e m e n t s  with p r e s s u r e  and t h e r m a l  s t r a i n  loadings.  

h a s  been built f o r  the tes t ing  of can heads under load a t  high t e m p e r a t u r e  in con-  

t a c t  with sodium in  o r d e r  to de t e rmine  the  effects  of s t r e s s  co r ros ion  atid 

cor ros ion- fa t igue ,  pa r t i cu la r ly  i n  weld a r e a s .  Data a r e  not ye t  ava i lab le  f r o m  

e i ther  of t hese  expe r imen t s .  

2. Z i rconium and Fabr i ca t ion  - The convers ion  of two ingots  of z i rconium 

s t a r t ed  e a r l y  i n  Ju ly  i s  nea r ly  complete .  

s i t y  of making  m o r e  than one s i z e  prdduct  f r o m  an  ingot m a d e  fo r  poor yield,  

which will  be approximately 60 to 65 p e r  cent.  

enced i n  s c a l e  r emova l ,  resu l t ing  i n  t i m e  delays.  

to make  the s i x  development cans  and to conduct physical  t es t ing  at 1000' and 

1200' F. 

The  s m a l l  c h a r a c t e r  of the  lot and neces .  

Some difficulty h a s  been exper i -  

T h e r e  will  be suff ic ient  m a t e r i a  

T h e  fabr ica t ion  of me ta l  p a r t s  fo r  the s ix  development cans  h a s  been 

scheduled f o r  the Los Angeles  P lan t .  

t i m e  m a t e r i a l  can be r e l e a s e d  for  manufactur ing opera t ions  about October  1. 

The  n e c e s s a r y  o r d e r s  will  be i s s u e d  by the 

A 
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j i g  h a s  been  des igned  for the  loca t ion  and a t tachment  of t he  s t u d s  on the  end 

c l o s u r e s .  

T h e  welding machine  and s o m e  of i t s  equipment  r e q u i r e  f u r t h e r  shakedown 

b e f o r e  welding of t he  development  c a n s  can be m a d e  on a rout ine basis. 

welding s t ake  with a m o d e r a t o r  can  (. 050-inch wal l )  is shown i n  F ig .  2 3 .  

T h e  

Work  h a s  been  ini t ia ted on  measu r ing  the s t r e n g t h  and  c r e e p  c h a r a c t e r i s t i c s  

( a t  1000 and 1200’ F) of t he  z i r con ium t o  b e  used  i n  development  c a n s .  

C .  Graphi te  

T h e  hexagonal g raph i t e  blocks f o r  six development  c a n s  have been  rece ived  

f l o m  the vendor  and d imens iona l  inspect ion h a s  been  comple ted .  

ind ica t ions  a r e  tha t  the  blocks a r e  dimensional ly  sa t i s f ac to ry ;  the inspect ion 

opera t ion  is shown i n  F i g .  24.  s 

The  p r e s e n t  

T h e  va lues  f o r  a s h  content r e p o r t e d  by the  manufac tu re r  and checks  obtained 

with o u r  l a b o r a t o r y  ind ica te  the  a s h  content to be well  within the  spec i f ied  0. 10 p e r  

cen t  maximum. 

T h e  dens i ty  va lues  r e p o r t e d  by the manufac tu re r  and checks  m a d e  i n  o u r  

l a b o r a t o r y  a r e  s l ight ly  lower  than specif ied.  The  ac tua l  r ange  of d e n s i t i e s  i s  

1 .60  to 1 .68,  w h e r e a s  the  value specified t o  t h e  producer  w a s  1 . 6 5  min imum.  

M e a s u r e m e n t  of the  magnet ic  suscept ib i l i ty  ind ica tes  t h i s  g raph i t e  t o  be equivalent 

i n  degree of graphi t izat ion and or ien ta t ion  to  AGOT, as  spec i f ied  i n  t h e  p u r c h a s e  

o rde r .  

p i l e  h a s  been scheduled.  

The  m e a s u r e m e n t  of nuclear  p r o p e r t i e s  of the  g raph i t e  i n  the  Hanford 305 

D.  Heat  a n d  Vacuum T r e a t m e n t  . 
Ins ta l la t ion  of the  150- kilowatt e l e c t r i c  fu rnace  and  handling equipment  

( F i g .  25)  w a s  completed.  

du r ing  the  dry ing  and  heat ing cyc le  and  dur ing  sustained high t e m p e r a t u r e  o p e r a -  

t ion.  T h i s  fu rnace  wil l  be  used  f o r  t h e r m a l  outgassing of the  g raph i t e  m o d e r a t o r ,  

annea l ing  of z i r con ium s t r i p ,  and high t e m p e r a t u r e  t e s t s  on  m o d e r a t o r  e l emen t s .  

A s s e m b l y  of the  vacuum r e t o r t ,  which mounts  i n  the  f u r n a c e ,  h a s  been  s t a r t e d  

T h e  f u r n a c e  p e r f o r m e d  and control led sa t i s f ac to r i ly  

following t h e  r e w o r k  of leaky  components .  . 
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VIII. REACTOR COOLING AND HEAP TRANSFER 

rr 

5 A .  Engineering and T e s t s  on SRE Components  

1 .  Insulation 

a .  Insulating B r i c k  and F i b e r  T e s t s  i n  Sodium (M.  Tarp in ian)  - V a r i -  

o u s  types  of insu la t ing  m a t e r i a l s  w e r e  subjected to  liquid sodium to s tudy d e t e r i -  

o ra t ion  e f fec ts .  

f lushing with i n e r t  g a s  and f o r  introducing the l iquid sodium. 

wrapped  a round  the  t anks  and chromel-alume! thermocouples  w e r e  peened into the 

tank w a l l s .  

The  spec imens  w e r e  sea l ed  in  s t e e l  p ipes  with provis ions  f o r  

H e a t e r  w i r e  w a s  

T h e  f i r s t  spec imen  cons is ted  of Johns-Manvil le  S i l - 0 - C e l  B r i c k  #C-16  cu t  

in to  a cyl inder  2 inches  high and 4 i nches  i n d i a m e t e r .  

b r i c k  w a s  740" F; sodium a t  907" F was  dr ipped  onto the  spec imen .  After  r e m o v a l  

and  b e f o r e  a n  alcohol bath,  the s a m p l e  had a dul l  black to  g r a y  c o l o r ,  and ex- 

hibited l a r g e  p o r e s .  

The  t e m p e r a t u r e  of the  

However ,  after dissolving out the  sodium the  spec imen  d is -  

in t eg ra t ed  into 2 gray-  b lack  sludge. 

Another  cyl inder  (F ig .  26)  of Sil-0-CeA Br ick  #C-10  w a s  cu t  i n  half ,  cemented  

toge the r  with S i l - 0 - C e l  mortar  and subjected to the same conditions desc r ibed  

above.  The spec imen,  upon r emova l ,  s e p a r a t e d  a t  the cemented  jo in t ,  t he  sodium 

having completely des t royed  the cemen t .  

g r a y  sludge r e su l t ed .  

Again a f t e r  a n  a lcohol  bath the black- 

T h e  next  two  m a t e r i a l s ,  Johns-Manvil le  Superex  p a s t e  ( F i g .  27)  and Eagle-  

Instead of 
C 

P i t c h e r  m i n e r a l  wool (F ig ,  2 8 )  w e r e  r u n  under  d i f fe ren t  condi t ions ,  

dr ipping the  liquid sodium on to  the  s a m p l e s ,  a cube of sodium w a s  placed on each 

spec imen .  

a t  t e m p e r a t u r e  f o r  1 - 1 / 2  h o u r s .  

comple te  penetrat ion of the  sodium. 

a s  wel l  a s  a s l igh t  whitish d i sco lo ra t ion  ( F i g .  27) .  

wool had become black in the a r e a s  w h e r e  sodium m a d e  contact  (Fig.  28). 

Af te r  evacuation, t he  c h a m b e r s  w e r e  heated to  900" F and  maintained 

Both s p e c i m e n s  w e r e  r emoved  in t ac t  without a 

T h e  Supe rex  showed some flaking tendency 
' 5  

~ 
The g r a y  co lo r  of t he  m i n e r a l  

(5, b. S t a i n l e s s  S tee l  Wool (F. E. Bowman) - The c u r r e n t  SRE des ign  

c a l l s  for  a 12-inch l a y e r  of s t a i n l e s s  s t ee l  wool t h e r m a l  insu la t ion  between the 

o u t e r  tank and the  c o r e  cavity l i n e r .  T h i s  m a t e r i a l  i s  to o p e r a t e  i n  a ' n i t r o g e n  

a t m o s p h e r e  a t  t e m p e r a t u r e s  which m a y  r e a c h  1500' F. 
0' 
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SRPZY-L0H 
SPECIMEN BEFORE TEST 

SRPZ9-36A 
SPECIMEN AFTER TEST 

... 

SRP29- 36D 

S P E C M E N  VERTICALLY SECTIONED AFTER TEST 

F i g .  27. .  Thermal  Insulat ion Tes t s  - . 

John‘s - Ma nville Sup e r ex Pa s te 
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In o r d e r  to es tab l i sh  the  feasibil i ty of such opera t ion ,  a s e r i e s  of t e s t s  have 

A - been r u n  exposing s tee l  wool and m a s s i v e  304L spec imen  to both .s ta t ic  and  flowing 

tank ni t rogen and air a t  t e m p e r a t u r e s  of 1200" F and 1500" F for pe r iods  up to 

6 weeks.  The  ni t rogen flow r a t e  was  maintained a t  about 20  cubic c e n t i m e t e r s  per  

minute .  

the n e c e s s a r y  dec is ion  could be made  on the b a s i s  of qual i ta t ive informat ion .  

No a t t empt  was  m a d e  to obtain quant i ta t ive da ta ,  s ince  it was  fe l t  that  

The  r e s u l t s  obtained w e r e  a s  follows: 

1 .  In s ta t ic  a t m o s p h e r e  both types of m a t e r i a l  a r e  comple te ly  sa t i s f ac to ry .  

With the  exception of a change i n  su r f ace  appea rance  ( g r a y  i n  ni t rogen and black 

i n  a i r ) ,  t h e r e  was no significant a l t e r a t ion  obse rvab le .  

i m p l i e s ,  of c o u r s e ,  a r e s t r i c t e d  amount  of g a s  ava i lab le  f o r  r eac t ion .  

T h e  s ta t ic  a t m o s p h e r e  

2 .  With a continuous supply of f r e s h  g a s  a s  provided in the dynamic a t m o s -  

phe re  t e s t s ,  the r e s u l t s  w e r e  much l e s s  encouraging.  

the  s t a i n l e s s  wool ( c o a r s e ,  medium,  and f ine)  w e r e  conver ted  comple te ly  to a 

f r i a b l e  m a t e r i a l  in 1 month.  

o r ig ina l  f o r m ,  they w e r e  reduced  to powder even by the m o s t  ca re fu l  handling. 

X- ray  d i f f rac t ion  pa t t e rns  of the resu l t ing  powder revea led  only the oxides  of i r o n  

and ch romium.  I t  is fe l t ,  however ,  that  the oxide i s  a secondary  product  r e s u l t -  

At 1500" F all g r a d e s  of 

n -  
Although dur ing  the t e s t  the s p e c i m e n s  re ta ined  the i r  

* 

ing f r o m  a p r i o r  reac t ion  of nitrogen with the  ch romium.  The foEmation of ch ro -  

mium ni t r ide would effectively r emove  the  e lement  which i m p a r t s  the oxidation 

r e s i s t a n c e  to s t a i n l e s s  s t ee l ,  thus  permi t t ing  the e n t i r e  m a t e r i a l  to r e a c t  w i t h  

the impur i ty  oxygen i n  the ni t rogen gas .  

t 

The r e s u l t s  a t  1200' F w e r e ,  a s  might  be expected,  much l e s s  s e v e r e .  

However ,  t h e r e  was  evidence to ind ica te  that with t ime  the s a m e  end r e s u l t  could 

be ant ic ipated.  

2 .  I n e r t  Gas  Sys tem 

a. Sys tem Ar rangemen t  (E .  Thomas )  - Piping  layouts  have been p r e -  
f 

p a r e d  to e s t ab l i sh  pipe trenche's f o r  d i s t r ibu t ing  the i n e r t  g a s e s  within the r e -  

a c t o r  building. 

inlet  pipes  to the c o r e  tank with hel ium and to use  ni t rogen a s  a n  i n e r t  a t m o s p h e r e  

i n  the d isposable  cold t r a p  ga l l e ry  outs ide the r e a c t o r  building. 

It h a s  been decided to r e p l a c e  ni t rogen i n  the double w a l l  sodium 
h 

The gas  p r e s s u r e s  

i n  the insulat ion a n n u l u s ,  within the ou te r  tank, and above the sodium pool i n  the  . 

c o r e  tank have been s e t  a t  3 psig.  

h 

The d i f fe rence  i n  g a s  p r e s s u r e  between t h e s e  



P 

\4 2 components  and the connecting piping ga l l e r i e s ,  which have a g a s  p r e s s u r e  of 

1 / 4  psig,  will be taken up a t  the ga l le ry  s e a l  d iaphragm.  . 
Hel ium g a s  will  be purchased  f r o m  the Bureau  of Mines in  Amar i l l o ,  Texas  

and will  be s to red  in  spec ia l  bott les of 920  SCF capaci ty  a t  a s t o r a g e  p r e s s u r e  of 

2000 psig.  

s t anda rd  g a s  cy l inder .  

Th i s  capaci ty  is approximately four  t i m e s  the amount  s t o r e d  i n  a 

Nitrogen g a s  will be s to red  i n  s tandard  cy l inders  fo r  no rma l  usage and 

ni t rogen t r a i l e r s  wi l l  be brought to the  r e a c t o r  s i t e  for  the purging of the piping 

gal le  rie s . 
b. Helium Analysis  Sys t em for  Oxygen Determina t ion  ( W .  G. Bradshaw,  

L. S i lve rman)  - The B r a d y  method is  to be used i n  the expe r imen ta l  s tud ies  of the 

SRE p r o g r a m ,  to  de t e rmine  the oxygen content of the hel ium g a s  blanket  maintained 

ove r  liquid sodium. 

in  the range  of z e r o  to 10 p a r t s  p e r  mil l ion of oxygen i n  the  hel ium. 

I t  o f f e r s  a rapid method of ana lys i s  with sui table  prec is ion ,  

T h e  appa ra tus  of Brady  h a s  been modified to m a k e  a mobi le  unit and the  

mode  of opera t ion  h a s  been changed. 

using graphica l  computation, a s  l i t t l e  as 15 to  20 l i t e r s  of g a s  m a y  be used  to 

obtain r e s u l t s  for  oxygen i n  hel ium in  the 0 to 12 p a r t s  p e r  mi l l ion  r ange  within 

45 minutes .  

0: 

By improving the pumping s y s t e m  and by 

I 

In pr inc ip le ,  a wa te r  solution of a r e d  dye (anthraquinone-bcta-sulfonate) is 
I d i rec t ed  through g l a s s  tubing by the  hel ium gas .  At the s t a r t  of the t e s t ,  the r e d  

.color of the solution is m e a s u r e d  by a Beckman spec t rophotometer ,  and  the  oxygen 
i n  the he l ium gas r e a c t s  to deco lo r i ze  the r e d  solution. The  measure of the change 

f r o m  red  to  c o l o r l e s s  is  the -measure of the oxygen content. 

The  spec t rophotometer  was  independently ca l ib ra t ed ,  first, by using g a s e s  

I of known oxygen content and second,  by e lec t r ica l ly  genera t ing  known quant i t ies  
, =  
I of oxygen gas .  Using g a s e s  of known oxygen content,  a p rec i s ion  of *0.25 p a r t s  

8 -  p e r  mil l ion oxygen i n  the 0 to  12 p a r t s  p e r  mil l ion r ange  was  obtained. The  r e s u l t s  

a g r e e  within +_O. 1 . p a r t  pe r  mil l ion of t he  Winkler method as desc r ibed  by Si lverman 

and Bradshaw. 

I 

5 
” 

When i n  continuous opera t ion ,  a change in oxygen content of the g a s  m a y  be 

de tec ted  within 15 to 30 minutes .  

8 de te rmina t ions  m a y  be made  p e r  day. 

If the oxygen content is  sufficiently low, a b o u t  

6 6  



. '7 .. 

c .  Winkler Sys t em - A modification of the Winkler  method,  in  which 

oxygen is  abso rbed  into alkal ine manganous hydroxide and then de tezmined  as 

iodine,  h a s  been  desc r ibed  by S i lve rman  and Bradshaw.  
5 

A prec is ion  r a n g e s  f r o m  0 . 4  to 0 . 7  p a r t  p e r  mill ion for  bottled g a s e s  va ry -  

ing i n  oxygen content f r o m  2 to 23 p a r t s  pe r  mill ion.  

f r o m  z e r o  to 150 p a r t s  pe r  mill ion oxygen. 

The  method can be used 

T h e  t i m e  to  comple t e  one ana lys i s  is 6 hours .  A s e r i e s  of a n a l y s e s  c a n  be 

combined so that  four  m a y  be made  i n  one day. 

fo r  one ana lys i s  i s  one l i t e r .  The  Winkler method is  recommended when only 

s m a l l  amoun t s  of s ample  gas  a r e  available and a rapid a n s w e r  is not requi red .  

The  volume of oxygen r e q u i r e d  
I 

d .  Pur i f ica t ion  of Ine r t  G a s e s  - A s e r i e s  of he l ium s a m p l e s ;  taken 

be fo re  and a f t e r  pas s ing  through a NaK bubbler ,  w e r e  analyzed by a modjf ied 

Winkler method. 

the  NaK bubbler was  1.1 p a r t s  pe r  mill ion.  

5 The lowes t  oxygen concentrat ion obtained a f t e r  passinlg through 

Bottled hel ium and hydrogen g a s e s  w e r e  p a s s e d  through s y s t e m s  of gas-  

bubb le r s  containing concent ra ted  sodium anthraquinone-  beta- sulfonate reagent .  

T h e  oxygen content of hydrogen was  r e d u c e d f r o m  2 . 7  p a r t s  pe r  mil l ion to 0 . 3  p a r t  

p e r  mil l ion;  the oxygen content of hel ium w a s  reduced  f r o m  6 . 6  p a r t s  p e r  mil l ion 

to  0 .5  p a r t  p e r  mi l l ion ,  acco rd ing  to the Brady  s y s t e m  and the Winkler  method.  

e .  Hel ium Pur i f ica t ion  (R.  Cygan) - S p a r g e r s  consis t ing of flat  s ta in-  

l e s s  s t ee l  c a n s  have been inco rpora t ed  into the NaK bubblers  in place o f ' a  p r e -  

viously used perfora ted  tube. 

f o r  use  on  the f u e l  loading a p p a r a t u s  and the handling expe r imen t s .  

w i l l  be  used f o r  f u r t h e r  t e s t s  on the opt imizat ion of design fo r  NaK bubblers .  

Two new s e t s  of N a K  bubblers  have been o r d e r e d  

One of t hese  

T e s t s  have been s t a r t ed  to d e t e r m i n e  back diffusion of oxygen in to  he l ium 

s e r v i c e  l ines .  Th i s  s y s t e m  wi l l  t e s t  the effective sea l ing  of valves ,  f i t t ings,  and  

pipes  used i n  the design of the r e a c t o r  g a s  s e r v i c e  s y s t e m .  

3 .  Sodium Svs tem Companents  

a. Cal ibrat ion of E-M F l o w m e t e r s  ( D .  F. B a r k e r )  - F i v e  e lec t ro-  

magnet ic  f l o w m e t e r s  fo r  gene ra l  use  in the Engineer ing  T e s t  P r o g r a m  w e r e  

fabr ica ted  and ca l ibra ted .  

pipe loop with a ca l ibra ted  f lowmete r .  

They w e r e  ca l ibra ted  by placing them i n  s e r i e s  i n  a 
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F i v e  s u r p l u s  r a d a r  magne t s  w e r e  acqui red  to  supply the  magnet ic  field at 

P 

9 

Tive d i f fe ren t  loca t ions  in  a '  c losed pipe loop. 

nominal  304 ELC s t a i n l e s s  s t e e l  tha t  had been electropol ished in s ide  to i m p r o v e  

sodium wetting. 

pump c e l l  w e r e  welded in  the loop i n  s e r i e s  with the five uncal ibrated f lowmeters .  

T h e  voltage p r o b e s  of 304 ELC w i r e ,  40 mils in  d i a m e t e r ,  w e r e  welded 180" a p a r t  

on  a plane perpendicular  to  the magnet ic  flux. 

multipoint r e c o r d e r  with a r ange  of 0 to 10 mi l l ivo l t s .  Two the rmocoup les  w e r e  

welded on the pipe i tself  a t  po in ts  i n t e r m e d i a t e  between f lowmete r s  and two t h e r -  

mocouples  w e r e  welded on each  f lowmeter ,  one a t  a pole p i ece  and ano the r  on the  

base .  

c i s ion  poten t iometer .  

heat ing cab le  and then insulated with Superex.  

600" F and the e lec t romagnet ic  pump was  energ ized .  

t he  pipe,  v e r y  l i t t l e  flow w a s  r e c o r d e d .  

u t e s  and then turned  on aga in .  

s l igh t  i n c r e a s e  of flow each  t i m e  until  a m a x i m u m  flow ra t e  of 8 GPM w a s  obtained 

a t  110 vol t s  on t h e  pump. 

T h i s  was  cons t ruc ted  with 1- inch 

A s tandard  e lec t romagnet ic  f lowmeter  and a n  e lec t romagnet ic  

T h e s e  l e a d s  w e r e  connected t o  a 

T h e s e  w e r e  connected to  a se l ec to r  switch and r e a d  with a po r t ab le  p r e -  

T h e  exposed s t a i n l e s s  s t e e l  pipe w a s  then wrapped  with 

T h e  loop w a s  then brought  up to  

A s  sodium w a s  not wetting 

The  pump was  then turned  off for 5 min-  

T h i s  p rocedure  w a s  repea ted  s e v e r a l  t i m e s  with a 

It w a s  evident tha t  the pipe w a s  not wetting completely.  

T h e  t e m p e r a t u r e  of the  loop w a s  r a i s e d  t o  800" F to p rompte  b e t t e r  wetting. 

T h e  pump w a s  then  turned  on  a t  110 vol ts  and immedia te ly  a flow r a t e  of about  

19 GPM w a s  r e c o r d e d .  

a t  800" F a t  d i f fe ren t  pumy voltages to obtain d i f fe ren t  flow r a t e s .  

A number  of ca l ib ra t ion  r u n s  w e r e  made with the  loop 

b. Sodium Cleaning with Anhydrous Ammonia (D. F. Barker)  - Sodium 

h a s  a solubi l i ty  in  anhydrous  a m m o n i a  of about  10 p e r  cent .  

tha t  l iquid a m m o n i a  might  offer  cons iderable  p r o m i s e  for cleaning p a r t s  coated 

with sodium. 

s y s t e m  using l iquid a m m o n i a  w a s  a s s e m b l e d  a t  Santa  Susana.  

sodium and a s i n t e r e d  s t a i n l e s s  s t e e l  f i l t e r  loaded with sodium w e r e  both effec- 

t ive ly  c leaned  in two s e p a r a t e  trials. 

c i r cu la t ing  ammonia  cleaning s y s t e m  is now being fabricated. 

T h i s  would ind ica te  

To  d e t e r m i n e  the  effect iveness  of the  method,  a batch cleaning 

A g l a s s  c a p s u l e  of 

Based  upon t h e s e  encouraging r e s u l t s ,  a 

( 1 )  Appara tus  f o r  Batch  Cleaning - T h e  cleaning conta iner  con- 

sisted of a 4- inch nominal  schedule  80 black i r o n  pipe 12  inches  long. 

c a p  w a s  welded on one end and a flange welded on the  o the r  end. 

piping w a s  of schedule  80 pipe with heavy duty union va lves  and elbows. 

g l a s s e s  and a p r e s s u r e  gage  w e r e  incorpora ted  in  the  s y s t e m .  

A # 3 0 0  weld 

A l l  3 /8- inch  
i 

Two s ight  

A s t i r r i n g  rod w a s  * 
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ins ta l led  through the 1 1 / 2  inch thick c o v e r .  

1 / 4  ho r sepower  moto r  mounted on the c o v e r .  

f r o m  a l a r g e r  c o m m e r c i a l  cy l inder .  

The  s t i r r i n g  rod.was d r i v e n  by a 

The a m m o n i a  w a s  dra ined  d i r e c t l y  

( 2 )  Tes t -Tube  Cleaning Exper imen t  - In  o r d e r  t o  g e t  a n  idea  of 

t he  cleaning t i m e  r e q u i r e d ,  10 g r a m s  of sodium w e r e  poured in a t e s t  tube. Th'e 

open end of the  t e s t  .tube w a s  then cut off 3 / 4  inch above the  sodium. 

of this t e s t  tube w a s  about  1 / 2  inch.  

The  d i a m e t e r  

The  t e s t  tube-was  then put i n  the  cleaning 

tank and the  tank filled with ammonia .  

c a p s u l e  w a s  5 h o u r s  with continuous ammonia  s t i r r i n g .  

a s  soon as i t s  co lor  appea red  a s  a n  opaque blue-black; t hese  a m m o n i a  changes  

The  dissolving t i m e  of the  10  g r a m s  in  the 

The  a m m o n i a . w a s  changed. 

w e r e  n e c e s s a r y  about eve ry  hour .  

only a small  a rea  of the sodium w a s  exposed to  the  ammonia .  

t ime is proport ional  t o  the a r e a  of sodium exposed,  t h i s  explains  the  long cleaning 

t i m e ,  

Because  of the small opening of the t e s t  tube,  

Since the  cleaning 

( 3 )  Cleaning of Sintered S ta in l e s s  S tee l  F i l t e r  - A s i n t e r e d  s t a in -  

l e s s  s t e e l  Surfamax f i l t e r  that  had been used in  emptying the f i l l  pot a t  Santa  

Susana  w a s  obtained to  t e s t  the  cleaning method. 

i t  was  badly loaded with sodium. 

w a s  718. 3 g r a m s .  

f i l l ed  with liquid anhydrous ammonia .  

lef t  running for one  hour .  

d r a i n  l ine.  ' A s  s e e n  through the s ight  g l a s s ,  t he  ammonia  no longer  w a s  c l e a r  but 

blue-black i n  co lo r  to  the  point of being opaque. 

tha t  the  .solut ion of ammonia  w a s  n e a r  sodium sa tu ra t ion .  

comple te ly  dra ined  into a d r u m  of wa te r  through a submerged  nozzle .  ' N o  explo- 

It  w a s  evident on inspect ion tha t  

The  combined weight of the f i l t e r  and sodium 

The  f i l t e r  w a s  placed in  the  cleaning tank and the  tank w a s  then 

The  s t i r r i n g  rod  m o t o r  w a s  turned  on and  

Ammonia  was  then d ra ined  into the  s igh t  g l a s s  on  the  

T h i s  p a r t i c u l a r - c o l o r  indicated 

T h e  tank w a s  then 

. 
s ive  r eac t ion  w a s  involved. 

unti l  the  a m m o n i a  dra ined  ,into the s ight  g l a s s  r ema ined  c l e a r .  

t i m e  w a s  f i v e ' h o u r s .  

The  tank w a s  aga in  f i l led and the  p rocedure  repea ted  

T h e  to ta l  cleaning 

I t  is  in t e re s t ing  to note tha t  six t i m e s  m o r e  sodium w a s  d isso lved  i n  th i s  

t e s t  o v e r  t he  prev ious  expe r imen t  with the  same t i m e  and volume of a m m o n i a .  

T h i s  is due  to  the l a r g e r  area exposed t o  the  a m m o n i a  in  th i s  expe r imen t .  

T h e  f i l t e r  w a s  r emoved  f r o m  the cleaning tank and immersed  in  butyl 

a lcohol .  

f r o m  the  butyl alcohol and i m m e r s e d  i n  e thyl  alcohol.  

No v is ib le  r eac t ion  o c c u r r e d  and a f t e r  1 / 2  hour  the  f i l t e r  w a s  r emoved  

A v e r y  s l igh t  r eac t ion  

w a s  v is ib le .  The  f i l t e r  w a s  lef t  i n  the alcohol fo r  1 hour  and wa te r  w a s  then added 
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t o  the alcohol with no reac t ion .  

w a t e r ,  d r i e d  and weighed. 

ammonia cleaning had dissolved 59 .8  grams of sodium in  five hours .  

F i l t e r  w a s  removed,  washed thoroughly i n  plain 

The  weight of the  d r y  f i l t e r  was  658. 5 g r a m s ;  t he  

(4)  Ci rcu la t ing  Ammonia  Sys t em fo r  Sodium Cleaning - T h e  

good r e s u l t s  obtained in  c leaning the s t a in l e s s  s t ee l  f i l t e r  m a k e s  i t  p lausible  to  

build a closed c i rcu la t ion  ammonia  cleaning sys t em.  

is  now i n  p r o g r e s s .  

B .  

Fabr i ca t ion  of such  a s y s t e m  

Engineer ing  T e s t s  of Sodium Flow Under SRE Conditions (R. Cygan, 

W .  J. F r e e d e ,  T. T .  Shimazaki)  

P r e s s u r e  d rop  m e a s u r e m e n t s  f o r  the l a t e s t  design SRE f u e l  e l emen t  w e r e  

completed.  A composi te  photograph of th i s  a s s e m b l y  is shown i n  F ig .  29. The 

chief d i f fe rences  between th i s  a s s e m b l y  and the SGR e lemen t s  prev ious ly  tes ted  

a r e  i t s  s h o r t e r  ac t ive  length,  additional s p i r a l  w i re  wrapping,  and addi t ion of a n  

o r i f i ce  p la te  a t  the  lower  end of the c l u s t e r .  

e: T h e  loca t ion  of p r e s s u r e  t aps  used i n  the m e a s u r e m e n t s  is  shown i n  F ig .  30. 

Using t h e s e  t aps  the p r e s s u r e  d rop  in  the f u e l  e lement  sec t ion  and the combined 

p r e s s u r e  d rop  of the or i f ice  and en t r ance  sect ion was observed .  F i v e  different  

o r i f i ce  p la te  s i z e s  f r o m  2.250 inches to 2 .  750 inches  w e r e  used .  

2. 750-inch d i a m e t e r  or i f ice  p l a t e ,measu remen t s  w e r e  taken with the  plate  in  the  

e x t r e m e  e c c e n t r i c  posit ion 

F o r  the 

as  well  as  i n  the  cen te red  posit ion.  

Fr ic t ion .  fac tor  data  fo r  i s o t h e r m a l  turbulent  flow through the fue l  e lement  

sec t ion  a r e  shown i n  F ig .  3 1 .  The r e s u l t s  can  be approximated  by the express ion:  

o ' 0376  where  f i s  defined by h = 4fVZL 
Re  0 . 1  2g De 

F =  

The  f r ic t ion  fac tor  f o r  the SRE fuel e lement  is higher  t han ' fo r  t he  SGR 
6 e lement  previously desc r ibed .  

w i r e  s p a c e r s  used i n  the  SRE design.  

The  d i f fe rence  i s  due to  the  g r e a t e r  number  of 

d 

I The  o r i f i c e  coeff ic ient  da ta  a r e  plotted i n  F ig .  32, where  the coefficient C, 
7 
L. 

i s  defined by ho = v0 where  ho is  the combined head loss oi the o r i f i ce  and 
c 2e v 

en t r ance  sec t ion  and Vo i s  the velocity through the or i f ice .  The  o r i f i ce  coefficient 

i n c r e a s e s  with d e c r e a s e  in o r i f i ce  plate  d i a m e t e r .  The da ta  indicate  that  fo r  a 

given o r i f i c e  p la te  d i a m e t e r ,  the o r i f i ce  coefficient d e c r e a s e s  with i n c r e a s e  in  
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Reynold ' s  number  up to  a value of Reynold's number  above which the  o r i f i c e  co-  

efficient becomes  approximate ly  constant .  

F i g u r e  32 a l s o  -shows that  i f  the or i f ice  plate  is  eccen t r i c ,  the  coefficient 

F o r  the 2.  750-inch d i ame te r  o r i f i ce  plate  in the  e x t r e m e  eccen t r i c  i n c r e a s e s .  

posit ion,  the  o r i f i ce  coefficlent i n c r e a s e s  about 4 p e r  cent .  

plot of the r e s u l t s  shown i n  F ig .  32 f o r  the concentr ical ly  posit ioned o r i f i ce  p la tes .  

F i g u r e  3 3  is  a c r o s s  

T h e r e  is  cons iderable  s c a t t e r  of exper imenta l  data  in  the  lower  Reynold 's  

number  reg ion ,  which in t roduces  s o m e  uncertainty in  the  i n t e r p r e t e d  r e s u l t s  f o r  

t h i s  region.  ,The  s c a t t e r  r e s u l t s  f r o m  the pump and valve s iz ing  m a d e  or ig ina l ly  

for t he  h igher  flow r a t e s  appl icable  to  SGR, which r e su l t ed  i n  poor cont ro l  c h a r -  

a c t e r i s t i c s  a t  very  low flows. .S ince  th i s  flow r a t e  region is  below n o r m a l  flow ' 

fo r  SRE, r ev i s ion  of equipment  to get  bet ter  da ta  i s  unwarrant,ed.  

' M o r e  exac t  flow pa t t e rn  s tudies  have been c a r r i e d  out using l a r g e r  suspended 

p a r t i c l e s  ( sawdus t ) ,  high intensi ty  lighting and F a s t e x  c a m e r a s .  

and data  a r e  being analyzed.  

The  photographs 

C .  Sodium P u m p  Development and T e s t  (R.  Cygan) 

During the pas t  q u a r t e r  the  sodium pump loop (F ig .  38, NAA-SR-878) h a s  

been ins ta l led  and ins t rumented  and the auxi l ia ry  equipment h a s  been added 

( F i g s .  34 and 35). 

heat ing cable  (n i ch rome  covered  with a s b e s t o s - g l a s s  insulat ion with mone l  bra id  

P i p e  prehea t ing  is  provided using Genera l  E l e c t r i c  flexible 

ove r -a l l ) .  

F o r  sodium l e a k  detect ion,  two s t a in l e s s  w i r e s  imbedded i n  loosely woven g l a s s  

y a r n  tape a r e  fas tened to the unders ide  of the horizontal  piping. 

The  heating cable  is  held i n  place using s t ee l  w i r e  and p l u m b e r ' s  tape.  

Thermocouples  a r e  peened d i r ec t ly  into the pipe wall  except  f o r  low t e m -  

p e r a t u r e  r eg ions ,  where  they a r e  so ldered  to the su r faces .  T h e r m o s t a t s  main-  

t a in  the d r a i n  l ine  and dump tank above the melt ing point of sodium a t  all t i m e s .  

Hel ium supply i s  bubbled through NaK columns to r emove  t r a c e  oxygen p r e s e n t  

in  tank he l ium.  

P r e l i m i n a r y  checkouts  a r e  f inished and the loop is now ready  f o r  the  ini t ia l  

sodium cha rge .  

D .  S ta in less  Steel  Metal lurgy f o r  SRE (D. T. Eggen) 

During the l a s t  q u a r t e r  i t  was decided that  the s tandard  m a t e r i a l  f o r  s y s t e m s  

in contact with sodium o r  sodium vapor should be 304 s t a i n l e s s  s tee l .  P r i o r  t o  
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t h i s  dec i s ion ,  i t  had been genera l  p r a c t i c e  to spec i fy  304L ( e x t r a  low carbon,  

0 .030  p e r  cen t )  for th i s  s e r v i c e .  

indicated ca rbon  prec ip i ta t ion  even with tne e x t r a  low ca rbon  m a t e r i a l .  .It w a s  

f e l t  tha t  the l i t t l e  advantage gained o v e r  c o m m e r c i a l  304 did not w a r r a n t  the  in-  

c r e a s e d  cos t .  

t i ons  where  e x t r a  toughness ,  s t r eng th ,  o r  c l ean l ines s  a r e  r e q u i r e d ;  e .  g . ,  sodium’ 

pump i m p e l l e r  and the j acke t  tubing f o r  fuel r o d s .  

T h i s  choice w a s  m a d e  a f t e r  invest igat ions which 

Except ions to th i s  general .case will be  m a d e  under  c e r t a i n  condi- 

T h e  backup r ing  developed by the  E l e c t r i c  Boat Company f o r  u s e  in  i n e r t  

g a s  welding of s t a i n l e s s  s t ee l  f o r  sodium s e r v i c e  h a s  been added to p r e f e r r e d  

me thods  of welding. 

backup r i n g ,  and t e m p o r a r y  copper  backup. 

r e d u c e  oxidation o n  the in s ide  of weldments .  

T h e  o the r  accepted methods  a r e  g a s  backup, consumable  

T h e s e  methods  a r e  used  i n  o r d e r  to  

IX. INSTRUMENTATION AND CONTROL 

.. 

A .  Contro l  Rod S y s t e m s  

1. ConLrol R o d i v e  Me- (M.  Mue l l e r ,  R. E. Douglas)  - A s  p r e -  

viously r e p o r t e d ,  

fou r  will be a r r a n g e d  to have a n  o v e r r i d e  on the  s h i m  movemen t  so they might  

function as regulat ing r o d s .  

t he  regulat ing rod  will  be in s t rumen t  controlled.  

the four  cont ro l  r o d s  will  be used as  s h i m  r o d s  and  two of the 

T h e  sh im movement  will be manual ly  ope ra t ed  while 

T r a v e l  of the s h i m  rod  is  tentat ively fixed a t  0.  24  f t / m i n .  Using a 1 - 0 0  di- 

a m e t e r  w o r m  with a l ead  of 0 . 2 0  inch r e q u i r e s  a slow speed  of 1 4 . 4  r p m .  

a s  a regulat ing rod  is  tentat ively l imi t ed  to a maximum of 3 . 0  f t / m i n .  

r e q u i r e s  a f a s t  speed of 180 r p m .  

Trave l  

T h i s  

T h e  r e q u i r e d  speeds  for the two-speed d r i v e  ( F i g .  36) a r e  obtained using 

two 1200 r p m ,  constant  speed ,  r e v e r s i n g  m o t o r s  d r iv ing  through f r i c t ion  type,  

ad jus t ab le  to rque ,  s l ip  couplings coupled to  a g e a r  r e d u c e r .  The  g e a r  r e d u c e r  

u s e s  a p lane tary  g e a r  s y s t e m .  

a r e  provided. 

ava i lab le .  

gea r s  a g a i n s t  a fixed annulus  o r  r i n g  gea r  held by the  inac t ive  motor on b rake .  

T h e  low r a t i o  is obtained by d r iv ing  the  r i n g  g e a r  through the  planet g e a r s  a g a i n s t  

t h e  fixed sun  gear  held by the  opposi te  m o t o r  b rake .  

Two  input s h a f t s ,  one for each  of the  two m o t o r s ,  

The  p lane tary  g e a r s  a r e  a r r a n g e d  to  ut i l ize  the  two r a t i o s  normal ly  

T h e  high r a t i o  is  obtained by d r iv ing  the sun  g e a r  through the planet 

With t h i s  a r r a n g e m e n t  two 
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m o t o r s  a r e  m a d e  to d r i v e ’ a  single shaft a t  different  speeds  and in  r e v e r s i b l e  

d i r ec t ions  of rotat ion.  

The  regulat ing rod  t r a v e l  is l imited to  plus  o r  m i n u s  6 inches  beyond the 

normal ly  control led posit ion establ ished by the sh im rod  d r ive .  

is  dr iven  by the  high speed input shaf t .  

l i m i t  swi tches  a t  each end of the twelve-inch t r ave l .  

A n  Acme s c r e w  

A c a m  t r a v e l s  on th i s  s c r e w  and ac tua te s  

A c e n t e r  switch is provided 

f o r  indicating tne posit ion of the regulating movement  a t  the  cen te r  of t r ave l .  
8 

The  s l ip  couplings a r e  of the spr ing  loaded, f r ic t ion  d i s c  type with a n  ad -  

j u s tmen t  nut regulat ing the sp r ing  p r e s s u r e  to give a fixed torque  l imi t .  

i n  e x c e s s  of th i s  l imi t  c a u s e  the coupling to  sl ip.  

aga ins t  d r iv ing  the  bal l  nut and w o r m  i n  the pull tube beyond the l i m i t s  of the w o r m  

/Loads’  . 
This  provides  a safety stop 

t h r e a d  and o the r  j amming  due to  faulty manual  control .  

A se lsyn  unit d i r e c t  d r iven  f r o m  the main shaf t  suppl ies  intel l igence f o r  

indicating the posit ion of the pull tube.  

The  main shaf t  d r i v e s  a two-tooth clutch which in  tu rn  d r i v e s  the  bal l  nut- 

s c r e w  shaft .  

half t u r n  i s  allowed before  posi t ive engagement .  

The clutch is sp r ing  loaded for engagement  and a m a x i m u m  of one- 

T h e  two cont ro l  r o d s  that  a r e  not provided with a n  ove r r id ing  movement  fo r  

regulat ion,  will  be d r iven  a t  a s ingle  speed with a s ingle  moto r  under manual  

cont ro l  ( F i g .  3 7 ) .  

reduct ion dr iv ing  a t  r ight  angles  through m i t e r  g e a r s .  

is  used  and the d r i v e s  a r e  removed m e r e l y  by l if t ing f rom the cont ro l  rod  r e c e s s .  

The  r equ i r ed  speed  is obtained using a w o r m  and w o r m  gea r  

The  sp r ing  loaded clutch 

2 .  Development of Cont ro l  Rod E lemen t s  (H. S t r ah l )  - F o u r  centr i fugal ly  

I t  was  r eques t ed  the cyl-  c a s t  cont ro l  rod  r ings  have been rece ived  ( F i g .  38) .  

i n d e r s  be c a s t  i n  s tee l  mo lds  ins tead  of graphi te  molds ,  a s  s e v e r a l  t e s t  ca s t ings  

indicated the  higher  the ca rbon  content,  the  h a r d e r  the m a t e r i a l  became.  

w a s  encountered in removing the finished cas t ings ,  so ul t imately graphi te  molds  

w e r e  used.  

i t e  mold c a u s e s  only a skin effect  which d i s a p p e a r s  when the outs ide is  machined 

Troub le  

F r o m  the ana lys i s  of the finished cy l inders ,  i t  a p p e a r s  that  the graph-  

co s ize .  

8 1  
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'Following i s  a n  a n a l y s i s  of the  finished cy l inders :  

Ni 80.4870* C 0 .10 ,  0.114 

C r  10.00% Si 0.714 

- F e  3. 57704 

B 3.61704 

Mn 0.22 

co 0.684 

T h e s e  c y l i n d e r s  appea r  to be so f t e r  than any fabricated thus  far,  t he  Rock-  

wel l  h a r d n e s s  being C-53.  

One of the cy l inde r s  w a s  the rma l ly  cycled 500 t i m e s  f r o m  400 t o  1200" F 

under  a load of 25 pounds.  

of a cy l inde r  w a s  hea ted  to 1200O F i n  contact  with s t a i n l e s s  s t e e l  to  m a k e  s u r e  

the  two would not s t i ck  toge ther .  

The  d imens ions  w e r e  the same a f t e r  cycling. A piece 

No bonding o r  st icking effect  w a s  obse rved .  

3. Cont ro l  Rod Heat  T r a n s f e r  Exper imen t  (3. D. Howell)  - A s  previously 

d e s c r i b e d  and i l l u s t r a t ed  (NAA-SR-956, p .  49;  NAA-SR-1027, p. 40), the  e x p e r i -  

men ta l  s y s t e m  f o r  the heat  t r a n s f e r  expe r imen t  h a s  been completed.  

l a s t  q u a r t e r  t he  s y s t e m  was  completed and put into operat ion.  

Dur ing  the  

Init ial  r u n s  w e r e  

m a d e  with a nominal  r a d i a l  c l e a r a n c e  between the boron r i n g s  and the  thimble of  

10  mi ls ,  t h e  boron r i n g s  being held concent r ic  with the th imble ,  tube by. m e a n s  of 

s p a c e r  r i n g s  ( F i g .  38-A)'. 

w a s  i n c r e a s e d  to 8. 3 kilowatts p e r  foot ,  and t h e  thimble t e m p e r a t u r e  w a s  va r i ed  

f rom 650 to  825" F; the t e m p e r a t u r e s  w e r e  r e c o r d e d  by thermocouple  imbedded 

i n  the r i n g s  a s  shown in  F i g .  38. 
c e n t r a l  con t ro l  rod of the SRE between points one-half and  t h r e e - q u a r t e r s  t he  

d i s t ance  f r o m  the bottom. 

combinat ion of high hea t  f luxes  and r e l a t ive ly  high thimble t e m p e r a t u r e s .  

P o w e r  input into the  boron r i n g s  (by the g raph i t e  h e a t e r )  
. 1  

T h i s  s imula ted  conditions expected along the 

T h i s  a rea  is cons ide red  the mos t . c r i t i ca1 ,  due  to the  

. .  

Under  t h e s e  conditions the highest  boron r ing  t e m p e r a t u r e  m e a s u r e d  was  

1100" F. 

T h e  next s e t  of r u n s  wil l  be macle wi th  t he  same nominal  annulus ,  but with 

the  b o r o n  r i n g s  held aga ins t  the  s ide  of the thimble.  

t ion of the  r i n g s  i n  the con t ro l  r o d  s ince  they f i t  l oose ly  in  ;he d r a w  tube.  I t  i s  

a l so  the w o r s t  condition f o r  hea t  t r a n s f e r ,  and will ind ica te  whether .diff icul t ies  

with excess ive  ' local t e m p e r a t u r e s  in .  the  r i n g s  m a y  o c c u r .  

T h i s  is the  m o s t  l ike ly  posi-  

* The s e d e t  e r mi na t i  o n s A r e y u a  n t i  t a t i  ve . 'I'h r. r e m a  i ning a naf y s e s a r e s p e c t r o - 
graphic  and a c c u r a t e  to p lus  o r  mincls 10 p e r  cent  of t he  given va lues .  
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B. Safety Device Sys tem-  

ff 1. Bal l  Re lease  Studies ( E .  C.  Phi l l ips ,  E. B. Hecke r )  - A s  previously 

r epor t ed  (NAA-SR-1027, p .  88),  an exper iment  i s  being designed to de t e rmine  the 

r e l e a s e  t i m e  and the manner  i n  which boron s t ee l  ba l l s  would be r e l e a s e d  from a 

s to rage  hopper into a thimble in  the c o r e  of the r e a c t o r .  

designed mocking-up a l l  in te rna l  working p a r t s  a s  shown i n  F i g .  39. 

rachet ing effect of the ba l l s  between the sl iding hopper w a l l  and the in te rna l  tubes 

of the device ,  i t  was  n e c e s s a r y  to add a s leeve  between the hopper  wall  and the 

ba l l s .  

designed and f ab r i ca t ed  of high impact  s t rength  die  s tee l .  

s a r y  because  of s e v e r e  damage  to the re f lec tor  caused by the peening act ion of 

the re turn ing  bal ls .  

The  expe r imen t  w a s  

Due to  a 

A r e f l ec to r  which s e p a r a t e s  the bal ls  f r o m  the air s t r e a m  has  been re- 

This  w a s  found neces -  

Light  compress ion  sp r ings  have been added to the sp ide r  support ing the 

bal l  hopper in  o r d e r  to  i n c r e a s e  the r e l e a s e  speed  following the solenoid act ion.  

The  impor tan t  f ac to r  is  the t i m e  t r a n s f e r  between the r e l e a s e  of the solenoid and 

the a r r i v a l  of the f i r s t  ba l l s  a t  the c o r e  re f lec tor  in te r face ,  which is two fee t  

below the hopper gate.  

f i r s t  bal ls  r e a c h  the bottom of the c o r e  in 805 to 764 mi l l i seconds .  

10 seconds  are  r equ i r ed  to  completely f i l l  the  safety thimble with the boron s t ee l  

b a l l s .  The  hopper  ga te  is  completely open i n  l e s s  than 112 mi l l i seconds .  

e v e r ,  ba l l s  a r e  fa l l ing f r o m  the hopper before  i t  i s  completely open. 

of observ ing  these  m e a s u r e m e n t s  i s  a s  follows: P l a s t i c  windows w e r e  placed 

two fee t  and eight fee t  below the hopper gate .  Since the cen te r  tubes of the Ball 

Safety Device a r e  m a d e  of s t a in l e s s  s t e e l ,  the outer  one was  polished i n  o r d e r  to 

This  tim.e v a r i e s  between 407 and 394 mi l l i seconds .  The 

Approximately 

How- 

The method 

obtain high light ref lect ivi ty .  

placed i n  a housing i n  th i s  p las t ic  sect ion.  

and the exc i t e r  l a m p s  placed next to  them but shielded in  such a way that the 

phototubes could see only l ight re f lec ted  f r o m  the cen te r  tube of the device.  

ampl i f i e r  w a s  designed and cons t ruc ted  to  f e e d  into a dual-  beam osc i l loscope .  

M e a s u r e m e n t s  w e r e  taken of the t ime  between solenoid r e l e a s e  and the i n t e r r u p -  

t ion of the l ight b e a m  a t  e i the r  the two-foot leve l  o r  the eight-foot level .  

hopper  ga te  opening was de t e rmined  by a sens i t ive  sound pickup. 

A s e t  of t h r e e  phototube and exc i t e r  l a m p s  were  

The  phototubes w e r e  placed 120" a p a r t  , 

A n  

The 
c 

An air flow r a t e  of 29.5 c fm and 16 psig r emoves  the ba l l s  in  about  one and 

one half minutes .  

16 psig before  the la tch  air valve opens.  

T.he p r e s s u r e  on the  a i r  piston i n  the la tch  is  h igher  than 
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F i g .  3 9 .  Ball Safety Dev ice  - M o c k - u p  

G&? L(iJ E7;99 i 

Unclassif ied 
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T h e  t e s t s  have been made  with 1 /8- inch  c h r o m e  s t ee l  bear ing  ba l l s .  

a t t empt  to  use  s t a in l e s s  s t ee l  shot with 3 p e r  cent  boron content resu l ted  in j a m -  

An 

ming  and s e v e r e  sco r ing  of the hopper ,  hopper s l eeve ,  and ball  r e t u r n  tube by 

f r a g m e n t s  of the shot  which sha t t e red .  

In  o r d e r  t o  ope ra t e  th'e t e s t  ove r  s e v e r a l  hundred cyc le s ,  a sequence t i m e r  

Th i s  (a)  la tched and s e t  the hopper  w a s  incorpora ted  into the Bal l  Safety Device.  

ga te ,  (b) energ ized  the holding r e l a y ,  ( c )  emit ted air to  l i f t  the  ba l l s  f r o m  thimble 

to  hopper ,  (d ) .de -ene rg ized  the holding r e l ay ,  and ( e )  dropped the balls into the 

thimble.  

2 .  Boron  Stee l  Ball  P r o c u r e m e n t  (A.  E. Mi l l e r ,  W .  J. Hal le t t )  - Inqui r ies  

have been m a d e  to me ta l  and c e r a m i c  ball  manufac tu re r s  to  d e t e r m i n e  the  f e a s i -  

bility of producing boron containing bal ls  sui table  f o r  the Ball  Safety Device.  

addition to having a min imum boron content of 1.  5 p e r  cent  i n  s t ee l  o r  an equiva- . 

lent  weight i n  a c e r a m i c ,  these  1 /8- inch  d i ame te r  ba l l s  m u s t  not s i n t e r  o r  p r e s -  

s u r e  weld under a load of a 10-foot column of ba l l s  a t  1500' F.  Also ,  they m u s t  

be capable  of withstanding impact  aga ins t  the s tee l  r e f l ec to r  when moving with a 

velocity of 100 f t / s e c .  

In 

A sample  batch of 50 pounds of 2 . 9 7  pe r  cent  boron 18-8 s t a i n l e s s  s t e e l  

ba l l s  made  by shotting techniqu'es was  obtained. These  bal ls  w e r e  unsui table ,  as 

they w e r e  nei ther  round,  sol id ,  constant in s i ze ,  nor did they have a continuous 

s u r f a c e .  

p r o c e s s .  Thus ,  i t  a p p e a r s  that  i f  meta l l ic  s p h e r e s  a r e  to be used ,  they will have 

to  be manufac tured  using methods m o r e  near ly  approaching those  used  i n  the 

manufac ture  of bal l  bea r ings  

T h e s e  defec ts  appea r  to be c h a r a c t e r i s t i c  of ba l l s  produced by a shotting 

S tee l  ba l l s  containing 1 . 7  to 2 .  0 p e r  cent  boron a r e  avai lable .  These  

0 . 1 2 5  2 0 .005  inch ba l l s  have a spher ic i ty  to l e rance  of +O. 001 inch.  Pressure  

welding expe r imen t s  will be pe r fo rmed  on 3 / 8  inch s p h e r e s  .of the s a m e  alloy. 

A sample  of 3 / 8  inch ,4pe r  cent  boron nickel ba l l s  fabr ica ted  fo r  Savannah R ive r  

have  been obtained.  

the  vendor is not p re sen t ly  equipped to do  so. 

It  is  fel t  that  1 / 8  inch s p h e r e s  of th i s  a l loy can  be m a d e ,  but 

Thus  far only two manufac tu re r s  capable  of fabr icat ing sui table  c e r a m i c  

A sample  of 1 / 4  inch ba l l s  has  been ba l l s  have indicated in t e re s t  i n  doing so .  

o r d e r e d .  These  ba l l s  w i l l  have a bulk densi ty  of 1. 95  g m / c c  and contain 0. 1 6 g m / c c  

of boron.  
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3 .  Ball S in te r ing  Exper imen t s  ( A .  Omo)  - Ball s in t e r ing  expe r imen t s  p r e -  

viously r e p o r t e d  (NAA-SR-1049) a r e  being continued as  new types  of balls a r e  . 

r e c e i v e d .  T h e  shot  technique balls w e r e  placed under  a n  a t m o s p h e r e  of 5 p s i a  of 

he l ium t o ' t e s t  for p r e s s u r e  welding. Samples  of the  balls w e r e  hea ted  t o  1120 

and  1320O F under  weights  giving p r e s s u r e s  equivalent to  a 7-foot co lumn of balls. 

Since i t  w a s  thought tha t  ni t r iding of the balls would p reven t  s t ick ing ,  ni- 

t r i d e d  s a m p l e s  w e r e  a l s o  t e s t ed  under  the  same conditions.  Nitr iding w a s  accom- 

pl ished by heat ing t h e  ba l l s  to  1075' F i n  a n  a t m o s p h e r e  of anhydrous  ammonia  

f o r  5 h o u r s .  
c 

k 

... 

After  being t e s t e d  under  the above conditions for  21 d a y s ,  none of the 
8 

s a m p l e s  showed any  tendency to  s t i ck  toge ther .  It is probable  tha t  t h e r e  w a s  a 

small  amount  of oxygen in  the  he l ium a tmosphere  s ince  the  weights  and c u p s  i n  

s o m e  of the s in t e r ing  r e t o r t s  showed d isco lora t ion .  

a r e  shown i n  F i g .  40. 

The r e t o r t s  and  ball s a m p l e s  

4. P r e s s u r e  Bonding Tes t s  on Nickel-Boron Alloy - Square  s a m p l e s  of 

t h r e e  types  of nickel boron  w e r e  t e s t e d  for p r e s s u r e  bonding i n  con tac t  with s ta in-  

l e s s  s t e e l  304L samples .  

a t m o s p h e r e  of he l ium.  

weight,  as shown in  Fig. 41. 

' 
T h e  s a m p l e s  w e r e  heated a t  1200" F for  21 d a y s  i n  a n ,  

A p r e s s u r e  of 25 p s i  w a s  held on  the contact  faces  by a 

T h e  n icke l  boron s a m p l e s  w e r e  placed between a l t e r n a t e  s a m p l e s  of 304L 

s t a i n l e s s ,  so tha t  t h e r e  w e r e  two contact  f a c e s  f o r  each  type of metal. 

w a s  no p r e s s u r e  bonding a t  any  of the  contact faces.  

s l ight  oxide coating on the weight and cup 

i n  the  he l ium.  

T h e r e  

T h e r e  s e e m e d  to be a 

which w a s  thought to  be due  to  oxygen 

S a m p l e s  of s t a i n l e s s  304 tubes  and s t a i n l e s s  347 w e r e  also t e s t e d  for  p r e s -  

s u r e  bonding (Fig. 42). 

weights  in  a he l ium a t m o s p h e r e .  

for  a per iod of 21 days .  

t ions .  

film on one  s a m p l e  and a l igh t -g ray  film on ano the r ;  t h i s  w a s  probably d u e  to 

oxygen i m p u r i t i e s  i n  t h e  h e l i u m .  

Tubes  of 304 s t a i n l e s s  w e r e  placed under  347 s t a i n l e s s  

S a m p l e s  w e r e  heated a t  both 1120 and  1320O F 
. 

Nitr ided s a m p l e s  w e r e  also t e s t e d  under  the  same condi- 

None of the  s a m p l e s  showed a n y  tendency t o  weld. T h e r e  w a s  a l ight-blue 
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F i g .  41. Spec imens  and Re to r t  for  P r e s s u r e  Bonding T e s t s  of 

N i c k e l  Boron  A l l o y  and 304L Sta in less  Steel  

Unclassified 
SRP25- 7 8 9  
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F i g .  '42. Reto r t  and 304 Sta in less  Steel Tube Spec imens  f o r  
P r e s s u r e  Bonding T e s t s  

X. SHIELDING 

A .  Top Rotating Shield 

Unclassif ied 
SRP25-78A 

1. A r r a n g e m e n t  (J .  Churchi l l )  - The small r emovab le  plug w a s  increased  

f r o m  16 to 19 inches  i n  d i a m e t e r  and reposi t ioned to allow great ,er  c l e a r a n c e  
. I  dur ing  m o d e r a t o r  ce l l  r emova l .  

Two addi t ional  tubes  w e r e  located i n  the rotat ing shield for  neut ron  beam 

expe r imen ta l  fac i l i t i es .  

Tubular  h e a t e r s  w i l l  m e l t  the m e t a l  s e a l  between the r ing  shield and the  

ro t a t ab le  sh ie ld  allowing the  shield to ro t a t e  f r e e l y  without breaking  the  gas  sea l .  

The  bottom of the shield c o n s i s t s  of a l a y e r  of l ead  sandwiched between a 

thin laye'r of s t a i n l e s s  s tee l  on the bottom and a thick l a y e r  of low ca rbon  s tee l  

on top. 

l e s s  s tee l  wool f o r  t h e r m a l  insa la t ion  cover  the bot tom of the  ro t a t ab le  shield.  

Coolant tubes a r e  imbedded i n  the  lead .  Hexagonal c a n s  containing s t a in -  

. .  
9 1  



3 

The o v e r - a l l  th ickness  of the ro ta tab le  shield i s  6 f ee t -9  1 / 2  inches  of which 

5 f ee t -4  inches  a r e  high densi ty  magnet i te  i r o n  o r e  conc re t e .  
N 

@ 
2 .  Radiation Dose Ra te s  a t  Top Surface  of Rotating Shield 

B 
c 

a .  Neutron Dose Rate  a t  the Surface  of the Top Shield (R .  L. Ashley)  

Calcu la t ions  to d e t e r m i n e  the neutron dose  r a t e  at the  su r face  of the top shield 

have been completed.  

data  cons ider ing  6 neutron groups :  

1 kev, 1 kev to 10 ev,  10 ev to t h e r m a l ,  and t h e r m a l .  A smooth c u r v e  d rawn  

through the h i s t o g r a m  .yielded a m o r e  detai led neutron s p e c t r u m .  

e s s a r y  s ince  a l a r g e  f rac t ion  of the total l eakage  was  composed  of neut rons  i n  the 

30 kev to 2 Mev range ,  where  neutron to l e rance  changes by a f ac to r  of about  15.  

The method used was  to plot a h i s t o g r a m  of leakage  neutron 

2 Mev to 30 kev, 30 kev to 10  kev, 10  kev to 

T h i s  was  nec-  

The  neutron d o s e  r a t e  a t  the su r face  of the shield w a s  then computed.  

5 foot 4 inch magnet i te  o r e  conc re t e  shield (231 l b s / f t  ) a dose  r a t e  of 

0 .  3 3  m r e m / h r  was  obtained.  

t hese  ca lcu la t ions  f o r  the highest  energy  group i s  0. 12 c m  . T h i s  value w a s  

obtained by ex t rapola t ing  expe r imen ta l  data  obtained f r o m  m e a s u r e m e n t s  p e r -  

f o r m e d  on the Brookhaven shield.  

For a 
3 

It should be mentioned that the value of Y used in  
- 1  

The s lope of the  neutron at tenuat ion i n  the  

~ c o n c r e t e ,  a f t e r  about the f i r s t  foot, i s  de t e rmined  by this  va lue .  

b .  Gamma Ray Dose  Rate  a t  the Surface  of the Top Biological  Shield 

( R .  C .  G e r b e r )  - Detai led ca lcu la t ions  to obtain the gamma r a y  d o s e  r a t e  a t  the 

s u r f a c e  of the top shield have been completed.  

the r e a c t o r  r e f l e c t o r  a r e  5 fee t  9 inches  of sodium,  10 inches  of t h e r m a l  insu la-  

t ion,  1 inch of s t a i n l e s s  s t ee l ,  1 . 2 5  inches  of lead ,  4 inches  of i r o n ,  and 5 feet  

4 i nches  of magnet i te  o r e  conc re t e  (231 l b s / f t  ).  The s o u r c e s  of g a m m a  rad ia -  

t ion w e r e  analyzed a s s u m i n g  exponential  neutron at tenuat ion through each  of the 

m a t e r i a l s  l i s ted  above,  i so t rop ic  g a m m a  r a y  genera t ion ,  quadra t i c  dose  buildup 

The  shielding m a t e r i a l s  above 

3 

~ 

r f a c t o r s ,  and infinite plane s o u r c e  geomet ry .  The gamma r a y  e m i s s i o n  s p e c t r u m  

was  i n  each  c a s e  grouped to r e p r e s e n t  the  dominant  e n e r g i e s .  

t h e s e  ca lcu la t ions  a r e  tabulated as follows: 

The  r e s u l t s  of 
‘. 
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GAMMA RAY DOSE RATE AT SURFACE O F  T O P  SHIELD 

Source  Gamma Ray E n e r g i e s  (Mev) Dose  Ra te  ( m r l h r )  

Concre t e  c a p t u r e  

I ron  cap tu re  

C o r e  and r e f l e c t o r  

Sodium c a p t u r e  

Sodium decay  

9 . 3 ;  7 .6 ;  6 . 0 ;  3 . 0  

9 .  3; 7. 6; 6 .  0; 3 . 0  

7 .0 ;  5 .0 ;  3 .0  

6 .4 ;  5. 0; 3 .  0 

0 . 2 5  

0 . 0 5  

0.03 . 
0 . 0 2  

2 .76 ;  1 .38  0 .0003  

Total  = 0 . 3 5  

The  s o u r c e s  of e r r o r  i n  the  calculat ion w e r e  examined by placing limits on 

the  mic roscop ic  data  uti l ized in  the a n a l y s i s ,  (e.  g . ,  the  g a m m a  r a y  and  neut ron  

absorp t ion  coeff ic ients  and the  s p e c t r a l  form- of the  cap tu re  g a m m a s )  the pred ic ted  

neut ron  leakage  f r o m  the c o r e ,  s o u r c e  geomet ry ,  e tc .  The  r e s u l t s  ind ica te  that  

the  gamma r a y  dose  r a t e  can be no m o r e  than a f ac to r  of 2 above the  computed 

value no r  a f ac to r  of 10 below th is  value. 

Q 

3 .  Heat Genera t ion  i n  the Top Shield (R.  C .  G e r b e r )  - Calcula t ions  ana lyz-  

ing the hea t  genera t ion  i n  the  top t h e r m a l  and biological sh i e lds  have  been com-  

pleted.  

rad ia t ion  a s  wel l  a s  the hea t  genera t ion .  

ulated below. 

. 

The da ta  f r o m  the previous  sect ion w a s  used to  obtain the  s o u r c e s  of 

The  r e s u l t s  of the  ca lcu la t ions  a r e  tab-  

HEAT GENERATION IN THE TOP THERMAL AND BIOLOGICAL SHIELDS 

2 Heat  Genera ted  ( in  B t u / h r - f t  ) 

Source  i n  T h e r m a l  Shield i n  Biological  Shield 

Sodium cap tu re  

Sodium decay  

I r o n  cap tu re  

C o r e  and r e f l ec to r  

48 

102 

13 

9 
Concre t e  c a p t u r e  - 

Tota l s  172 

0 . 5  - 

1 . 0  ' \ 

0 . 6  ... 

0 . 1  
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B.  Coolant P i p e  T r e n c h  and Gal le ry  Shielding 

1. Genera l  - Layout drawings  have been completed for  the  pipe t r e n c h e s  

i n  the r e a c t o r  building which will c a r r y  the toluene being used a s  an  aux i l i a ry  

coolant .  

i r r a d i a t e d  fuel .  

Toluene l ines  will be used for  cooling the  hot d r y  s t o r a g e  ce l l s  for  

In o r d e r  to  d e t e r m i n e  the shielding r e q u i r e m e n t s  for  the to luene ,  i t  w a s  

n e c e s s a r y  to inves t iga te  the inorganic  m a t e r i a l s  i n  the  toluene.  Spec imens  of 

toluene w e r e  i r r a d i a t e d  in the  North A m e r i c a n  Aviation Inc .  water  bo i le r  r e a c t o r  

to m e a s u r e  the  concent ra t ion  of the i m p u r i t i e s .  

ind ica te  that the r e su l t an t  dose  r a t e s  f r o m  the toluene i m p u r i t i e s  a r e  so  low that 

no shielding will be r e q u i r e d .  

The r e s u l t s  of the  expe r imen t s  

2. Shielding Requi red  for  Gas  L i n e s  and Toluene P i p e s  i n  Ga l l e ry  Shield 

( A .  R .  Vernon)  - The t r e n c h  f o r  g a s  l ines  en ter ing  the sodium ga l l e ry  h a s  been 

examined  to d e t e r m i n e  the r equ i r ed  shielding. 

shielding have been cons ide red .  

g a l l e r y  shield,  may  be covered  with lead to a t tenuate  the  s c a t t e r e d  g a m m a  r a y s  

s t r e a m i n g  up the p a s s a g e ,  o r  the  lower end of the  p a s s a g e  ( in  the g a l l e r y )  may  

be  shielded f r o m  d i r e c t  rad ia t ion .  The  ca lcu la t ions  indicate  that 2 i nches  of lead 

. 
Two a l t e rna t ive  methods  of 

The top of the sea l  box, loca ted  on top of the 

is  r e q u i r e d ' f o r  the  s e a l  box in o r d e r  to r educe  the rad ia t ion  l eve l  to 10 p e r  cent  

of AEC t o l e r a n c e .  In o r d e r  to achieve  a n  equivalent reduct ion i n  the  p r i m a r y  

gamma-radia t ion  reaching  the impor t an t  s ca t t e r ing  reg ion ,  f ive inches  of l ead  

would be r equ i r ed  a round the lower end of the p a s s a g e .  T h e s e  ca lcu la t ions  apply 

for a min imum sca t t e r ing  angle of 60" .  

F o r  p ipes  c a r r y i n g  toluene coolant f r o m  the sodium g a l l e r i e s  i t  was  ca l -  

culated that 3 .75 inches  of lead  w e r e  r equ i r ed  ove r  the  floor t r e n c h  where  the  

pipe ex i t s  f r o m  the shield.  H e r e  aga in ,  the minimum s c a t t e r i n g  angle  is . ,60°.  

If the toluene pipe w e r e  pointing d i r ec t ly  a t  one of the sodium coolant l i nes  i n  the  

g a l l e r y ,  about  8 inches  of l ead  shielding would be r equ i r ed .  

' 

3 .  Radiat ion Level  i n  Ga l l e ry  due to Neutron Leakage  ( A .  R.  Vernon)  - , 

T h e  rad ia t ion  leve l  i n  the g a l l e r y  a r e a  due to induced act ivi ty  f r o m  neut rons  l eak -  

ing through the r eg ions  where  sodium coolant l i n e s  p a s s  through the t h e r m a l  

shield h a s  been  examined.  

the  t h e r m a l  shield i t  was  poss ib le  to e s t i m a t e  the  amount  of activity induced in  

the  g a l l e r y .  Af t e r  s e v e r a l  y e a r s  of continuous r e a c t o r  opera t ion ,  the rad ia t ion  

Using e s t i m a t e s  of the neutron flux and c u r r e n t  a t  
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l eve l  one m e t e r  f r o m  the sodium l ines  was  calculated to be of the o r d e r  of 

2 0  m a / h r .  

i n  the reg ion  of the expansion bellows. 

mine  the rad ia t ion  l eve l  due to induced activity i n  the t h e r m a l  shield.  

of m a s s  t r a n s f e r  f r o m  s t a in l e s s  s tee l  and a l s o  the c o r r o s i o n  of z i r con ium w i l l  

have to be cons ide red  a s  s o u r c e s  of addi t ional  radioact ivi ty .  

It i s  expected that the  rad ia t ion  level  will be g r e a t e r  than this  value 
rc' 
a Calcula t ions  a r e  in  p r o g r e s s  to d e t e r -  

The effects 
p 

a 
r 

XI. REACTOR SERVICES 

A .  I r r a d i a t e d  F u e l  S to rage  Sys t em ( W .  Alderson ,  C .  W .  Cook) 

A new d r y  s to rage  s y s t e m  shown i n  Fig: 43 h a s  r ep laced  the prev ious ly  

d e s c r i b e d  wa te r  s t o r a g e  pond. 

the  r e a c t o r  f loor;  namely ,  fuel s t o r a g e ,  fuel c leaning ,  and new fuel s t o r a g e .  

A l l  c e l l s  a r e  capable  Qf rece iv ing  f u l l  length fuel  e l emen t s ,  cont ro l  m e c h a n i s m s ,  

cont ro l  rod  m e c h a n i s m s ,  o r  any o the r  components  which can  be withdrawn f r o m  

the  r e a c t o r .  The top of a l l  ce l l s  a r e  level  with the  r e a c t o r  loading f a c e  and a r e  

s e r v i c e d  by the  fuel handling coffin. 

T h r e e  d i f fe ren t  types of c e l l s  a r e  ins ta l led  into 

F u e l  s t o r a g e  c e l l s  a r e  provided for  spent  fuel o r  i r r a d i a t e d  e l e m e n t s .  

T h e s e  c e l l s  have a n  ex terna l  toluene cooling s y s t e m  for  r emov ing  the af terglow 

hea t .  

F u e l  c leaning ce l l s  a r e  provided with a water  s p r a y  s y s t e m  f o r  removing  

sodium f r o m  fuel e l e m e n t s .  

New fuel s t o r a g e  ce l l s  s e r v e  the pu rpose  of s to r ing  new e lements '  before  

they a r e  placed i n  the  r e a c t o r .  

c e l l s  for  es tab l i sh ing  the p r o p e r  he l ium a t m o s p h e r e  before  the  new fuel i s  

t r a n s f e r r e d  into the handling coffin. 

Helium and v a c u u m l i n e s  a r e  connected to these  

T h e  shielding r e q u i r e m e n t s  for  the  hot d r y  fuel s t o r a g e  tubes  h a s  been in -  

ves t iga ted .  

i m m e d i a t e  vicinity dur ing  loading and unloading ope ra t ions  would be l e s s  than 

that due to the  p r e s e n c e  of the  loaded fuel handling coffin i tself .  

the  ca lcu la t ions  ind ica te  that the f loor  should contain a t  l e a s t  1. 5 fee t  of m a g -  

neti te o r e  conc re t e  (230 l b s / f t  ).  Also ,  a 4-inch l ead  f lange ,  2 i nches  thick,  

should be  a t tached  to the  bottom of the fuel handling coffin s k i r t .  

The  shielding w a s  a r r a n g e d  such that the rad ia t ion  l eve l  i n  the  

T h e  r e s u l t s  of 

3 

T h i s  shielding 

. 
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a r r a n g e m e n t  i s  such that  the maximum radiat ion leve l  4 feet f r o m  the su r face  

of the coffin would be about 60 m r / h r .  

B. F u e l  E lemen t  Handling Coffin ( R .  0. C r o s g r o v e ,  R. L. Ashley ,  A .  R. Vernon) 

F i n a l  des ign  layout drawings  have been completed on a l l  of the components  

of the fuel e lement  coffin. 

T h e  shielding calculat ions fo r  the sec t ion  of the handling coffin ad jacent  .to 

the ac t ive  fuel have been checked. 

a 9- inch  lead shield was found to be 280 m r / h r .  

shield will r educe  the radiat ion level  a t  the ope ra to r  to ju s t  t o l e rance .  

The  m a x i m u m  dose  r a t e  a t  the ope ra to r  f o r  

A 2 .8  inch thick lead  shadow 

T h e  shielding r e q u i r e m e n t s  fo r  the bottom of the f u e l  handling coffin have 

been invest igated.  

of lead  wi l l  r educe  the dose  r a t e  a t  the  ope ra to r  to about 15 p e r  cent  of AEC 

The r e s u l t s  of p re l imina ry  calculat ions ind ica te  that  4 i nches  

to le rance .  

a t  12 fee t  the intensi ty  is down by about a f ac to r  of 4 .  

the  shielding r e q u i r e m e n t s  f o r  the sect ion of the handling coffin above the f u e l  

a r e  i n  p r o g r e s s .  

f i s s ion  product  act ivi ty  of the fuel and the act ivi ty  induced in  the control. rod  

housing.  

The  d o s e  r a t e  6 fee t  f r o m  the coffin will  be about 12 m r / h r ,  while 

Calculat ions to d e t e r m i n e  

I t  a p p e a r s  that  th i s  port ion of the shield is de te rmined  by the 

The following shielding scheme  f o r  the s ide  of the coffin h a s  been p ro -  

posed:  

a .  

b.  

c .  

d .  

9 .  0 inches  of lead  up to the top of the f u e l  e l emen t  

T a p e r  to 4.0 inches of lead six fee t  above the  fuel  e lement  

T a p e r  to 0. 5 inch of lead  15 fee t  above fuel  e lement  

0 . 5  inch of lead f r o m  15 foot m a r k  to top of coffin 

A l l  of t hese  lead  th icknesses  a r e  i n  addition to the 0.  5 inch s t e e l  of the 

coffin conta iner .  

In addition, a 0. 5-inch shadow shield should be placed above and a 0. 25-inch 

shield below the o p e r a t o r .  

Caloulat ions have a l s o  been pe r fo rmed  r ega rd ing  the u s e  of the  fue l  handling 

coffin f o r  handling the r e a c t o r  s t a r tup  neutron source .  

bery l l ium s o u r c e  of 2 x l o 8  n e u t r o n s / s e c  the dose  r a t e  a t  the o p e r a t o r  will  be  

about 2 .  5 t i m e s  AEC to le rance .  

ulations will cer ta in ly  take place a t  ve ry  infrequent  in te rva ls .  

F o r  an  ant imony- 

Th i s  is  cons idered  adequate  s ince  such manip-  
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C .  Modera to r  Cel l  Handling Coffin ( R .  C r o s g r o v e ,  H. DeWaid, R. L. Ashley ,  

C .  W .  Cook) 

A des ign  h a s  been completed of a handling coffin f o r  removing  and  r e p l a c - .  

ing the  hexagonal modera to r  ce l l s  of the SRE. Some of the poss ib le  r e a s o n s  f o r  

r e m o v a l  and r ep lacemen t  a f te r  the r e a c t o r  h a s  been opera t ing  a r e  the following: 

V i s u a l  inspect ion for  mechanica l  de fec t s  o r  f a i l u r e s  and damage  caused  

by install ing techniques.  

Evaluat ion of probable  usefu l  ce l l  l ife based  o n  chemica l  o r  physical  

de t e r io ra t ion .  

Evaluat ion and r edes ign  of the spacing es tab l i shed  f o r  main tenance  of 

cooling f i lm .  

M e a s u r e m e n t  of t h e r m a l  expansion and deviat ion f r o m  o r ig ina l  toler  - 
* .  

a n c e s .  

( e )  Determina t ion  of the  max imum p e r m i s s i b l e  manufac tur ing  t o l e r a n c e s  

based  on opera t ing  expe r i ence .  -2 

gl I The  a r r a n g e m e n t  of the  coffin i s  shown i n  F i g .  44. The  p r inc ip l e  of coffin 
* 

opera t ion  is  qui te  s imple .  The coffin is posit ioned ove r  the  d e s i r e d  (20-inch o r  

40-inch)  r e a c t o r  plug, and the  plug i s  engaged and l if ted u p  into the coffin. - The 

i n t e r n a l  mechan i sm of the coffin then r o t a t e s  180 d e g r e e s  on the  v e r t i c a l  a x i s  of 

the  coffin. 

the  r e a c t o r  top. 

into the  coffin. The roof plug is then rep laced  in the r e a c t o r .  

moved by the br idge  c r a n e  to the  ce l l  washing a r e a  where  the  ce l l  is r emoved  

f r o m  the coffin. A new ce l l  i s  picked up by the coffin, the coffin i s  posit ioned 

o v e r  the r e a c t o r  plug, the  p lug  is  removed,  and  the new ce l l  i s  cha rged  into the 

r e a c t o r  . 

T h i s  opera t ion  posi t ions the m o d e r a t o r  ce l l  coffin ove r  the  hole  in  

A grapp le  i s  lowered to engage and withdraw the  m o d e r a t o r  ce l l  

The coffin is  then 
9 

Calcula t ions  to d e t e r m i n e  the shielding r e q u i r e m e n t s  f o r  the m o d e r a t o r  

can  r e m o v a l  s y s t e m  w e r e  comple ted .  

the  ana lys i s :  

The  following a s sumpt ions  w e r e  used in  

'3 a.  A l l  fuel i s  removed f r o m  the r e a c t o r  p r i o r  to r emova l  of e i t h e r  the 

20 o r  40-inch plugs.  

The  20-inch and 40-inch plugs i n  the top shield wi l l  not be r emoved  

until a t  l e a s t  48 h o u r s  a f t e r  shutdown. 

The l eve l  of the sodium pool wil l  be dropped to the  top of the modera to r  

b. 

c .  

c a n s .  

9 . 
9 9  
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a 

d .  The ope ra to r  can  never  be posit ioned ove r  a n y  p a r t  of a n  empty shield 

plug hole .  
44 '; 

P e .  The  coffin for  the 40-inch plug, when empty ,  can  never  p a s s ' o v e r  a n  

p 

2 
a 

open plug hole.  

T h e  ope ra to r  is  subject  to g a m m a  radiat ion f r o m  3 sources :  f .  

( I )  a n  open plug hole 

( 2 )  a shielded (withdrawn) plug 

( 3 )  a shielded (withdrawn) modera to r  can 

A l l  shielding calculat ions w e r e  based on the g a m m a  dose  r a t e s  ( in  the  a r e a  

occupied by the  o p e r a t o r )  a t  a height of 3 to  5 fee t  above the  top sh ie ld .  , 

When the ope ra to r  is i n  a posit ion such that  he does  not have a d i r e c t  l ine  

of sight with ' the r e f l ec to r ,  the shielding ove r  the open 40 inch d i a m e t e r  hole 

m u s t  be 1 inch of i r o n  and 4 inches  of lead .  This  w i l l  r educe  the rad ia t ion  leve l  ' 

a t  the o p e r a t o r  to  1 / 3  of AEC to le rance .  

s ca t t e r ing  off the s ides  of the hole and f r o m  a i r  s ca t t e r ing .  

occupies  a posit ion ove r  the empty 40-inch hole ,  he m u s t  be shielded by a t  l e a s t  

1 inch of i r o n  and 9. 7 i nches  of lead.  Mos t  of the d i r e c t  g a m m a . d o s e  r a t e  f r o m  

the  open hole i s  due to radioact ive sodium when the wait  t i m e  is, taken as 

48 hours .  However ,  should a 9-day wait t i m e  be allowed, the m a j o r  contr ibu-  

t ion to the d i r e c t  dose  r a t e  would be f r o m  the act ivi ty  induced in the s t a in l e s s  

s t e e l  f i t t ings located on top of the mo'derator c a n s .  F o r  the  9-day  wait  per iod  

the shielding ove r  the hole should be 1 inch of i r o n  and 7..3 inches  of l e a d .  

l e s s  s t ee l - f i t t i ngs  contr ibute  m o s t  of the sca t t e red  d0s.e. r a t e  for  both wait t i m e s ,  

t h e r e f o r e  1 inch of i r o n  and 4 inches  of lead  a r e  r equ i r ed  when the ope ra to r  is  

not in  d i r e c t  l ine of sight with the r e f l ec to r .  

Mos t  of this  rad ia t ion  c o m e s  f r o m  

If t hesope ra to r  

' .  

. 

Stain- 

' 

The shielding fo r  the 20 and 40-inch plug coffins was  designed to  provide 

a g a m m a  dose  r a t e  of 1 / 3  AEC t o l e rance  a t  t he .ope ra to r  posit ion o r  250 m r / h r  

a t  the su r face  of the coffin, whichever r e q u i r e s  the m o r e  shielding.  The mini -  

m u m  shielding r equ i r ed  f o r  t hese  plugs was  found to  be 

a.. 3 . 5  inches  of lead  o r  1 inch of i r o n  and 3. 1 inches  of l'ead a round the 

bdttom 2 fee t  of the plug. 

b. 2 . 0  inches  of lead  o r  1 inch of i r o n  and 1 .  6 i nches  of lead  f r o m  2 fee t  

to  3 f ee t  f r o m  the bottom 

0 . 4  inches  of lead  o r  1 inch of i ron  f r o m  3 fee t  to  the  top of the plug. c .  
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d .  no shielding i s  needed on top of the plug 

A plate consis t ing of 1 inch of i r o n  and 4 inches of lead should be s i tuated within 

the coffin fo r  the 20-inch plug such that i t  i s  posit ioned near  the bottom of the 

coffin. 

20-inch plug coffin p a s s e s  ove r  2 n  open plug hole.  

the coffin the p la te  will  s e r v e  a s  the  top shield.  

the coffin f o r  the 40-inch plug as  long as i t  will never  p a s s  ove r  an  open p lugho le . )  

/ 

This  will p revent  the ope ra to r  f r o m  being overexposed  when the  empty 

When the plug is  d rawn  into 

(No  such plate is r equ i r ed  i n  

The  shielding fo r  the modera to r  can  coffin was  designed to provide a maxi -  

m u m  g a m m a  dose  r a t e  of 250 m r / h r  a t  the su r face .  

added to  provide a dose  r a t e  of 1 / 3  A E C  to le rance  a t  the o p e r a t o r .  

consis t ing of 1 inch of i r o n  and 4 .  5 inches  of lead is r equ i r ed  both a round and 

on the top of the modera to r  can ,  while a 2 .  75-inch lead shadow shield i s  r e -  

qu i r ed  between the  coffin and the ope ra to r .  

A shadow shield h a s  been 

A shield 

D .  Hot Ce l l s  

T h e  layout of the p r i m a r y  hot ce l l  h a s  been made  compatible  with the  l a t e s t  

A s  a r e s u l t  of th i s ,  the hot ce l l  i s  now underground with hot  d r y  s t o r a g e  design.  

the top su r face  leve l  with the hot d r y  s to rage  sect ion.  

now be  introduced into the hot  ce l l  through a hole i n  the cei l ing (F ig . -45 ) .  

fuel  coffin will  be used fo r  th i s  operat ion.  

The fuel  e l emen t s  wi l l  

The 

A me ta l lu rg ica l  hot ce l l  has  been at tached to the s ide  of the p r i m a r y  hot . 

ce l l .  Th i s  will  be used f o r  polishing, etching, and .meta l lographic  s tud ies  of 

f u e l  spec imens .  T h e r e  will be spec imen t r a n s f e r  m e c h a n i s m s  between the  ce l l s .  

The me ta l lu rg ica l  hot ce l l  h a s  one pa i r  of m a s t e r  s lave man ipu la to r s  and 

the  p r i m a r y  hot ce l l  h a s  two m a s t e r  s lave  manipula tors  plus  a 1000 pound br idge  

c r a n e .  

c r e t e  ( 2 3 1  l b / c u  f t ) .  

The meta l lurg ica l  hot ce l l  will have 3-foot w a l l s  of magnet i te  o r e  con- 

The  p r i m a r y  hot ce l l  wal l s  wi l l  be 3 . 5  feet  thick.  

E. Radioactive Liquid Waste  Disposa l  Sys tem (F. W .  .Dodge) 

The  method and equipment fo r  the d isposa l  of i r r ad ia t ed  l iquid was te  has  

The major change r e s u l t s  been reviewed and modified during the pas t  q u a r t e r .  

f r o m  the el iminat ion of the fuel s t o r a g e  pond and the use  of d r y  s t o r a g e  tubes.  

Th i s  g rea t ly  r educes  the volume of liquid which m u s t  ,be handled.  

of the s tudy was  to provide the s imples t  and m o s t  economical  a r r a n g e m e n t  with 

the provis ion  fo r  instal la t ion of separa t ion  and concentrat ion equipment i n  the fu tu re .  

The  object ive 
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Insofar  as  poss ib le ,  high act ivi ty  was te  will  be  seg rega ted  from low ac t iv i ty  

w a s t e  l iquids .  

s u m p  tank,  individually moni tor ing  the solut ions,  and then t r a n s f e r r i n g  to the  

T h i s  will  be  accompl ished  by dra in ing  all was te  solut ions into a 

d i sposa l  s y s t e m .  

tank  for f u t u r e  d i sposa l .  

hold-up t anks  to al low for f u r t h e r  decay.  

small shielded con ta ine r s  for f inal  d i sposa l .  

ac t ive  l iquid was te  d i sposa l  s y s t e m  i s  shown i n  F ig .  46. 

Low act ivi ty  l iquids  will be pumped d i r e c t l y  t o  a l a r g e  s torage 

High activity.  solut ions wil l  be  t r a n s f e r r e d  to small 

The  solut ions will  then  be p laced  i n  

A schemat i c  drawing  of the rad io-  

1. F u e l  Cleaning W a s t e  - T h e  chief s o u r c e  of rad ioac t iv i ty  i n  w a s t e  l iqu ids  

wil l  be  the sodium washed off the  d i scha rged  fuel e l e m e n t s  du r ing  the cleaning 

opera t ion .  

t he  f u e l  e l e m e n t s  wil l  be  s t o r e d  for 10  days  after r e m o v a l  f r o m  the r e a c t o r  be fo re  

they a r e  washed with w a t e r .  T h i s  a r r a n g e m e n t  wil l  also p e r m i t  i m m e d i a t e  mon i -  

t o r ing  of the  was te  wa te r  solut ions to d e t e r m i n e  the i r  u l t imate  d isposa l .  

p r o c e d u r e  h a s  the  addi t ional  advantage of de tec t ing  a rup tu red  fue l  r o d  j a c k e t  by 

indicat ing a n  unanticipated amount  of ac t iv i ty  in  the  wash wa te r .  

In o r d e r  t o  a l low the sodium ac t iv i ty  to  d e c a y  to a p r a c t i c a b l e  leve l ,  

T h i s  

2 .  Meta l lu rg ica l  Hot C e l l  W a s t e  - Liquid w a s t e s  from the  Meta l lurg ica l  

Hot Ce l l  wil l  be  i so la ted  from liquid w a s t e s  produced i n  the  fue l  c leaning opera t ion .  

Liquid w a s t e s  from the  Hot L a b o r a t o r y  wi l l  r e s u l t  l a r g e l y  from the  decanning and 

c leaning  of fue l  r o d s ,  and  they will  be m o r e  rad ioac t ive  than w a s t e s  f r o m  the  fue l  

c leaning  opera t ion .  T h e s e  w a s t e s  will  also exis t  i n  a m o r e  concen t r a t ed  volume,  

and  t r a n s f e r  th rough t h e  r e a c t o r  l iquid was te  s v s t e m  would r e s u l t  i n  undes i r ab le  

dilution. In addition, t h e s e  was te s  wi l l  be largely alcoholic, and it is  not fe l t  

d e s i r a b l e  to mix these o rgan ic  w a s t e s  with wa te r .  T h e s e  w a s t e s  wil l  be d isposed  

of i n  small shielded con ta ine r s .  

Low ac t iv i ty  w a s t e s  f r o m  f loor  d r a i n s  and c e l l  decontamination wil l  be  

d i r e c t e d  to the s u m p  tank  f o r  d i sposa l .  
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