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ABSTRACT

The H allam  N u clear  P ow er F a c i l i ty  r ea c to r  s tru c tu re , in ­
cluding the cav ity  l in er ,  i s  d e scr ib ed , and the d es ign  philosophy  
and s p e c ia l  d es ign  r eq m rem en ts  w hich w e re  developed  during the 
p r e l im in a ry  and fin a l en g in eer in g  p h ases  of the p ro jec t  are  

explained .

The s tru ctu re  w as d es ign ed  for 600°F in le t  and 1000°F outlet  
operating  sodium  te m p era tu res  and fab rica ted  of au sten it ic  and 

f e r r i t ic  s ta in le s s  s t e e l s .  Support for the r ea c to r  c o re  com ponents  
and adequate containm ent for b io lo g ica l  sa fegu ard s  w e re  rea d ily  
p rovided  even  though quite c o n ser v a t iv e  d es ign  philosophy w as  

used. The c a lcu la ted  operating  c h a r a c t e r i s t ic s ,  including heat  

gen eration , tem p era tu re  d istr ibu tion s and s t r e s s  l e v e l s  for fu l l -  
power operation , are  su m m a r ized . Shop fa b r ica tion  and f ie ld  
in s ta lla t io n  e x p e r ie n c e s  a re  a ls o  b r ie f ly  re la ted .

R e su lts  of th is  p ro jec t  have e s ta b lish e d  that the sodium  
graphite r ea c to r  p e r m its  p ra c t ic a l  and e co n o m ica l  fab rication  and 
f ie ld  e r e c t io n  p ro ced u res ;  co n s id era b ly  h igher  operating  d esign  

t e m p er a tu r e s  a re  b e l ie v e d  p o s s ib le  without ra d ica l  design  ch an ges .  
A lso ,  la r g e r  rea c to r  s tr u c tu r es  can be s im i la r ly  c o n stru c ted  for 
higher ca p a c ity  (300 to 1000 Mwe) nuclear  power plants.
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I. INTRODUCTION

The H allam  N uclear  P ow er  F a c i l i ty  (HNPF) p roject i s  the f i r s t  power plant 
v e r s io n  of the Sodium Graphite R eactor  (SGR) concept w hich w as authorized  by 

the A tom ic  E n ergy  C o m m iss io n  (AEG) and w as constructed  at H allam , N ebraska. 
This p ro jec t  began in  N ovem ber  1957, w ith  the b a s ic  objective  of dem onstrating  
the econ om ic  and tech n ica l  p r a c t ica b il ity  of the SGR concept for cen tra l station  

pow er.

Separate  p r im e  co n tra c ts  w e r e  drawn betw een  the AEG and A tom ics  
International (AI), B ec h te l  C orporation , P e ter  Kiewit Sons', I n c . ,  and C on­
s u m e r s  P u blic  P ow er  D is tr ic t  of N eb rask a  for the H N PF project. A tom ics  
International, under its  p r im e  con tract ,  w as  resp o n s ib le  for the p re lim in a ry  
and fin a l d es ign  and in s ta lla t io n  of the r ea c to r  s tru ctu re , with the exception  of 
the ca v ity  l in e r .  The B ec h te l  C orporation  w as resp o n s ib le  for the final e n g i­
n eer in g  of the cav ity  l in e r ,  w hich  is  an in teg ra l  part of the building substructure .  
The B a ld w in -L im a -H a m ilto n  C orporation  w as  aw arded a subcontract by AI for  
the fa b r ic a t io n - in s ta l la t io n  of the rea c to r  s tructure . The contract for the fa b r i­
cation  and in sta lla t io n  of the cav ity  l in er  w as aw arded to the H enry P ratt C o m ­
pany by P e te r  Kiewit S on s',  Inc. , who w a s  r e sp o n s ib le  for the fa c i l i ty  c o n s tr u c ­
tion  su p erv is io n .

The H N PF  rea c to r  s tru c tu re  i s ,  in  m any b a s ic  r e s p e c t s ,  s im ila r  to the 
Sodium  R eactor  E xp er im en t (SRE), w hich  w as  a ls o  d es igned  and con stru cted  by 

AI. The SRE rea c to r  s tru ctu re  e n c lo s e s  a 6 -f t  ac t ive  co re  com p ared  to a 13 .5-  
ft d iam eter  a c t iv e  c o re  for H NPF. The corresp on d in g  rea c to r  v e s s e l  d iam eters  
a re  11 and 19 ft.

The purpose  of th is r ep o rt  i s  to d e scr ib e  the H N PF rea c to r  s tru ctu re , in ­
cluding the ca v ity  l in er  and b io lo g ica l  sh ie ld in g , indicating the engineering
c r i t e r ia  w hich w ere  developed  during the p re l im in a ry  and final d esign  of th ese

3
com ponents. A com panion rep o rt  d e s c r ib e s  the b a s ic  c r i te r ia  for sh ie ld ing  and 
m ethods of ca lcu la tio n  for the gam m a, neutron flux, and heat generation  d is t r i ­
butions. This rep o rt  d e s c r ib e s  the ex p ec ted  full power operating tem p era tu res ,  
and s t r e s s  d istr ibutions w ith in  the rea c to r  s tru ctu re . In addition, a b r ie f  s u m ­
m a r y  of the shop fab rica tion  and f ie ld  e re c t io n  ex p e r ie n c e s  is  given.

N A A -S R -7 3 6 6
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II. DESIGN FEATURES

C erta in  g en era l  d es ign  c r i t e r ia  w e r e  e s ta b lish e d  for the rea c to r  structure .  
T h ese  are:

1) P rov id e  f ir m  support and a llow  accu ra te  p os it ion ing  of the co re  c o m ­
ponents in  re la t io n  to the loading face  sh ie ld .

2) Adequate sh ie ld in g  m u st  be provided  to p ro tec t  the operating p e r s o n ­
nel fro m  nu clear  radiations fro m  the rea c to r  co re .

3) The rea c to r  v e s s e l  m u st , in  addition to contain ing the c o re  and the 

liquid sodium  coolant, provide in le t  and outlet p len u m s, so that the 
flow of sod ium  coolant can be p rop er ly  d irec ted  through the co re .

4) To contain  the liq \iid  sod ium  coolant in  the event of a lea k  in the  
r ea c to r  v e s s e l  or the p r o c e s s  p ipes lo ca ted  betw een  the rea c to r  

v e s s e l  and the p r im a ry  b locking v a lv e s .  The lo s s  of sod ium  fr o m  the 

r ea c to r  v e s s e l  m u st  be l im ite d  such that the outlet n o z z le s  w i l l  be 
su b m erg ed  and coo lan t flow through the c o re  m aintained.

5) An in er t  gas ov er  the pool of liquid sodium  m u st be m aintained. The 

e sc a p e  of e ith er  liquids or g a s e s  fr o m  the rea c to r  cav ity  and the e n ­
tran ce  of m o is tu r e  into the r ea c to r  ca v ity  m u st  be prevented.

6) T h erm al in su la tion  and sh ie ld in g  m u st be provided  to pro tec t  the c o n ­
c r e te  s tru c tu re  of the fa c i l i ty  fro m  e x c e s s iv e  heat generation  and  
te m p er a tu r e s  fr o m  the h ig h -tem p era tu re  r ea c to r  com ponents and to 
keep the heat l o s s e s  from  the rea c to r  at a low le v e l .

A s tru c tu re  having s ix  m ajor com ponents  w as developed  to fu lf i l l  th e se  
o b jec t iv e s .  T h ese  com ponents  are  in d icated  in F ig u r e s  1 and 2 as the loading  
face  sh ie ld , r ea c to r  v e s s e l  and in ter n a ls ,  outer v e s s e l ,  th erm a l sh ie ld s ,  su p ­
port s tru c tu re ,  and the ca v ity  l in e r  and diaphragm  sea l .

The top opening of the r ea c to r  ca v ity , c a l le d  the upper ca v ity  l in er ,  supports  
the loading fa ce  sh ie ld . The top su r face  of the loading face  sh ie ld  i s  at the o p e r ­
ating floor  le v e l .  The rea c to r  a tm osp h ere  i s  s e a le d  fro m  the operating  a r e a  by 

a fro zen  m e ta l  s e a l*  around the p er ip h ery  of the loading face  shield .

*Cerrobend^ A llo y , c o n s is t in g  of lead , cadm ium , tin, and b ism u th , w hich f r e e z e s  
at 158°F

tR e g is t e r e d  T rade M ark of C errod e  P a s c o  C orporation .
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F ig u r e  1. H N P F  R e a c to r  S tru c tu re

I m m e d ia te ly  b e lo w  the lo a d in g  fa c e  s h ie ld  i s  the  r e a c to r  c o r e  w h ich  i s  im m e r s e d  

in  l iq u id  so d iu m . The c o r e  i s  su p p o r te d  in  the r e a c to r  v e s s e l  and a l ig n e d  to the  

load in g  fa c e  s h ie ld  by a g r id  p la te  and a d ju s ta b le  c o r e  c la m p s .  T h e r m a l s h ie ld s  

a r e  lo c a te d  in  the annulus b e tw e e n  the r e a c t o r  v e s s e l  and the ou ter  v e s s e l .  The  

v e s s e l s  and th e r m a l  s h ie ld s  a r e  su p p o r ted  f r o m  the c a v i ty  foundation  by the  

r e a c to r  su p p o rt  s t r u c tu r e .  The c a v i ty  i t s e l f  i s  s e a le d  by the c a v i ty  l in e r ,  w h ich  

ex te n d s  in to  th e  p ip e  g a l l e r i e s  to the v ic in i ty  o f  the p r im a r y  loop  b lock in g  v a lv e s .

N A A -S R -7 3 6 6
3



Icn
I

~ J
U >

O '
O '

LOADING FACE EL. 1 4 4 0  6
U PPER CAVITY LINER 

( 1 9 - 1 0 "  ID)

EL. 1432 6

E L . 1 4 2 0  0
COOLING P IP E S  

P I P E  CHASE

NOTES

1 4 - 7

PIPE  TUNNEL

P IP E  OUTLET 
DIAPHRAGM SEAL 

■ - 0 " I D )

E L  1 3 9 4 ' 7 "

1. UPPER  CAVITY LINER SUPPORTS 
LOADING FACE SHIELD

2. STRUCTURE WILL BE GAS TIGHT

3. ALL SURFACES WILL BE COOLED 
WITH r 'P IP E S

4. CAVITY LINER WILL BE COMPLETELY 
SURROUNDED BY BIOLOGICAL 
CONCRETE

F ig u r e  2. H N P F  C a v ity  L in e r



At th is point the cav ity  diaphragm  s e a l  i s  p rovided  to sep a ra te  the a tm osp h eres  
of the rea c to r  ca v ity  and the pipe g a l le r ie s .  D eta iled  des ign  fea tu res  of each  

of th ese  com pon en ts  a re  d e sc r ib e d  in  fo llow ing  pages .

A. LXDADING FACE SHIELD

The loading fa ce  sh ie ld  p rov id es  the b io lo g ica l  sh ie ld ing  and the rad ioactive  

gas b a r r ie r  above the rea c to r  c o r e .  The nom inal dose rate  of 0 .75 m r e m /h r  at 
the loading face  at fu ll power w as  sp ec if ied .  In order to ach ieve  the req u ired  
sh ie ld in g  and yet  m ain ta in  rea so n a b le  manvifacturing to le r a n c e ,  the loading face  

sh ie ld  w as  d es ign ed  as a s in g le - s te p p e d  plug, 19 f t -2  in. in d iam eter  above the 
s tep  and 18 f t -6  in. in  d iam eter  below  the step . This i s  the m in im u m  diam eter  
that w i l l  a llow  rem o v a l  of the o u term o st  m o d e r a to r -r e f le c to r  e lem en ts .  The 

low er  gap betw een  the sh ie ld  and ca v ity  l in er  is  loca ted  over  the sodium  pool 
and not d ir e c t ly  over  the gap b etw een  the rea c to r  v e s s e l  and the th erm al shield .  
The a v era g e  gap b etw een  the sh ie ld  and the l in er  is  1 /4  in. w ith a m axim um  of 
3 / 8  in. The o v e r a l l  depth of the loading face  sh ie ld  i s  7 ft -3  in.

R e f le c t iv e  in s iila t ion  c o n s is t in g  of 13 Type 304 s ta in le s s  s te e l  (SS) sh eets  is  
attached  below  the 1-in . bottom  plate  of the loading face  sh ie ld  to d e c re a se  the 
coo lin g  load  in the sh ie ld . The sh e e ts  a re  sp a ced  2 3 /3 2  in. apart. The bottom  

sh ee t  is  16 gage and the rem ain in g  a re  22 gage. T h erm al sh ie ld ing  i s  provided  
by the bottom  plate of the loading face  sh ie ld  and a 1 - 1 /2 - in .  la y er  of lead  
poured on top of the bottom  p late . Im bedded in  the lea d  are  the sh ie ld  cooling  

pip es  w hich  c a r r y  n itrogen  coolant. Above the lea d  is  5 ft 10 in. of iron  lim onite  
c o n c re te  having a d en sity  of 265 lb / f t .  The iro n  (s te e l  punchings) lim onite  
c o n c re te  w a s  s e le c te d  b ec a u se  of i t s  high density  and the ab ility  of lim on ite  to 
reta in  25% of its  in it ia l  w ater  content when e lev a ted  to r e la t iv e ly  high te m p e r a ­
tu re  (500°F).

T here  a re  th ree  la r g e  c irc u la r  p lugs in the loading face  sh ie ld  for rem oving  
m od erator  and r e f le c to r  e le m e n ts .  The plugs a re  ap p rox im ate ly  58 in. in  

diam eter  at the top and a r e  s in g le  stepped. The average  rad ia l gap of th ese  

plugs is  3 /3 2  in. T here  a re  a ls o  208 pen etration s  for co re  e le m e n ts ,  each  of 
w hich  is  ~ 6 in. in d iam eter  and s in g le  s tepped  with an a verage  rad ia l gap of 
1 /1 6  in.
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B. REACTOR VESSEL AND INTERNALS

The r ea c to r  v e s s e l ,  w hich  i s  a ttached  to the upper cav ity  by the b e llo w s ,  
contains the r ea c to r  c o r e ,  i t s  a s s o c ia te d  pool of liquid sod ium , and the sodium  
vapor and h e liu m  gas a tm o sp h ere  above the liquid pool. It a lso  a c ts  as  the  

surge tank for the p r im a ry  s y s te m . The v e s s e l  i s  19 ft in d ia m eter  and 33 ft 
long, the bottom  of the v e s s e l  i s  2 in. th ick , w h erea s  the s id e  w a ll  th ick n ess  
i s  as  r eq m red  to w ithstand the operating  lo a d s .  T h erm a l shock  l in e r s ,  1 /4  in. 
Type 304 SS, a r e  provided in the rea c to r  v e s s e l  in  the r eg io n  of the c o re  and 
at the in le t  and outlet n o z z le s .  The v e s s e l  w as  m anufactured a ccord in g  to the 

b e s t  known p r a c t ic e s ,  em ploying  a l l  p r a c t ic a l  m ea n s  of n o n -d es tru c t iv e  
testin g .

The rea c to r  v e s s e l  w a ll  th ick n ess  at the var iou s  e lev a t io n s  of the v e s s e l  
w as la r g e ly  d e term in ed  by the loads in  that reg ion . The w a ll  of the rea c to r  
v e s s e l  i s  d es ign ed  to r e s i s t  an ex tern a l p r e s s u r e  of 5 p s i ,  in  addition to the in ­
ternal h yd rosta tic  p r e s s u r e .  A short d is tan ce  above the gr id  plate support ring  
the v e s s e l  w a ll  i s  red u ced  fro m  the two in. of the low er  plenum  to 3 / 4  in. The 
p r im a ry  load on the rea c to r  v e s s e l  w a ll  at th is  point i s  the h y d rosta tic  p r e s s u r e  
of the sodium . The r eg io n  around the outlet n o zz le  of the rea c to r  v e s s e l  is  

2 in. th ick  in  order  to r e s i s t  the piping r e a c t io n s .  The w a ll  th ick n ess  betw een  
the outlet n o z z le  and the b e l lo w s  is  1 in. T his  i s  due to the req u irem en t that 
the v e s s e l  w a ll  be capable  of r e s i s t in g  the 5 -p s i  ex tern a l p r e s s u r e .

In ord er  to m ainta in  the a lign m en t of the r ea c to r  v e s s e l  during an e a r th ­
quake or in the event of a v ar ia t ion  in the c o e f f ic ie n ts  of fr ic t io n  on the bearing  
su r fa c es  supporting the v e s s e l ,  a lign m ent keys a r e  provided. The a lignm ent  
keys for the rea c to r  v e s s e l  a re  con n ected  to the bottom  head. T h ese  k eys  fit  

into keyw ays w hich  a re  con n ected  to the outer v e s s e l  and then into the rea c to r  
fovindations.

Sodium fr o m  the in term ed ia te  heat ex ch a n g ers  en te r s  the in le t  p lenum  fro m  
th ree  return  l in e s  (one per  loop). A gr id  p late , w hich  sep a ra te s  the in le t  plenum  

from  the v e s s e l  above , r e s t s  on a support led ge  in  the rea c to r  v e s s e l .  The grid  
plate i s  a lso  supported  by the m od era tor  e lem en t  support rods . The support  
rods ac t  as  ten s io n  rods holding the gr id  plate  and bottom  togeth er  w hen at o p e r ­
ating p r e s s u r e .
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The n o z z le s  for the p r o c e s s  tubes extend through the gr id  plate into the 
p r o c e s s  channels  to provide the flow  paths fr o m  the in le t  to the rea c to r  core .
The low er  end of the fuel e lem en ts  s l ip  into the p r o c e s s  tube n o z z le s .  P is ton  
r in gs  on the fuel e lem en t  p rov id es  the joint betw een  each p r o c e s s  tube nozz le  

and the fu el e lem en t.

A lo w - p r e s s u r e  sod ium  in le t  lin e  supp lies  m od erator  coolant to the plenum  

betw een  the b a se  o f  the m o d era to r  and r e f le c to r  e lem en ts  and the grid  plate.
This m od erator  coolant f low s upward, past the m od erator  and r e f le c to r  e lem en ts ,  
and c o re  e le m e n ts ,  to the upper p lenum  w h ere  it  m ix e s  with the sodium  flowing  

fr o m  the p r o c e s s  ch an n els .  T h ree  outlet n o z z le s  (one per loop) are  provided  in  

the upper plenum  of the rea c to r  v e s s e l .

The r ea c to r  v e s s e l  i s  s e r v e d  by th ree  other l in e s .  One line loca ted  in the 

upper portion  of the v e s s e l  s e r v e s  as  a supply for the h e liu m  cover  gas and a 

secon d  in  the sa m e  reg io n  s e r v e s  as  a vent. Another l in e ,  extending to the b o t­
tom  of the v e s s e l ,  i s  u sed  for draining the v e s s e l .

S in ce  the rea c to r  v e s s e l  i s  e s s e n t ia l ly  a f la t  b ottom -op en  top v e s s e l  su p ­
ported  at the bottom , a l lo w a n ces  had to be provided  for the d ifferentia l th erm al  
exp an sion  betw een  the rea c to r  v e s s e l  and the ca v ity  lin er  to which it is  sea led .  
This connection  w a s  a ch iev ed  through the u se  of a 2 0 -ft d iam eter  expansion  

joint w e ld ed  to the r ea c to r  v e s s e l  and upper cav ity  l in er .

C ore c lam p s provide la te r a l  support at the top of the m od erator  e lem en ts  
and m aintain  proper  a lign m ent of the m od era tor  e lem en ts .

C. OUTER V ESSEL AND THERMAL SHIELDS

The outer v e s s e l  surrounds the rea c to r  v e s s e l .  The in let  and outlet sodium  
pip es penetrate  the outer v e s s e l  but a re  not a ttached to it. The guard pipes  
surrounding th ese  sod ium  pipes term in a te  at and a re  attached to the outer v e s s e l ,  
th ereb y  provid ing a path into the outer v e s s e l  for any sodium  which m ight leak  
fro m  the sod ium  pipes ser v in g  the r ea c to r  v e s s e l .

Mounted d irec t ly  below  the bottom  of the outer v e s s e l  are  heater  e lem en ts  

which m ainta in  rea c to r  tem p era tu re  during pro longed  shutdowns and aid in p r e ­
heating the rea c to r  s tru ctu re . The h e a te r s  a re  backed with a p o lish ed  s ta in le s s  

s te e l  sh ee t  w hich a c ts  as  r e f le c t iv e  insu lation .
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The outer v e s s e l  l im it s  the drop in sod ium  le v e l  in the r ea c to r  c o re  in the 

even t of a m ajor sod ium  leak . If th ere  w as a rupture so s e v e r e  that sodium  
leakage  coxild low er  the sod ium  operating  le v e l  uncontrollab ly , the outer v e s s e l  
w ould re ta in  th is  sodium  and preven t the sod ium  le v e l  in the r ea c to r  v e s s e l  from  

dropping below  the outlet n o z z le s .  T his  i s  provided  so that the rea c to r  a f t e r - 
flow heat can a lw ays  be c a r r ie d  aw ay by natural th erm a l convection . A lso ,  
should a lea k  occu r  anyw here w ith in  the ca v ity , guard p ip es  a re  p rovided  to 

c a rr y  the sod ium  to the bottom  of the outer v e s s e l .

T h erm al sh ie ld in g  is  provided  in the annulus betw een  the outer v e s s e l  and  
the rea c to r  v e s s e l .  The p u rp ose  of th is  sh ie ld in g  is  to pro tec t  the co n cre te  

s tru ctu re  surro\inding the r ea c to r  ca v ity  fr o m  dam age due to heat gen erated  by 

gam m a ra y s  and neutron radiation  e sca p in g  fro m  the r ea c to r .  No th erm al  
sh ie ld  i s  req u ired  at the bottom  of the r e a c to r .  The co n cre te  foundation below  
the rea c to r  i s  adequately  p ro tec ted  fro m  overh eatin g  due to the attenuation of 

nuclear  radiation  by the sh ie ld in g  e f fec ts  of the sod ium  in the lo w er  plenum , the  
tank bottom s and s t e e l  support s tr u c tu r es .  T h erm a l in su la tion  is  p la ced  in s id e  
and around the r ea c to r  support p e d es ta ls  to red uce  the tra n sfer  of heat to the 
co n cre te  and red u ce  the h ea t lo s s  fr o m  the rea c to r .

In addition to the th erm a l in s ii la t ion  aroiond the outer v e s s e l  and the rea c to r  
support p e d e s ta ls ,  th erm a l in su la tion  i s  p rov ided  at the top of the cav ity  and 
e ls e w h e r e  as needed  to p reven t the ex p o su re  of the c o n cre te  to high te m p e r a ­
tu res .  The th er m a l s h ie ld s  and th erm a l ins \ila t ion , in  addition to protecting  

the co n c re te  fr o m  overh eat in g , d e c r e a s e  the heat l o s s e s  from  the rea c to r  by 
cau sin g  heat to be tr a n s fe r r e d  back  into the rea c to r  and sodium  coolant.

D. SUPPO RT STRUCTURE AND CORE HEATERS

A f ir m  and l e v e l  support s tru c tu re  is  provided  for both the outer v e s s e l  
(which in  turn supports the r ea c to r  c o re  v e s s e l )  and the th erm a l sh ie ld s .  The 
support s tru c tu re  i s  in the fo rm  of m any sh ort  p ip es ,  standing on end as  c o l ­
um ns, w ith  a com bination  sh im  and cap on the top. The cap w as m ach in ed  to 
provide any sh im m in g  req u ired  for le v e l in g  of the v e s s e l s  and th erm a l sh ie ld s .  
The p e d e s ta ls  a re  w e ld ed  to the ca v ity  l in er .

The c o re  p reh e a te rs  a re  u sed  to bring the rea c to r  s tru ctu re  and m od erator  
e lem en ts  up to ~ 3 50°F b e fo re  sod iu m  is  adm itted  to the c o re .  The h ea te r s  are
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r em o v e d  b e fore  the sodium  i s  adm itted . The h ea te r s  a re  e n c lo se d  by carbon  
s te e l  tubes to p reven t dam age to the m od erator  e lem en ts  during in ser t io n  and 
do not have sh ie ld  plugs s in c e  it  i s  not ex p ected  that they w i l l  be u sed  after  the 

in it ia l  heating. The rea c to r  a tm o sp h ere  i s  s e a le d  by an expandable rubber s ea l  
at the top of the e lem en t.  S ince  the p reh e a te rs  cannot be handled by the fuel  
e lem en t  handling c a sk , the r ea c to r  a tm o sp h ere  w i l l  be opened m o m en ta r i ly  dur­
ing in se r t io n  and w ithdraw al.

E. CAVITY LINER AND REACTOR CAVITY DIAPHRAGM SEAL

The p r e v io u s ly  d e sc r ib e d  rea c to r  s tru c tu re  com ponents are  loca ted  within  

the rea c to r  cav ity , w hich  is  s e a le d  at the top by the loading face  shield . A 
s te e l  ca v ity  l in er  i s  p rov id ed  w hich  extends into the pipe tunnels to the g a lle ry  
diaphragm  s e a l s .  The ca v ity  l in er  p rov id es  a g a s - t ig h t  envelope betw een the 
r ea c to r  ca v ity  and the ou ts id e  c o n c re te  s tr u c tu r es  and sh ie ld s .  This envelope  
is  n eed ed  to p reven t m o is tu r e  from  en ter in g  the r ea c to r  cav ity  as  w e l l  as to e n ­
c lo s e  the dry h e liu m  a tm o sp h ere  surrounding the rea c to r  structure  and v e s s e l s .  
The lin er  a lso  w i l l  contain  any sodium  vapors  in the c a se  of a leak  from  the 

r ea c to r  v e s s e l  or the p r im a ry  piping, in ter io r  to the blocking va lves;  or, i f  the 

c ir c u m sta n c e  a r i s e s  w h ere in  a lea k  o c cu rs  in both the rea c to r  v e s s e l  or p r i ­
m a ry  piping and the outer v e s s e l  a n d /o r  guard piping, the cav ity  lin er  w i l l  b e ­
com e  the final containm ent b a r r ier  for the sodium .

The ca v ity  l in er  is  c o o led  to r em o v e  heat gen erated  in the co n cre te  and 
ca v ity  l in er  by the attenuation of the rad ia tion  from  the rea c to r  as  w e l l  as  

se n s ib le  heat. C ooling is  prov ided  by w ater  c ircu la tin g  through pipes on the 

e x te r io r  su r face  of the l in er .  The coo lant piping i s  1-in. -d ia m e te r .  Schedule 80, 
A S T M -A -1 0 6  Grade A. The pipe i s  a ttached  to the cav ity  lin er  with a m axim um  
p e r m is s ib le  lo c a l  gap of 1 /1 6  in. b etw een  the pipe and the l in er .  T hree p a ra lle l  

coolant loops  a re  provided , each capable  of handling the en tire  cooling  load.

The rea c to r  ca v ity  diaphragm  se a l  is  p rovided  to m aintain  a g a s -t ig h t  b a r ­
r ie r  b etw een  the pipe tunnel and the rea c to r  cav ity . In this capacity , the d ia ­
phragm  se a l  m u st  be capable  of r e s i s t in g  an app lied  p r e ssu r e  of 10 psig  and the 

piping r e a c t io n s .  The outlet sodium  lin e  during n orm al operation  is  at a t e m ­
peratu re  of a p p rox im ate ly  945°F w hich  c a u s e s  la r g e  expansions of the piping. 
T h ese  expansions  w ould c a u se  la r g e  piping r ea c t io n  loads in the diaphragm sea l  
i f  i t  w ere  not for the use  of a b e llo w s  expansion  joint connection  at that point.
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The b e llo w s  absorb  th ese  expansions without the res ii lt in g  high s t r e s s e s  in the 

diaphragm  se a l .  A b e llo w s  i s  not req u ired  on the in le t  sod ium  line; c o n s e ­
quently, the la r g e s t  piping r ea c t io n s  to the diaphragm  sea l  occu r  at th is  point.

The co n cre te  b io lo g ica l  sh ie ld in g  surrounding the cav ity  lin er  i s  ord inary  

c o n cre te .  In g en era l ,  the th ick n ess  of the co n c re te  i s  d ictated  p r im a r ily  by 
sh ie ld in g  co n s id e ra t io n s .  The tem p era tu re  due to heat generation  in the c o n ­
c r e te  b ec a u se  of the gam m a ray and neutron attenuation w il l  be m in im iz e d  by 
cooling  the co n c re te .  The coo lin g  s y s te m  c o n s is t s  of p ipes a ttached  to the 

ex ter io r  of the cav ity  l in er  as  d e sc r ib e d  above. This coo ling  s y s te m  w i l l  l im it  
the m ax im u m  co n cre te  tem p era tu re  to ~ 175°F. The co n c re te  i s  d es ign ed  to 

take the m ech a n ica l  loads due to the w eight of the r ea c to r  s tru ctu re  and the  

th erm al loads due to heat generation . The s t r e s s  i s  l im ite d  to 1350 p s i  in the
c o n cre te  and to 20,000 p s i  in the re in fo rc in g  s t e e l ,  in  accord an ce  w ith  the ACI

4
building sp e c if ica t io n s .
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III. DESIGN CRITERIA AND EXPECTED OPERATING CHARACTERISTICS

D esign  of the com pon en ts  of the r ea c to r  s tru ctu re  em p h a s iz e s  sa fe ty  and 

p r a c t ic a l i ty  of fab rica tion . This i s  n e c e s s a r y ,  not only from  the standpoint of 
m in im iz in g  h azardous con d it ion s , but b eca u se  of the m e a s u r e s  req u ired  for  
rep a ir  after  operation  b eg in s .  It i s  of the u tm ost  im p ortance  that in tegr ity  and 
u se fu ln e s s  of the rea c to r  s tru ctu re  be m ain ta ined  through a ll  the antic ipated  and 
unanticipated  (or casualty ) operating  conditions; the secon d ary  con s id era t ion  is  
ec o n o m ic s .  H ow ever , the m o s t  eco n o m ica l  d es ign  w as s tr iv ed  for. In a ll  
c a s e s ,  co n s id era t io n  w as  g iven  to f e a s ib i l i ty  and con stru ction  and erec tio n  

p r o ced u res .

C om ponents of the rea c to r  s tru c tu re  n o rm a lly  in  contact with liq\aid sodium  
a re  m ade of Type 304 SS to provide  for c o r r o s io n  r e s is ta n c e  and strength. The 
excep tion s  a re  the loading face  sh ie ld  and c o re  c lam p a s se m b ly  w here  a fe r r it ic  

s ta in le s s  s t e e l  w as u sed  b e c a u se  of i t s  low c o e f f ic ien t  of expansion. Type 405  
w a s  ch osen  b e c a u se  its  w e ld in g  c h a r a c t e r is t ic s  a re  better  than th ose  of m o s t  

other f e r r i t ic  s ta in le s s  s t e e l s .  T hose  com ponents not norm ally  in  contact with  
sod ium  a re  m ade of carbon or low a l lo y  s te e l .

A c o n ser v a t iv e  s tru ctu ra l d es ign  w as  a ch iev ed  by m aintaining r e la t iv e ly  low  
s t r e s s  l e v e l s  w ith in  the r ea c to r  s tru ctu re  com p on en ts , a s  w e l l  as  m in im iz in g  

the d egree  and number of s t r e s s  r a i s e r s .  A ll  the known p re -o p era t io n a l  and  

op eration a l loading  conditions w e r e  in co rp o ra ted  into the a n a ly se s  for the 

r ea c to r  s tru c tu re  and the la te s t  d es ign  a n a ly s is  m ethods w e r e  u sed  to evaluate  
the e ffec t  of th ese  loading conditions. W henever a c r i t ic a l  com ponent w as c o n ­
s id e r e d  too c o m p le x  for in v es t ig a t io n  by ana ly t ica l m eth od s, exp er im en ta l p r o ­
g ra m s  w e r e  c a r r ie d  out.

The d es ign  c r i t e r ia ,  w hich  a re  in co rp o ra ted  in the ASME B o iler  Code,
4

S ection  VIII, w e r e  u sed  to eva luate  sa fe ty  of the rea c to r  v e s s e l  for the m e c h a n i­
c a l  load s . The s t r e s s  in ten s ity  due to d es ign  va lues  of in tern a l p r e s s u r e ,  m e ­
ch an ica l f o r c e s ,  or  their  com binations (based  on the av era g e  s t r e s s e s  a c r o s s  
the th ick n ess  of any sec t io n  and n eg lec t in g  s tru c tu ra l d iscon tin m ties  and s t r e s s  

concentration) w e r e  l im ite d  by the a llow able  te n s i le  va lu es  given by the ASME
4

B o ile r  and P r e s s u r e  V e s s e l  Code.
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The peak s t r e s s  in ten s ity  at any loca tion  due to des ign  p r e s s u r e ,  m e c h a n i­
ca l  f o r c e s ,  pipe r e a c t io n s ,  or th e ir  com b in ation s , including the e ffec ts  of any  
s tru ctu ra l d iscon tin u it ies  (but not s t r e s s  co n cen tra tio n s) ,  w ere  l im ite d  to one
and o n e -h a lf  t im e s  the a llow able  t e n s i le  va lues  as  g iven  by the ASME B o iler  and

4
P r e s s u r e  V e s s e l  Code.

A ll  th erm a l s t r e s s e s  w e r e  c o n s id e r e d  as  tra n s ien t  conditions and tr e a ted  in
accord an ce  with the m eth od  outlined in  the "Tentative S tructural D esig n  B a s is

5
for R eactor  P r e s s u r e  V e s s e l s  and D irec t ly  A s s o c ia te d  C om ponents". The

6 7AISC sp e c if ica t io n s  and the ACI B uild ing Code w e r e  u se d  w h ere  app licab le .

The th er m a l d es ig n  c r i t e r ia  for the bottom  support s tru c tu re ,  the top and 

s ide  sh ie ld s ,  and the in su la tio n  w e r e  b a sed  on m aintain ing c o n cre te  te m p e r a ­
tu res  g e n e ra l ly  below  175°F. The te m p er a tu r e s  of other m a te r ia ls  w e r e  kept 
below  th e ir  p r a c t ic a l  u se  l im it ,  and heat g en era ted  fro m  ab sorp tion  of gam m a  
ray and neutron  rad ia tion s  w a s  retu rn ed  to the r ea c to r  to the m a x im u m  p o s s ib le  

extent.

The sh ie ld in g  d es ig n  w as  b a se d  on fu l l - t im e  occupancy of the r ea c to r  room  
during n orm al operation . The bulk sh ie ld in g  w a s  d es ign ed  to l im it  the radiation  

l e v e l  at the loading fa ce  sh ie ld  top su r fa ce  to 0 .75  m r e m /h r  for an im p erfo ra te  

sh ie ld . W here th ere  a re  pen etration s  through the sh ie ld in g  and w h ere  gaps,  
ducts, or vo ids  e x is t ,  the sh ie ld in g  i s  d es ign ed  to l im it  the rad iation  l e v e l  to the 
to lera n ce  l e v e l  (7.5 m r e m /h r ) .

In addition to the above g en era l  r e q u ir e m e n ts ,  additional c r i t e r ia  w e r e  
e s ta b lish e d  for sa fegu ard s  and n o rm a l operation . T h e se  a re  further deta iled  
below .

A. SAFEGUARDS REQUIREMENTS

S p ec ia l d es ign  c r i t e r ia ,  r e la t iv e  to the containm ent of r ea c to r  l iq m d s and  

g a s e s ,  w e r e  a ls o  e s ta b l ish e d  to a s s u r e  sa fe ty  to the o p era to rs  and the g en era l  
public. T h ese  are:

1) R eactor  op era tion  w i l l  be p o s s ib le  with m inor sod ium  lea k a g e  from  

the c o re  v e s s e l  or p r im a ry  piping into the outer v e s s e l  a n d /o r  a s s o c i ­
ated  guard p ip es .
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2) Continued rea c to r  op eration  w i l l  not be a llow ed  in the event of a m ajor  

sod ium  leak.

3) R eactor  operation  i s  p o s s ib le  with m inor gas lea k a g es  from  the co re  
v e s s e l ,  excep t for leak age  through the top sh ie ld . The m axim um  
p e r m is s ib le  gas  leak age  rate  fro m  the loading face  sh ie ld  is

0.11 ft^ /day .

4) E ven  though p r e s s u r e s  in the r ea c to r  v e s s e l  grea ter  than the cover  
gas p r e s s u r e  (2 f t -6  in. H2O p r e ssu r e )  a re  not exp ected  due to the 

in h eren t shutdown fe a tu re s  of the SGR c o r e ,  m axim u m  p r e s s u r e  c o n ­
tain ing ab il ity  i s  provided.

5) The outer v e s s e l  and a s s o c ia te d  giaard p ip es , in  the event of a sodium  

lea k  in ter io r  to the p r im a r y  loop blocking v a lv e s ,  a s su r e  that natural 
con vect ion  flow  through the c o re  can be m aintained.

6) Only s m a ll  quantit ies  of sod iu m  vapor w i l l  be p erm itted  in the reactor  

cav ity , ex tern a l to the rea c to r  v e s s e l  and in ter ior  to the rea c to r  

ca v ity  diaphragm  se a l .  M a ter ia ls  in  th is sp ace  m u st be com patib le  
w ith th is s m a l l  am ount of sod ium  vapor.

7) B e c a u se  of c r i t e r io n  3 above, com patib le  a tm o sp h eres  m u st be m a in ­
ta in ed  in  the r ea c to r  v e s s e l  and ca v ity  l in er .

8) A ll  of the p r im a ry  sod ium  on the rea c to r  s ide  o f  the b locking v a lv e s  

and w ith in  the b lock ing v a lv e s  i s  provided  with secon d ary  liquid  
containm ent.

9) T h ere  a r e  at l e a s t  two m ainta inab le  b a r r ie r s  betw een the rea c to r  
g a s e s  and the a tm o sp h ere  of the rea c to r  room  o f the fac il ity .

10) The m ax im u m  p e r m is s ib le  leak age  rate  fro m  the rea c to r  cav ity  is
3 3 101.37 ft /d a y  and the d es ign  leak age  ra te  i s  1 ft /day .

3
The m ax im u m  p e r m is s ib le  gas leak age  ra te  (0.11 ft /day) fro m  the loading  

fa ce  sh ie ld  is  b a se d  on a s s u m e d  fa ilu re  of one p ercen t of the fu el rod  cladding, 
one p ercen t  f i s s io n  gas r e l e a s e  fro m  the fu e l,  two air changes per hour in  the 
rea c to r  build ing, and a p e r m is s ib le  con cen tration  of noble gas f i s s io n  product  

act iv ity  in  the building of not g rea ter  than 1 x 1 0 ^  p c / c c .
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3
The m a x im u m  p e r m is s ib le  gas leak age  rate  (1.3 ft /day) fro m  the rea c to r  

cav ity  i s  a ls o  b a se d  upon the above conditions but further a s s u m e s  leak age  

through the other reg io n s  in  the rea c to r  s tru ctu re  and the dilution of the gaseou s  

f i s s io n  products by the ca v ity  l in er  a tm o sp h ere .

B. NORMAL OPERATION, INCLUDING PREHEATING

Rotation of the loading face  sh ie ld , i f  n e c e s s a r y ,  w i l l  only take p lace  when  

the rea c to r  i s  shut down and fuel e lem en ts  rem oved . This should be an in f r e ­
quent operation  and w i l l  be req u ired  only for rem o v a l  of m od erator  a n d /or  
re f le c to r  e lem en ts  and p o s s ib ly  for rea c to r  c o re  r e p a ir s .  This op eration  c o n ­
s i s t s ,  e s s e n t ia l ly ,  of ro ta tion  of the sh ie ld  to p lace  one of the th ree  la rg e  
m od erator  rem o v a l  plugs into p o s it io n  above the e lem en t  to be rem o v ed . The 

sh ie ld  r e s t s  on r o l le r s  w hich  p ro v id es  support at a l l  t im e s  and p e r m its  r o ta ­
tion. Guide r o l le r s  a r e  p rov id ed  to m ain ta in  sh ie ld  a lign m en t and co n cen tr ic ity  
during rotation . To rotate  the loading fa ce  sh ie ld , a l l  c o re  e le m e n ts ,  i .  e. , 
fu el, dummy, s o u r c e ,  tem p era tu re  in stru m en t,  l iq u id  le v e l ,  con tro l connecting  

rod  connector  a s s e m b l i e s ,  e tc .  , m u st  be rem o v ed . The h o le s  in  the sh ie ld  
through w hich  th ese  e lem en ts  w e r e  in s e r t e d  m u st be p ro p er ly  c lo se d  w ith  

plugs provided  for th is  u se .  The coo ling  l in e s ,  e le c t r ic a l  and in stru m en ta tion  
lead s  to the loading face  sh ie ld  m u st  be d isco n n ected  as w e l l  as  the ones to the 

m od erator  r em o v a l  plug that i s  to be rem o v ed . The fr o z en  m e ta l  s e a l  at the  
p er ip h ery  of the loading face  sh ie ld  m u st  be m e lte d  by m ea n s  of i t s  e le c tr ic  
h e a te r s .  The sh ie ld  i s  then read y  to ro ta te . It i s  e s t im a te d  that it  w i l l  req u ire  

a fo r c e  of about 6000 lb app lied  at the p er ip h ery  to rotate  the sh ie ld . The sh ie ld  

i s  rotated  by attach ing ca b le s  to two of the g u s se t  s t i f f e n e r s  on the sh ie ld  su p ­
port ring. The ca b le s  a re  run through sh e a v es  m ounted tangent to the p er ip h ery  

of the sh ie ld  and attached to the 15-ton  hook on the building cran e.

The in it ia l  c o re  and s tru c tu re  p reh eatin g  w i l l  be a c c o m p lish e d  u s ing  in -  
c o re  h e a te r s  and the rea c to r  v e s s e l  bottom  h e a te r s .  During rea c to r  shutdown  
the rea c to r  v e s s e l  bottom  h e a te r s  w i l l  be u sed  to m ain ta in  the rea c to r  te m p e r a ­
ture . In ord er  to m in im iz e  th erm a l d is to r t io n  the tem p era tu re  of the lo w er  p o r ­
tion  of the conta inm ent v e s s e l  s h e l l  m u st  not e x c e e d  ±50°F r e la t iv e  to the av era g e  
tem p era tu re  of i t s  head , and the lo w er  portion  of the r ea c to r  v e s s e l  s h e l l  m u st  
not e x c e e d  ±3 5°F r e la t iv e  to the a v e ra g e  tem p era tu re  of its  head. The m ax im u m  

AT b etw een  any two poin ts in  the head  of e ith er  v e s s e l  m u st  not e x c e e d  85°F.
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The in it ia l  preheating  of the rea c to r  w i l l  be done w ith the v e s s e l  dry prior  

to f i l l in g  the s y s te m  w ith sodium . P reh ea tin g  w i l l  be done using the in - c o r e  

h e a te r s  and one se t  (30 kw) of the bottom  h e a te r s .  T here i s  a total of 54 in -  
c o re  h ea ter  units. T h ir ty -th r ee  h e a te r s  with a total heat output of 48 .8  kw are  
a rran ged  in two r in gs  in  the m od era tor  can  reg ion . S ix h ea ter  units with a 
to ta l heat output of 29.3 kw a re  p rov id ed  in  the upper plenum. F ifteen  heater  
units w ith  a tota l heat output of 9.6 kw a r e  provided  in  the in let  plenum . The 
33 m od era tor  can reg ion  h e a te r s  a r e  turned on \mtil the rea c to r  v e s s e l  w a ll  
opp osite  the m od era tor  can  r e a c h e s  330°F (~ 200 hr); then the o u term ost  row of 

m od erator  can  h ea te r s  i s  turned off. The inner row of m od erator  can h ea te r s  
i s  le f t  on until the inner m o d era to r  cans rea ch  app rox im ate ly  3 50°F; then they  
a re  turned off. The s ix  h e a te r s  in the upper plenum  and the 15 h ea te r s  in the 

low er  p lenum  a re  turned  on and off as  n e c e s s a r y  to keep the rea c to r  v e s s e l  w a ll  
tem p era tu re  uniform  over  its  length . The bottom  h ea ters  are  turned on and off 
as n e c e s s a r y  to keep  the tem p era tu re  d if feren ces  in the low er  reg io n s  of the 

containm ent v e s s e l  and the rea c to r  v e s s e l  w ith in  the l im it s  given above.

During pro longed  shutdown of the rea c to r  the tem p eratu re  o f  the c o re  and 

s tru c tu re  w i l l  be h e ld  at 350®F by u se  of the bottom  h e a te r s .  The connected  

heat output of the bottom  h e a te r s  i s  60 kw with 12 spare  h ea te r s  (30 kw).

Heat gen era t ion  d istr ibu tion s for fu ll  power operation  in the rea c to r  s t r u c ­
ture  com ponents a r e  shown in  F ig u r e s  3 and 4. The b a s is  for th ese  r e s u lt s  are  
given  in r e fe r e n c e  3. H eat gen era t ion  d istr ibu tion  for the loading face  sh ie ld  is  

shown in  F ig u re  5.

C. COMPONENT REQUIREMENTS

B a s e d  upon the above d es ign  c r i t e r ia  the exp ected  operating conditions for 

each  m ajor  com ponent a re  g iven  in  the fo llow ing  sec t io n s .

1. Loading F a ce  Shield

The nu clear  radiation  at the top su r fa ce  o f  the loading face  sh ie ld  w i l l  be  

due to e ith er  d irect  penetration  o f the sh ie ld  or s trea m in g  through the gaps s u r ­
rounding the nu m erou s p lu gs. Calc^llations have shown that the radiation  le v e l  
due to d irect  penetration  (for gam m a rays  or neutrons) i s  m uch l e s s  than the 

d es ign  l im it  of 7.5 m r e m /h r .  The sh ie ld  th ick n ess  i s  n eed ed  p r im a r ily  to p r o ­
v ide su ff ic ien t  length for the attenuation of s trea m in g  through the various gaps.
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C alciila tions in d ica te  that rad iation  s trea m in g  through the gaps around the plugs  
is  qmte s m a ll  (0.7 5 m r e m /h r ) .  T h ese  ca lcu la tion s  w e re  b ased  on a s in g le  plug 
and a s s u m e  that th ere  w i l l  be a m inor cu m u lative  e ffect  due to the la rg e  number  
of such p lugs. The s trea m in g  dose  rate  through the 1 /4 - in .  gap surrounding the 
loading face  sh ie ld  i s  about 2.0 m r e m /h r ,  w hich is  below  the design  l im it  of
7.5 m r e m /h r .  The induced a c t iv ity  of the n itrogen  coolant is  as  follows:
C^^-5.3  X 10  ̂ [jLc/cc-yr and -8 .1  x  10^ p c /c c  b ased  on 0.1% argon im purity.  
T h ese  a c t iv i t i e s  p r e se n t  no p rob lem  e ith er  fro m  a hazards standpoint or from  

in c r e a s e d  rad iation  l e v e l s .

The b a s ic  s tru c tu ra l  loads c a r r ie d  by the loading face  sh ie ld  include the 
dead w eight of the sh ie ld  i t s e l f ,  the w eight of the fuel and m isc e l la n e o u s  e l e ­
m en ts ,  the con tro l rod c a r r ia g e ,  and the dynamic loading im p o sed  by the c o n ­
tr o l  rod s . In addition, the loading face  sh ie ld  c a r r ie s  the im p act loading of the 
fu el handling m ach in e  m ovab le  sh ie ld  during the fuel handling seq uence. The 

var iou s  com bin ations of th e se  loadings im p o se  la rg e  bending m om en ts  causing  
c o m p r e s s io n  in  the sh ie ld  top su r fa ce  and ten s io n  in  the bottom. The sh ie ld  
s tru c tu re  i s  a cco rd in g ly  d es ig n ed  as  a r e in fo r ce d  co n cre te  plate.

The a llow ab le  r e in fo rc in g  s t e e l  s t r e s s  i s  20,000 p s i  ( in term ediate  grade  
s te e l  b a sed  on the ACI Build ing Code^ req u irem en ts  for r e in fo rced  con crete ) .

The e ffec t  of the la r g e  m od erator  rem o v a l  plug h o les  on the r e d is tr ib u ­
tion  of the p late  bending m om en ts  w as  d eterm in ed  by a s e r ie s  of te s t s  on a o n e-  
tenth s c a le  m o d el a lum inum  plate. The p u rp ose  of th is  m odel tes t in g  p r o c e ­
dure w as  the a ccu ra te  d eterm in ation  of the s t r e s s  d istribution  around the com p lex  
g eo m etry  of the th ree  la r g e ,  e c c e n tr ic ,  m o d e r a to r -r e m o v a l  plug h o les .  The 

e ffec t  of the fu el plug h o le s  on the co n cre te  d es ign  a llow able  s t r e s s e s  w as a lso  

d eterm in ed  e x p er im en ta lly .  The m ax im u m  c o n cre te  c o m p r e s s iv e  s t r e s s  due to 
the downbending condition i s  530 p s i ,  w hile  the m axim u m  re in forc in g  s te e l  t e n ­
s i le  s t r e s s  i s  18,000 ps i.  The m in im u m  factor  of sa fe ty  is  2.2 b ased  on yield ing  
of the re in fo rc in g  s te e l .

F or  a p o s it iv e  in tern a l p r e s s u r e  of 50 p s ig ,  the m axim um  co n cre te  c o m ­
p r e s s iv e  s t r e s s  w as c a lcu la ted  to be 820 p s i  and the re in forc in g  s te e l  te n s ile  
s t r e s s  i s  37 ,300 ps i .

The m ax im u m  v e r t ic a l  d e flec t ion  of the sh ie ld  for down-bending due to all  
the b a s ic  lo a d s ,  including im p act loading due to the fuel handling m achine
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m ovable sh ie ld , w as ca lcu la ted  to be 0 .004  in. as  a low er  l im it  and 0 .029 in. as  
an upper l im it .  The fo r m e r  value i s  app licab le  w hen the co n c re te  is  un cracked  

and the la tter  i s  app licab le  when the c o n c re te  i s  fu lly  cracked .

The sh ie ld  i s  supported  by a s ide  s h e l l  w hich fr a m e s  into a ring g ird er ,  
which in  turn r e s t s  on a to ta l of 40 r o l l e r s .  The r o l le r  bearing  a llow able  load  
w as b a se d  on m a n u fa c tu rer 's  r eco m m en d a tio n s .  The a llow able  b earing  s t r e s s  
on the h ardened  ro ll in g  su r fa c e  of the r ing g irder  w as b a sed  on co n ser v a t iv e  

p r a c t ice .  R e la t iv e ly  low u sa g e  w as  an tic ip ated  which a llo w ed  h igher  than n o r ­
m a l d es ign  s t r e s s e s  for the b e a r in g s .  The m ax im u m  bending s t r e s s  in  the r ing  

girder w as  ca lcu la ted  to be 19,600 p s i  (co m p ress io n ) .  The m ax im u m  sta tic  

bearing  s t r e s s  on the r o l le r s  i s  142,000 psi; the b ear in g  s t r e s s  when ro ll in g  is
98,000 p s i .  Since a hardened  ro ll in g  su r fa ce  i s  a ttached  to the r ing g ird er  and 
the r o l le r s  a re  a lso  hardened , no s ig n if ica n t  br in e ll in g  i s  expected .

The top and bottom  p la tes  of the sh ie ld  a re  e s s e n t ia l ly  n o n -s tru c tu ra l  
com pon en ts , in asm u ch  as they  do not r e s i s t  the p r im a ry  bending m o v em en ts  in  
the sh ie ld . They do s e r v e  a secon d ary  s tru c tu ra l  purpose  in fram in g  c o n c e n ­
tra ted  load s  to th eir  supports  (the s id e  s h e l l ,  fu el plug l in e r s ,  and the edge ring  
g irder) . The unsupported spans a re  such that no e x c e s s iv e  s t r e s s e s  ex is t .
The s ta in le s s  s t e e l  bottom  plate and s id e  s h e l l  are  e s s e n t ia l ly  n on stru ctu ra l  
i t e m s  provid ing conta inm ent for the r ea c to r  a tm o sp h ere  and p rotec tin g  the c o n ­
c r e te  fro m  sodium  vapor. H ow ever , the s id e  sh e l l  does act as  a portion of the 
edge ring g ird er  in  tr a n s fe rr in g  the sh ie ld  dead w eight and the l iv e  loads (i. e. , 
handling equipment) to the r o l le r  b ea r in g s .

The sh ie ld  i s  subject to th erm a l s t r e s s e s  from  the fo llow ing operational  
conditions: startup, shutdown, s te a d y -s ta te  operation , d efrostin g , and lo s s  of
coolant. The e ffec t  of the th erm a l loads  i s  to in c r e a s e  the c o m p r e s s iv e  s t r e s s  
in the c o n c re te  portion  of the sh ie ld  to 390 p s i  and d e c r e a s e  the ten s io n  s t r e s s  

in  the r e in fo rc in g  s te e l .  The m a x im u m  v e r t ic a l  d e flec t ion  of the loading face  
sh ie ld  cou ld  be in c r e a s e d  by 0 .125 in. if  a 15-hr lo s s  of coolant tra n s ien t  o c c u r ­
red. This is  in  addition to the deflec t ion  due to m e ch a n ica l  lo a d s .  Such a 

tra n s ien t  wo\ild ca u se  a c o m p r e s s iv e  s t r e s s  of 35 ,000 p s i  in the bottom  plate.

The coo ling  load  for the loading face  sh ie ld  is  165,000 B tu /h r . T his  heat  
i s  r em o v ed  by the loading face  sh ie ld  coo ling  sy s te m . N itrogen  at a p r e s s u r e  of 
250 p s i i s  u sed  as a coolant. The n itrogen  en ters  the loading fa ce  sh ie ld  at 95“F  

and le a v e s  the sh ie ld  at 135“F. The tota l n itrogen  flow  rate  i s  16,500 lb /h r .
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The m ax im u m  co n c re te  tem p era tu re  in  the loading face  sh ie ld  during 

n orm al operation  i s  165°F in  the m ain  portion  of the sh ie ld  and 175°F in the 

plugs. The 1 - 1 /2 - in .  la y e r  of lea d  above the bottom  plate red u ces  the heat  
gen erat ion  in  the co n c re te  to a n eg lig ib le  amount with the r e su lt  that the te m p e r ­
ature  p ro file  through the co n c re te  i s  l in ea r  fro m  the le a d -c o n c r e te  in ter fa ce  to 
the top of the sh ie ld .

The m ax im u m  tem p era tu re  at the bottom  plate of the r e f le c t iv e  insu lation  
w il l  be 928°F, b a sed  on a 1000°F sod ium  pool tem p eratu re . The tem p eratu re  

d e c r e a s e s  to 165°F at the loading face  sh ie ld  bottom  plate.

The junction of the bottom  plate and side  sh ie ld  i s  subject to th erm al  
cy c lin g  fro m  tra n s ie n t  tem p era tu re  e x cu rs io n s  w hich could resxilt in  th erm al  
d isp la cem en t s t r e s s e s  above the y ie ld  point. The a n a ly s is  accord in g ly  i s  g o v ­
ern ed  by fatigue c r i t e r ia  se t  forth in  the "Tentative Structural D esign  B a s is  for

5
R eactor  P r e s s u r e  V e s s e l s  and D irec t ly  A ss o c ia te d  C om ponents. " The var ious  
i t e m s  con n ected  to the bottom  p late , (s ide  sh e l l ,  s ide  sk irt ,  m od erator  plug 

l in e r s ,  fuel plug l in e r s ,  and re in fo rc in g  rods) w e re  analyzed  for fatigue damage  

s in c e  the cy c lin g  fro m  th erm a l tr a n s ie n ts  r e s u l t s  in d isp lacem en t s t r e s s e s  
above the y ie ld  point. The c r i t ic a l  i t e m s  a re  the attachm ent of the sk ir t  to the 
s id e  sh e ll .  The fatigue dam age fac tor  for the fo rm er  after  50 c y c le s  of a 15-hr  

l o s s  of coo lan t tra n s ien t  i s  0 .143 and i s  0.013 for the la tter  after  100 c y c le s  from  
shutdown to steady  sta te .

M elt ing  of sod iu m  w hich m ay  accu m u la te  after  long periods of t im e  on 

the r e f le c t iv e  insu la tion  plate  i s  a c c o m p lish e d  by in c r ea s in g  the in le t  te m p e r a ­
tu re  of the n itrogen  coolant to 200°F in le t  and adjusting the flow rate to obtain a 
tem p era tu re  o f  not m o r e  than 240“F  outlet. The m axim um  con crete  tem p eratu re  

w hich  w il l  o ccu r  during m elt in g  of fr o z en  sod ium  is  280°F. This wovild occu r  in  
a m od erator  plug. If a l l  13 of the in su la tion  p la tes  are  fro zen  so lid  with sodium ,  
~ 11 hours w i l l  be r eq u ired  for m eltin g . A hot liqm d can be used , i f  n e c e s s a r y ,  
in the upper cav ity  l in er  coo lant p ipes  to m e lt  any sodium  which m ay becom e  

fr o z en  in  the annxilus b etw een  the upper cav ity  l in er  and the loading face  sh ie ld  

and the ca v ity  l in er .  B a se d  on a 10 -hr heating  t im e ,  a heat input of 275,000  
B tu /h r  w i l l  be req u ired .
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2. R eactor  V e s s e l  and Internals

The a x ia l  te m p era tu re  d istr ibu tion  in  the r ea c to r  v e s s e l  fro m  the bottom  

to the top of the sod ium  pool i s  shown in  F ig u re  6 for fu ll power operation . The  
m axim u m  e s t im a te d  tem p era tu re  gradient i s  3 .4°F  per in, o ccu rr in g  ap p ro x i­
m a te ly  1 0 -1 /2  ft fr o m  the bottom . The r ea c to r  v e s s e l  tem p era tu re  at the  

h or izon ta l m id -p la n e  i s  837°F. The a v e ra g e  v e s s e l  tem p era tu re  in  the a c t iv e  

fuel r eg io n  is  819°F and the a v era g e  v e s s e l  tem p era tu re  fro m  the bottom  of the 
v e s s e l  to the b e llo w s  i s  855°F. F ig u re  7 show s the ax ia l tem p era tu re  d is tr ib u ­
tion betw een  the top of the sod ium  pool and the top of the b e llo w s  skirt.

The m a x im u m  rad ia l tem p era tu re  grad ien ts  in the 3 /4 - i n .  -th ick  se c t io n s  
of the r ea c to r  v e s s e l  w a ll  a re  of the o rd er  of 7 to 10°F. The m ax im u m  rad ia l  
tem p era tu re  d if feren ces  in  the 2 - in .  - th ick  s ec t io n s  of the v e s s e l  a re  ~ 14°F.

The m o s t  s e v e r e  tem p era tu re  tra n s ie n t  that coiild occu r  woxild be a 
change in the coo lant tem p era tu re  equal to the coolant tem p era tu re  r i s e  through  
the r ea c to r  (338°F). For the rea c to r  v e s s e l  in le t  a rea  the m ax im u m  change in  

fliaid tem p era tu re  w ould be fro m  607 to 945°F. Above the c o re  the m axim um  

change in f lu id  tem p era tu re  w ould be fro m  945 to 607°F.

a. Low er P len um

The low er  42 in. of the rea c to r  v e s s e l  below  the gr id  p late  fo r m s  the 

in let  p lenum  w h ere  30 p s i  sod ium  i s  r e tu rn ed  fr o m  the in term ed ia te  heat e x ­
changer to the r ea c to r .  T h is  i s  the h ig h e s t - p r e s s u r e  plenum  of the v e s s e l  and  
has a w a ll  th ick n ess  of 2 in. The in le t  p lenum  is  d es ign ed  to r e s i s t  the piping  

rea c t io n s  and an in tern a l p r e s s u r e  of 30 p s i .  The in tern a l p r e s s u r e  i s  due to 
the h y d rosta tic  p r e s s u r e  of the liq\oid sod iu m  and the pump p r e s s u r e .  The 
w eight of the en tire  r e a c to r  v e s s e l ,  in te r n a ls ,  and c o re  m u st  a ls o  be t r a n s ­
fe r r e d  through the bottom  head. The n o rm a l operating  tem p era tu re  of the low er  

plenum  is  607°F. H ow ever , the d es ign  tem p era tu re  u se d  in  evaluating the i n ­
teg r ity  of the r ea c to r  v e s s e l  w a s  ch o sen  a s  1050°F.

The m e ch a n ica l  s t r e s s e s  in  the low er  head  of the rea c to r  v e s s e l  due 

to the tr a n s fe r  of the w eight (~ 761,000 lb) of the c o re  and v e s s e l  a re  m in im iz e d  
by the la r g e  num ber of support pads a ttach ed  to the bottom  head. The support  
pads a r e  a l ig n ed  w ith  the m od erator  can  support ro d s ,  so  that the w eight of the 

m od erator  cans i s  d ir e c t ly  tr a n sm it ted  to the pads without ca u s in g  bending
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s t r e s s e s  in the low er  head. The a llow able  bending s t r e s s ,  b ased  on 1 - 1 /2
4

t im e s  the m em b ran e  a llow able  g iven  in  the ASME Code, Section  VIII, at 
1050°F i s  12,750 ps i .

The th erm a l s t r e s s e s  that r es \ i l t  fro m  n orm al power sw ings w il l  not 
ca u se  any s ign if ican t change in  the s t r e s s  l e v e l s  of th is  portion of the rea c to r  
v e s s e l .  The tra n s ien t  condit ions, how ever have two s ign ifican t e ffe c ts .  The 
f i r s t  of th ese  i s  the s t r e s s  re su lt in g  fro m  the tem p eratu re  distribution  through  

the plate th ick n e ss .  The secon d  e ffec t  i s  that of a red istr ib u tion  of the load that 
the plate c a r r ie s .  This o c cu rs  b eca u se  of the attem pted  upward bowing of the 
plate due to the tem p era tu re  d istr ibution  through the plate th ick n ess .  In this  

c a s e  of th erm a l loading, a true m e a s u r e  of the stru ctu ra l capability  of the plate  
i s  found by fatigue co n s id e ra t io n s .  B e c a u se  of the s im p le  geo m etry  of this e l e ­
m ent, s t r e s s  and s tra in  con cen tra tion s  w e r e  not co n sid ered . The amount of 
dam age and w eakening of the plate  due to th e s e  tran s ien t  conditions is  m e a su r ed  
by a cum  Illative dam age fac tor . The com putations of th is damage factor f o l ­
low ed  the p ro ced u res  a s  g iven  in  the "Tentative Structural D esign  B a s is  for

5
R eactor  P r e s s u r e  V e s s e l s .  " The s t r e s s  due to the th erm a l tra n s ien ts  has  
been  found to be ~ 35 ,000 ps i .  When th is  th erm a l s t r e s s  i s  added to the m e c h a n i­
ca l s t r e s s ,  the to ta l s t r e s s  equals 43 ,700  p s i .  C onsider ing  th is com bination  of 
th erm a l and m e ch a n ica l  s t r e s s  fro m  the standpoint of fatigue fa ilu re , it  w as
found that a rather  substan tia l factor  of sa fe ty  e x is t s ,  s in ce  the dam age factor

5
w as  com puted as ~ 0 .02. This c o m p a res  with the a llow able value of 0.8. 
T h ere fo r e ,  the bottom  head w il l  function sa fe ly  throughout the l i fe t im e  of the 
r ea c to r .

b. V e s s e l  N o z z le s

The in le t  n o zz le  reg io n  of the r ea c to r  structure  i s  perhaps the m o st  

c o m p lex  reg ion  fro m  the s t r e s s  a n a ly s is  standpoint. The com p lex ity  of this  
a r ea  r e s u l t s  fr o m  the c lo s e  in tera c tio n  betw een  the rea c to r  v e s s e l  sh e l l ,  the 

in le t  n o z z le s ,  and the gr id  plate support r ing . This reg ion  m ust be capable of 
r e s i s t in g  the app lied  load s  due to piping rea c t io n s  and hyd rosta tic  p r e s s u r e  and 

the th er m a lly  induced lo a d s .  The m e ch a n ica l  loads due to the piping reaction s  
determ in ed  that the m o s t  h igh ly  s t r e s s e d  in le t  n ozz le  is  the south east one. The 

s t r e s s e s  resu lt in g  fro m  the piping r ea c t io n s  w e re  found to be a m axim um  of
2,000 p s i .  The m em b ra n e  s t r e s s e s  d eve loped  due to the hyd rostatic  and p r e s ­
su re  heads acting  in  the low er  plenum  w e r e  found to be ~ 4 ,300  p s i ,  after the 
app lica tion  of an appropriate  s t r e s s  con cen tration  factor .
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Loads w hich  r e s u l t  fro m  in tern a l p r e s s u r e ,  s e i s m ic  loading, and the
piping r ea c t io n s  w e r e  at com b in ed  s t r e s s  l e v e l s  low  enough to sa t is fy  the r e -

4
qu irem ents  of the ASME B o ile r  Code. The s e i s m ic  load in gs , w hich  are  a p ­
p lied  to the rea c to r  v e s s e l  w a ll  in  th is  reg ion , w e re  com puted using  the U niform  

9
Building Code.

T h erm al s t r e s s e s  a re  developed  by v irtue  of the req u irem en t that 
the low er  p lenum  of the r ea c to r  v e s s e l  be capable  of r e s is t in g  a s tep  change  

from  607 to 945“F. Shortly  after  the introduction  of the 945°F sodium  into the 

low er  p lenum  w hich coiald be c a u sed  by lo s s  of power to the secon d ary  pump 

im p e l le r ,  the tem p era tu re  of the rea c to r  v e s s e l  w a ll  on the low er  plenum  side  
in c r e a s e s  w h ile  the sh e l l  above the gr id  plate r em a in s  at the sa m e  tem p eratu re .  
The e x is te n c e  of the tem p era tu re  d if feren ce  betw een  th e se  two seg m en ts  of the 

rea c to r  v e s s e l  w a ll  r e s u l t s  in  s t r e s s e s  in the v e s s e l  w a ll .  It has b een  found  
that th e se  s t r e s s e s  a re  not a s  la r g e  as  th o se  ex is t in g  at the point w h ere  the  
rea c to r  v e s s e l  in le t  n o zz le  a ttach es  to the rea c to r  v e s s e l  and, th e r e fo r e ,  c rea te  

no prob lem .

The th erm a l s t r e s s e s  d eve loped  in the n o z z le s  due to the above
tra n s ien t  condition induce r e la t iv e ly  high s t r e s s e s .  The resu lt in g  th erm al
s t r e s s e s  w e re  a n a lyzed  on the b a s is  of fatigue co n s id era t io n s  in  a ccord an ce

5
with the "Tentative D esign  B a s is  for R eactor  P r e s s u r e  V e s s e l s .  "

The tota l com bin ed  m ech a n ica l  and th erm a l s t r e s s  w as  found to be a 
m axim u m  at the con n ection  of the in le t  n o z z le  to the rea c to r  v e s s e l  w a ll.  T h e r ­
m al s t r e s s  fatigue a n a ly s is  has shown that the dam age factor r e su lt in g  fro m  the 

sum  of a l l  the antic ipated  tra n s ien t  conditions is  l e s s  than 0.1. This is  l e s s  
than the a llow able  value of 0 .8 , as g iven  in  R e fer e n c e  5.

The outlet n o zz le  reg io n  of the r ea c to r  v e s s e l  m u st  c a r r y  loads r e ­
su lting  fro m  in tern a l p r e s s u r e  and the piping r e a c t io n s .  With a AT of 1 4 .5°F 
a c r o s s  the 2 - in .  -th ick  n o zz le  c o u r s e ,  a des ign  p r e s s u r e  of 10 p s i ,  and piping  

r e a c t io n s ,  the resu lt in g  com bin ed  s t r e s s  i s  5210 p s i .  The w o r s t  tra n s ien t  c o n ­
dition o c cu rs  during a s c r a m  when the pumps fa il  to shut off. T h is  r e s u l t s  in a 
AT of 123°F a c r o s s  the 2 - in .  w a ll  and a m ax im u m  AT of 338°F betw een  the n o z ­
zle  and outlet pipe. The e f fe c t iv e  a ltern atin g  s t r e s s  i s  24,350 p s i ,  w hich w il l  

r esu lt  in n eg lig ib le  fatigue dam age.
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c. R eactor  V e s s e l  W alls

The a n a ly s is  of the r ea c to r  v e s s e l  w a ll  betw een  the upper cav ity  lin er  

and the b e llo w s  c o n s is t e d  of (1) evaluating the th ick n ess  req u irem en ts  to r e s i s t  
a 5 psi in tern a l and ex tern a l p r e s s u r e ,  and (2) evaluating the cap ab il it ie s  of the 

sec t io n  to r e s i s t  the s tra in s  resu lt in g  fro m  the th erm al gradients  during a ll  
p h ases  of r ea c to r  operation .

The req u irem en t that the v e s s e l  r e s i s t  e ither an in ternal or external  
p r e s s u r e  of 5 p s i  d ictated  a w a ll  th ick n ess  of 1 /2  in. The ex is ten ce  of the 5 -p s i  
extern a l p r e s s u r e  d if feren ce , coupled  w ith  the high tem p era tu res  ex is t in g  in  
this reg ion , m ade the 1 / 2 -in . w a ll  n e c e s s a r y  for adequate buckling r e s is ta n c e .

The th erm a l s t r e s s e s  a re  h ig h es t  near the end of the b e llow s sk irt  
w h ere  it  con n ects  to the upper ca v ity  l in er .  The reg io n  of m axim um  s t r e s s  
o ccu rs  w h ere  the Type 304 SS b e llo w s  sk ir t  connects  to the Type 405 SS cylinder  

of the upper ca v ity  l in er .  T h ese  m ax im u m  s t r e s s e s  r e su lt  from  (1) the d is c o n ­
tinuity due to the th erm a l grad ients  along the a x is  of the v e s s e l ,  and (2) the 
differen ce  in the c o e f f ic ien ts  of expansion  of Type 405 and Type 304 SS. The 
"elastic"  s t r e s s  l e v e l s  e x is t in g  h ere  a re  above the y ie ld  strength  of the m a ter ia l .  
H ow ever, the nature of th e se  s t r e s s e s  p e r m its  the evaluation of the structura l  
capability  on the b a s is  of th erm a l s t r e s s  fatigue. The a n a ly s is  fo llow ed  that 
given in R e fer e n c e  3. It w a s  found that the dam age factor , w hich is  a m ea su re  

of the fatigue dam age, i s  l e s s  than 0 .1 . This co m p a res  with the a llow able  value  

of 0.8. ^

d. R eactor  V e s s e l  B e l lo w s

The r ea c to r  v e s s e l  b e l lo w s  p rov id es  for the expansion  of the reactor  

v e s s e l  r e la t iv e  to the rea c to r  cav ity . The a x ia l m ovem en t of the be llow s is  

exp ected  to be ~ 4 in. The n orm al operating  conditions show that the in ternal  
gas p r e s s u r e  acting  on the b e llo w s  w i l l  not be grea ter  than 0.5 ps i .  H ow ever,  

the b e llo w s  is  d es ign ed  for  an in tern a l and ex tern a l p r e s s u r e  of 5 psi.

The rea c to r  v e s s e l  b e l lo w s  is  co n stru cted  of Type 321 SS, which has  
high c o r r o s io n  r e s i s t a n c e ,  co n s id era b le  high tem p era tu re  c reep  strength , and  

can  be fo rm ed  and w e ld ed  e a s i ly .  At in s ta lla t io n  th is  b e llow s w as expanded co ld  

so  that the spr ing  load  on the b e llo w s  w i l l  red u ce  when the rea c to r  i s  at norm al

N A A -S R -7 3 6 6
27



operating tem p era tu re .  T his  p erm its  the b e llow s to operate  at v ery  low s t r e s s  

l e v e l s  at operating  conditions.

D esign  s t r e s s e s  due to com bin ed  e ffec ts  of deflection  and p r e s s u r e
w as l im ite d  to tw ice  the y ie ld  stren gth  at any given tem p era tu re . The bending
s t r e s s  com ponent due to p r e s s u r e  w as l im ite d  to 1 - 1 /2  t im e s  the s t r e s s e s

4
sp e c if ie d  in the ASME B o ile r  and P r e s s u r e  V e s s e l  Code. B a se d  on in form ation  
given in R e fer e n c e  2 and co n s id er in g  a d es ign  tem p eratu re  of 1050°F, bending  
s t r e s s e s  and m em b ran e  s t r e s s e s  in  the b e llo w s  convolution  due to p r e s s u r e  
loading w e re  l im ite d  to 19,600 p s i and 13,100 p s i r e s p e c t iv e ly .  In order  to c o n ­
form  the above l im ita t io n s ,  the b e llow s  w e re  subjected  to an ex ten s io n  of 
2.75 in. by cold springing.

To e s ta b lish  behavior  of the b e llow s  during operation , a s e r i e s  of 
te s t  p ro g ra m s has been  p erform ed . The r e s u l t s  of th ese  te s t s  w e re  com p ared  
with th e o r e t ic a l  va lu es  and w ere  in co rp o ra ted  into the a n a ly s is  and final s e l e c ­
tion of the rea c to r  v e s s e l  b e llo w s .

The ex tern a l p r e s s u r e  i s  the p r im a ry  factor  in  the s e le c t io n  of the 
th ick n ess  of the rea c to r  v e s s e l  b e llow s  sk irt. H ow ever , co n s id era t io n  m u st  be 
given to the th erm a l gradients  in  order  to d e scr ib e  the ca p a b il it ie s  of the sec t io n  
adequately. The tem p era tu re  at the upper cav ity  l in er  is  ~ 150°F, b eca u se  of the 

cooling  c o i ls  p laced  on the ex te r io r  of the cav ity  l in er .  The tem p era tu re  of the 
w a ll  s l ig h tly  above the b e llo w s  i s  e s s e n t ia l ly  the sa m e  as  the sodium  pool t e m ­
perature  of 945°F. The d if feren ce  in tem p era tu re  b etw een  th ese  two points  

r e su lt s  in a rather la r g e  th erm a l gradient. C onsequently , th is  portion of the 
rea c to r  v e s s e l  i s  p a r t icu la r ly  s e n s i t iv e  to the tem p eratu re  changes in  the upper 

plenum. Any tem p era tu re  change in the sodium  pool r e s u l t s  in the f lex in g  of 
the joint connecting the rea c to r  v e s s e l  and the cav ity  l in er .  Inasm uch as the 
m ech a n ica l  s t r e s s e s  are  low , the p r im a ry  d esign  co n s id era t io n s  a re  with r e ­
sp ect  to the cum u lative  fatigue dam age. T his  was eva luated  in acco rd a n ce  with

5
the "Tentative Structural D esig n  B a s is  for R eactor  P r e s s u r e  V e s s e l s .  "

e. Grid P la te

The grid  plate sep a ra tes  the low er  plenum  of the r ea c to r  v e s s e l  and 
the m od erator  coolant plenum . In th is cap ac ity , the plate is  subjected  to 

th erm al, as w e l l  a s  m ech a n ica l ,  lo ad s . The m ech a n ica l  loads r e s u lt  fro m  the 

p r e s s u r e  d ifferentia l a c r o s s  the grid  p late . The s t r e s s e s  resu lt in g  fro m  this
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p r e s s u r e  drop a re  m in im iz e d  by the la r g e  number of m oderator  e lem en t su p ­
port rods connected  to the grid  p late , and r e s u l t  in bending s t r e s s e s  in the 
plate  b etw een  the m od erator  e lem en t support rods of ~ 3000 ps i .  This includes  

a s t r e s s  con cen tration  fac tor  of two to account for the num erous h o le s  in the 
gr id  p late.

S t r e s s e s  are  a ls o  induced in  the plate as  a res \i lt  of the re la t iv e  e x ­
pansion of the va r io u s  com pon en ts  in the rea c to r  v e s s e l .  The re la t iv e  v e r t ica l  
expansion  of the rods c a u s e s  bending and d istortion  in the gr id  plate adjacent to 
the grid  plate support r ing . It i s  ca lcu la ted  that the m axim um  bending s t r e s s  in  
the plate due to th is  ac tion  is  ~ 27 ,500 ps i.

The m ech a n ica l  loads r e s u lt  fro m  a p r e s s u r e  d ifference  betw een the 
low er  p lenum  and the upper plenum . The d es ign  p r e s s u r e  d ifference  i s  ~ 17 psi.  
B ec a u se  the g r id  plate and the m o d era to r  can support rods are  c lam p ed  to each  
other, the span of the p late  to r e s i s t  th is app lied  p r e s s u r e  i s  not v ery  large .
The a llow able  bending s t r e s s  u sed  at 1050°F w as  12,750 p s i ,  which is  b ased  on

4
1.5 t im e s  the ASME Code a llow able.

T h erm al s t r e s s e s  could  be included  in the grid  plate as  a r e su lt  of an 
a s su m e d  tra n s ie n t  tem p era tu re  change fro m  607 to 945°F occu rr in g  in  the low er  
plenum . The th erm a l s t r e s s e s  d eve loped  in  the plate from  the th erm a l shocks  

a re  due to the gradient through the p late  th ick n ess  and the bending s t r e s s e s  

w hich a re  d eveloped  at the outer edge of the gr id  plate due to the expansion of 

the m od erator  e lem en t  support rods . The bending s t r e s s e s  r e su lt  from  the 
m od erator  e lem en t  support rods in c r e a s in g  in length at a ra te  grea ter  than the  
w a lls  of the rea c to r  v e s s e l .  S in ce  the gr id  plate is  bolted  to the rea c to r  v e s s e l  

w a ll  through a gr id  p late  support r in g , the r e la t iv e  m otion  betw een  the grid plate  
and its  support r ing  r e s u l t s  in bending s t r e s s e s  in the grid  p late. It w as found 
that the e la s t ic  s t r e s s e s  due to th is  th erm a l shock  w e re  in e x c e s s  of the y ie ld  

strength . C onsequently , it  w as n e c e s s a r y  to evaluate  the e ffe c ts  of th is th erm al  
shock on the b a s is  of th erm a l s t r e s s  fatigue. The a n a ly s is  has shown that the 
resu lt in g  dam age factor  for a l l  the tra n s ie n t  conditions antic ipated  is  low er than 

0.1 . The a llow able  value as g iven  in R e fer e n c e  3 is  0.8. C onsequently , the grid  

plate  w i l l  m ain ta in  i t s  s tru c tu ra l  in teg r ity  throughout the l i f e t im e  of the reactor .

The low er  gr id  plate r e s t s  on and i s  bolted  to the grid  plate support 
ring  such that s lid in g  can occu r. In ord er  to m in im iz e  the leak age  of sodium
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from  the low er  plenum  into the r ea c to r  c o r e ,  a f lex ib le  m eta l  s e a l  has been  

located  at the jionction. T h is  s e a l  m u st  be capable  of r e s is t in g  the loads  applied  
to it  s a t is fa c to r i ly  throughout the rea c to r  l i fe .  T h ese  loads are: (1) an in ternal
p r e s s u r e  of 15 p s i  due to the p r e s s u r e  d if feren tia l  a c r o s s  the grid p late , and 
(2) th ose  loads induced by the expansion  and con traction  of the grid  plate which  

m ay be as m uch as 1 /4  in. The m a te r ia l  used  for the s e a l  i s  Type 321 SS with  

a th ick n ess  of 0 .050 in. The s t r e s s e s  resialting fro m  the 15 -p s i  p r e s s u r e  drop  
have b een  found to be ~ 6750 ps i.  The ASME B o ile r  Code a llow able  s t r e s s  is  
13,500 p s i  at 1000°F. S t r e s s e s  resu lt in g  fr o m  a 1 /4 - in .  d isp la cem en t w e re  
com puted on an e la s t ic  b a s is  to be ~ 88 ,000 p s i.  The com bination  of the m e ­
chan ica l and d isp la ce m e n t s t r e s s e s  w as  analyzed  by the fatigue c r i t e r ia  of
R e fer e n c e  3, and it  w a s  found that the dam age factor  w as ~ 0 .004. This c o m -

5
p a res  w ith  the a llow able  value of 0.8.

f. M oderator  E lem en t Support Rods

The m od erator  e lem en t  support rods are  subject to m ech a n ic a l  as  
w e ll  as  th erm a l lo a d s .  The m ech a n ica l  load  w hich  m u st  be tr a n sm itted  during 
norm al rea c to r  operation  i s  the p r e s s u r e  d if feren tia l  a c r o s s  the gr id  p late  and 

the w eight of the m od erator  e le m e n ts  l e s s  the e ffec t  of buoyancy.

The sod ium , as it  en ters  the low er  plenum , im p in ges  on the support  

rods developing la te r a l  fo r c e s .  F u rth er , th is  flow  im p in gem en t p ro m o tes  the 
form ation  of v o r t ic e s ,  and th eir  breaking  away fro m  the rods p rod u ces  v ib r a ­

tions in  the rod.

The th erm a l loads on the m o d era to r  e lem en t  support rods r e s u l t  from  

the tem p era tu re  changes o ccu rr in g  in  the lo w er  plenum . T h ese  tem p era tu re  

changes c a u se  expansion  and con traction  of the var iou s  e lem en ts  of the low er  
plenum. T h erm a l s t r e s s e s  a re  a lso  developed  in  the rod  by v ir tue  of a change  

in the am b ien t tem p era tu re .  The c ir c u m fe r e n t ia l  and rad ia l s t r e s s e s  w hich  

res \ i l t  further co m p lica te  the s t r e s s  distribution .

The rods w hich a r e  subject to the m o s t  s e v e r e  loading conditions are  

lo ca ted  d ir e c t ly  in front of the in le t  n o z z le s .  The m ax im u m  m e ch a n ica l  s t r e s s  
in a rod at th is  lo ca t io n  has been  found to be ~ 15,000 p s i .  T his  s t r e s s  l e v e l  
s ligh tly  e x ce e d s  the ASME Code a llow ab le  va lue  of 13,850 p s i at 950°F. How­
ev er ,  it  i s  fe lt  that the amount of deviation  is  not s ign ifican t. The m ax im u m  
th erm al s t r e s s e s  o ccu r  at th is  lo ca t io n  as  w e l l ,  due to the d irec t  im p ingem ent

N A A -S R -7 3 6 6
30



of hot sod iu m  on th ese  rod s . T h erm a l fatigue a n a ly s is  of the support rods  
show ed that the dam age factor  due to the to ta l of a l l  acc id en t tran s ien t  conditions  

as w e l l  as  n orm al operation  i s  l e s s  than 0 .01 .

g. C ore C lam p A s s e m b ly

The co re  c lam p  a s s e m b ly  p o s it io n s  and r e s tr a in s  the m od erator  

e lem en t  at th e ir  tops. T here  a re  s ix  co re  c la m p s arran ged  in a hexagonal p a t­
tern  around the m od erator  can s . The c lam p  a s se m b ly  i s  m ounted on a cen terin g  
ring w hich  i s  m ounted on a support led g e  lo ca ted  on the in s id e  w all  of the reactor  

v e s s e l .  Both the c la m p s  and the r ing  a re  m ade fro m  Type 405 SS to m atch  the 
c o e f f ic ien t  of expansion  of the m od erator  e lem en t  s p a c e r s .  The c lam p s have a 
b u ilt - in  lock ing dev ice  such that when the c lam p s a re  in the c lo se d  posit ion  the 

linkage i s  p ast dead cen ter  and fo r c e  fro m  the co re  cannot lo o se n  the c lam p s.  
L ocating pins and lugs a re  w e ld ed  to the cen ter in g  ring and support ledge to 
allow  for rad ia l expansion  but p reven t g r o s s  m ovem en t of the c o re  with r e sp e c t  
to the rea c to r  v e s s e l .  A s light nom inal rad ia l c lea r a n c e  (0.035 in .)  betw een the 

s ix  c lam ping  m e c h a n ism s  and the adjacent m od erator  e lem en t sp a c er s  en su res  
that th ere  w il l  be no c lam ping  loads  under d esign  operating conditions.

Under s e i s m ic  loading, the ring w i l l  r e s i s t  the horizonta l thrust of 
the m od erator  e lem en ts .  H ow ever , the r ing w il l  not r e s i s t  the total s e i s m ic  

design  loading (0.05 g, per the U niform  Build ing Code for Zone I) due to its  

f le x ib il i ty .  Under the fu ll  la te r a l  s e i s m ic  load  (11,000 lb), the r ing w i l l  t r a n s ­
fer  the load  to the upper led ge  of the r ea c to r  v e s s e l .  The m axim um  bending 

s t r e s s  in  the c lam ping  b ars  fr o m  the s e i s m ic  loading is  e s t im a ted  to be 18,000  

p s i ,  w hich  i s  below  the y ie ld  s t r e s s  o f  23 ,000 p s i at 1000°F.

Under tra n s ien t  tem p era tu re  cond it ions, the th erm al growth of the  

c lam ping  a s s e m b l ie s  and the r ing  m ay  lag  the m od erator  e lem en t  sp acer  th erm al  
growth. The m ax im u m  tem p era tu re  d if feren ce  betw een  the m od erator  e lem en t  
sp a cer  and the r ing o c cu rs  during preheating  and i s  100°F. The m axim um  c o m ­
bined s t r e s s  in  the r ing is  e s t im a te d  a s  31 ,000 p s i ,  w hich is  below the y ie ld  

s t r e s s  of 40 ,000  psi at the p reh eatin g  te m p er a tu r e s  (room  tem p eratu re  to 350°F). 
T em p eratu re  tra n s ien ts  during rea c to r  operation  w i l l  not cau se  th erm a l s t r e s s e s  
in  the r ing.
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3. T h erm al Sh ields and T h erm al Insxilation

T h erm al sh ie ld in g  i s  req u ired  to attenuate the inc id en t gam m a and n eu ­
tron radiation  to p reven t the c o n cre te  b io lo g ica l  sh ie ld in g  fro m  overheating .
The th erm a l sh ie ld in g  is  p rov ided  by two, 2 - 3 / 4 - i n . - t h i c k  con cen tr ic  cy lin d ers  

of carbon s t e e l  lo c a te d  in  the annular sp ace  betw een  the rea c to r  v e s s e l  and the 

outer v e s s e l .  It i s  built up fro m  seg m en ts  w hich  a re  a ttached  to the outer v e s s e l  
by "T" shaped b ra ck e ts  running the depth of the v e s s e l  longitudinally . T h ese  

b ra ck ets  keep the th erm a l sh ie ld s  in proper a lign m ent w h ile  p erm itt ing  rad ia l  
expansion.

The th erm a l sh ie ld s  a re  n o n -s tru c tu r a l  i t e m s ,  their  d esign  being g o v ­
ern ed  by sh ie ld in g  req u ir em en ts .  T h ere  a re  no s ig n if ica n t th erm a l s t r e s s e s  
within the sh ie ld s  t h e m s e lv e s ,  s in ce  the tem p era tu re  grad ients  a re  l in ea r  and 

the sh ie ld s  a re  not m e c h a n ic a l ly  r e s tr a in e d .  The amount of th erm a l bowing is  
r e la t iv e ly  m in or.

B lo ck  th erm a l in su la tion  i s  m ounted on the outside  p er ip h ery  of the outer  

tank and c o n s i s t s  of 12 in. of Super ex  insu lation . The th erm a l sh ie ld s  and b lock  
in su la tion  red u ce  the en erg y  lo s s  fro m  the rea c to r  and the cav ity  coo ling  load.

The top of the ca v ity  i s  in su la ted  with s im ila r  Super ex  insu la tion  w h e r ­
ever  it  i s  ex p o sed  to heat radiating fr o m  the th erm a l sh ie ld s  or fr o m  the co re  
v e s s e l .  A lso ,  th ere  is  b lock  in su la tion  b etw een  the outer v e s s e l  and the cavity  

l in er ,  in  and around the v e s s e l  support co lu m n s. T his  in su la tion  i s  com patib le  
with l im ite d  am ounts of sod ium  vapor.

The rad ia l and a x ia l tem p era tu re  d istr ibu tion s in  the th erm a l sh ie ld  and 
th erm a l in su la tio n  a re  shown in  F ig u r es  8 and 9. The m ax im u m  tem p eratu re  is  

~ 1030°F and o c cu rs  s l ig h t ly  below the top o f the a c tiv e  c o re .  T h ere  a re  no s i g ­
nificant s tru c tu ra l  p ro b lem s  in  the th erm a l sh ie ld s  and insu lation .

4. Outer V e s s e l

The outer v e s s e l  surrounds the rea c to r  v e s s e l .  The side  w a lls  of the v e s ­
s e l  a re  1 /2  in. th ick  and a re  m ade of A S T M -A -3  87 Grade A for r e s i s ta n c e  to 
graphit ization  at high tem p era tu re .  The bottom  head a r ea  is  ~ 1 - 1 /2  in. thick,' 
and s in ce  the te m p er a tu r e s  in  th is  a r ea  are  low , A S T M -A -212  G rade B i s  used  

for e a se  of fab rica tion . The gap b etw een  the r ea c to r  v e s s e l  and containm ent  

v e s s e l  i s  ~ 10 in. ; h o w ev er , the th erm a l sh ie ld s  occupy 5 - 1 /2  in. of th is  space.  
The guard pipes surrounding the p r im a ry  piping a re  fa b r ica ted  fro m  A S T M -A -  
155 C la s s  2.
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The m ech a n ica l  loads  on the outer v e s s e l  are  p r im a r ily  developed at the 
low er  portion of the v e s s e l .  The bottom  plate of the v e s s e l  t r a n s fe r s  the load  
of the rea c to r  v e s s e l  and th erm a l sh ie ld s  to the rea c to r  support s tructure . The 

p ed esta ls  of the support s tru c tu re  are  lo c a te d  so that the rea c to r  v e s s e l  support 
pads a re  not in  d irec t  a lign m ent. C onsequently , bending s t r e s s e s  of 4500 p s i  
a re  developed  in the p late . The a llow able  bending s t r e s s  for the m a ter ia l  
(A ST M -A -212  Grade B) at 950°F i s  6750 ps i .  ^

The rad ia l and a x ia l tem p era tu re  d istr ibutions in  the outer v e s s e l  are  
shown in F ig u r es  8 and 9. The m ax im u m  tem p eratu re  in the outer v e s s e l  is  
~ 1030°F and o c cu rs  s l ig h t ly  below  the top of the ac tive  co re .

The load s  acting  on the jo in ts  b etw een  the guard p ipes  and outer v e s s e l  
are  m a in ly  the rad ia l load s  and the longitudinal and c irc u m feren tia l  m om en ts .  
Since the m agnitudes  of the loads a re  d ifferent at each n o zz le ,  a different s t r e s s  
is  app lied  to each  n o zz le .  The outer v e s s e l  m ay a lso  be subjected  to earthquake  

loading. T his  w i l l  have an e ffec t  on the s t r e s s e s  at the joint. In order  to take 
into account the e ffe c ts  of an earthquake on the containm ent v e s s e l ,  an a c c e l e r ­
ation of one g w as used . This i s  co n s id era b ly  in e x c e s s  of the value of 0.05 g

9req u ired  by the U niform  Building Code. The m axim um  s t r e s s  due to the c o m ­
bined e ffec t  of the rad ia l load, longitudinal and c ircu m fe re n t ia l  m om en ts , and  

earthquake loads o c cu rs  at the jo int of the outlet guard pipe to the outer v e s s e l
and i s  2 ,800 p s i .  The a llow able  bending s t r e s s e s  are  b a sed  on 1 -1 /2  t im es  the

2
m em b ran e  s t r e s s  a llow able  g iven  in  the ASME B o iler  Code, or 6,750 p s i  at 
950°F.

During n orm al operating con d it ion s , the outlet n o z z le s  are at ~ 950°F, 
w h ile  the in le t  n o z z le s  a r e  at ~ 650°F. The plate m a ter ia l  of the outer v e s s e l  is  
SA-387G RA. The a llow ab le  bending s t r e s s  for SA-387G RA, at 950°F i s  10,000  

p s i ,  w h ile  at 650°F, the a l low ab le  bending s t r e s s  i s  16,250 ps i .  Thus, the 
s t r e s s e s  developed  at the joint of the guard p ipes  and the outer sh e l l  a re  within  
the a llow able.

The outer v e s s e l  i s  a lso  subject to la te r a l  loads that can r e su lt  from  two 

e n t ir e ly  sep a ra te  c a u s e s .  The f i r s t  is  due to a d ifference  in fr ic t ion  fo r c es  b e ­
tw een  the supports and the bottom  head of the v e s s e l ;  the second  i s  due to e a r th ­
quake loading. The earthquake loads w e re  com puted from  the c o e f f ic ien ts  of the

9U niform  Building Code for Zone I. The m ax im u m  la te r a l  load res \ i l t s  from  the 
earthquake loading.
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S e is m ic  loads  a lso  a ffec t  the d esign  of the keys and k eyw ays, the w a lls  

of the outer v e s s e l ,  and the th erm a l sh ie ld  gu id es . The w a lls  of the outer tank 
m u st ab sorb  the im p o se d  e n erg y  loads due to m o v em en t of the th erm a l sh ie ld s  

during an earthquake. The flanged  T s ec t io n s  reta in in g  the th erm a l sh ie ld s  are  
designed  to m in im iz e  the im p a ct of the th erm a l sh ie ld s  on the rea c to r  v e s s e l .

T h erm a l s t r e s s e s  in  the outer v e s s e l  a re  developed  fro m  two c a u s e s .
The f ir s t  i s  due to a d if feren ce  in  the a v era g e  tem p era tu re  of the bottom  head  
and the a v era g e  tem p era tu re  of the cy l in d r ic a l  w all.  Inasm uch as the d ifference  

in av era g e  te m p er a tu r e s  i s  ~ 50°F at s te a d y -s ta te  con d it ion s , the th erm a l s t r e s s  
l e v e l s  a re  not ap p rec iab le . The seco n d  condition which r e s u l t s  in a th erm a l  
shock i s  due to sod ium  sp i l la g e  into the v e s s e l .  The v e s s e l  i s  adequate to c o n ­
tain the sodium  in the event that the outer v e s s e l  f i l led  w ith  sodium  at 945°F.
The tota l m ax im u m  s t r e s s  due to the hyd rosta tic  head of sod ium  is  ~ 7900 ps i.  
The v e s s e l  i s  a lso  adequate to r e s i s t  the th erm a l shock i f  th is sodium  at 945°F  

i s  dumped into the annulus b etw een  the two v e s s e l s  in stan tan eou sly .

R e s is ta n c e  h e a te r s  a re  lo ca ted  d irec t ly  below  the outer v e s s e l  head and 
a re  supported  by a p o lish ed  SS r e f le c to r  sh eet  w hich l i e s  on top of the low er  
support s tru ctu re  insu la tion . The bottom  h ea te r s  are  u sed  during preheating  
and to m ain ta in  the rea c to r  c o r e  and stru ctu re  tem p era tu re  at or above 3 50°F 
during any p ro lon ged  shutdown of the r ea c to r .  T here  a r e  24 a c t iv e  and 12 spare  
h ea te r s  provided  w hich  a re  ra ted  at 7 .5  kw each and w i l l  be op erated  at o n e -  
th ird  th eir  ra ted  pow er.

5. R eactor  Support Structure

The tota l heat gen era t ion  d istr ibu tion  through the rea c to r  support s t r u c ­
ture is  shown in F igu re  10.

The m ax im u m  tem p era tu re  in  the support co lu m n s during n orm al o p e r a ­
tion  i s  600°F and the a v e r a g e ,  ~ 375°F. The tem p era tu re  d istr ibution  in  the 
support s tru ctu re  i s  shown in  F ig u re  11.

The m ech a n ica l  load s  on the support p e d e s ta ls  va ry  fro m  2 5,000 lb at the 

o u term o st  p e d e s ta ls  to 11,000 lb at the inner on es . The outer p e d e s ta ls  c a rr y  
a grea ter  load b eca u se  they m u st  support the w e igh t of the th erm a l sh ie ld s  and 

in su la tion , as  w e l l  a s  a s s i s t  in  supporting the w eight of the rea c to r  v e s s e l .
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F r ic t io n a l fo r c e s  are  d evelop ed  b eca u se  o f the r e la t iv e  exp ansion s and 
co n tra c tio n s o f the r ea c to r  and conta inm ent v e s s e l .  T h ese  la te r a l fo r c e s  in ­
duce add ition al s t r e s s e s  in  the support p e d e s ta ls . The s t r e s s  le v e l  in  the p ed ­
e s ta l w ill  vary  a cco rd in g  to the tem p era tu re . A s the tem p eratu re  of the com p o­
nents in  the r ea c to r  ca v ity  in c r e a s e s ,  the exp an sion  of the rea c to r  v e s s e l  r e la ­
tiv e  to the support p e d e s ta ls  d e c r e a s e s  the e c c e n tr ic ity  of the app lied  load. The 
m axim um  m ech a n ica l s t r e s s  o c c u r s  at the b a se  of the p ed esta l w hen the rea c to r  
is  at 350®F and is  equal to 12,300 p s i. D uring n orm al op eration , the m axim um  

m ech a n ica l s t r e s s  i s  a p p ro x im a te ly  12,000 p s i.

D uring n orm al op era tio n , the m axim u m  th erm a l s t r e s s  o ccu rs  at the 
b a se  of the p ed esta l and i s  equal to 9200 p s i. T his i s  due to the lin ea r  th erm al 
grad ien t fro m  607°F at the top o f the sh im  p late  to 150®F at the b a se  of the su p ­
p ort p e d esta l. The m axim u m  th erm a l s t r e s s  at the b ase  of the support p ed esta l 
during the a cc id en ta l tr a n s ie n t con d ition  w h ere  the rea c to r  v e s s e l  low er plenum  

ch an ges fro m  607 to 945®F is  equal to ~ 16,200 p s i. T his i s  the m axim um  th e r ­
m a l s t r e s s .

D uring n orm al op era tio n , the com bin ed  th erm a l and m ech a n ica l s t r e s s e s  

a re equal to 21,500 p s i. The a llow ab le  s t r e s s  for SA -106 Grade B below  650°F  
i s  22 ,500  p s i.

The s t r e s s e s  d evelop ed  in  the support p e d e sta ls  a fter  the accid en t  
tra n s ien t con d ition  r e su lte d  in  a to ta l s t r e s s  le v e l  of 25,500 p si. T h ese  s t r e s s e s  

a re  h igh er  than the a llow ab le  va lue of 22,500 p s i but a re  not s e r io u s  b eca u se  of 
the v ery  low  th erm a l fa tigu e dam age fa c to r .

6. R eactor  C avity  L iner and R ea cto r  C avity  D iaphragm  Seal

The rea c to r  ca v ity  lin er  p ro v id es the fin a l containm ent b a r r ier  betw een  
the r ea c to r  and the a tm o sp h ere . In the even t of a sod ium  lea k  betw een  the 

rea c to r  v e s s e l  and the outer v e s s e l  the sod ium  le v e l  in  the rea c to r  w ill  drop 

~ 3 ft w hich  is  about 9 ft above the top of the a c tiv e  c o r e . The sod ium  can be 

brought up to it s  o r ig in a l le v e l  by the add ition  of -  500 cu ft of sod ium  fro m  the 
p rim a ry  f i l l  tan k s. If the outer v e s s e l  cou ld  not contain  the sod iu m , the le v e l in  

the r ea c to r  w ould  drop to about 2 ft below  the top of the a c tiv e  c o r e . H ow ever, 
the addition  of the sod ium  in  the p r im a ry  f i l l  tank w ould r a is e  the le v e l  back up 
to a point ~ 2 ft above the top of the a c tiv e  c o r e .
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The ca v ity  lin er  h eat load  is  535,000 B tu /h r . Included is  90 ,000 B tu /h r  

for in tern a l h eat gen era tio n  in  the lin e r  and the c o n cre te .

The m axim u m  co n cre te  tem p era tu re  w ill  be 175°F w ith  a nom inal m a x i­
m um  of 150®F. The m axim u m  c o n c re te  tem p era tu re  w ith the lo s s  of one coo lan t  

lin e  is  180°F. The a v era g e  ca v ity  lin e r  tem p era tu re  under norm al op eratin g  
con d ition s is  145®F. W ith the lo s s  o f one coo lan t lin e  th is a v era g e  tem p eratu re  
r is e s  to 160°F.

The bottom  p la te  of the ca v ity  lin er  tr a n s fe r s  the w eigh t of the r ea c to r  

c o m p lex  into the co n c re te  foundations. The load ing condition  on the bottom  
p late c o n s is t s  e s s e n t ia l ly  of the fo r c e s  and m om en ts ap p lied  through the support 
p e d e s ta ls . B eca u se  the support p e d e s ta ls  do not anchor into the co n cre te  

foundation d ir e c tly , the ca v ity  lin er  p late  is  m ore  h igh ly  s tr e s s e d . The m a x i­
m um  s t r e s s  in  the bottom  p late of the ca v ity  lin er  i s  ~ 15,000 p s i. T his c o m -

4
p a res w ith  the a llow ab le  va lue of 20,000 p s i.

The g a lle r y  diaphragm  s e a l  i s  d esig n ed  for an in tern a l p r e ssu r e  of 10 p s i  
w ith  the ou tlet p ip es op eratin g  at 1000°F and the in le t  p ip es at 607°F. The m a x i­
m um  s t r e s s  due to m ech a n ica l load in g  o ccu rs  at the ju nction  betw een  the d ish ed  
h ead  and the sk ir t a ttach ed  to the g a lle r y  l in e r . T his s t r e s s  is  eq u iva len t to a 

n orm al s t r e s s  o f 18,700 p s i , w h ich  is  l e s s  than the a llow ab le  bending s t r e s s  of 

20,600 p s i. T h erm al s t r e s s e s  due to tem p era tu re  g ra d ien ts and d is s im ila r  
m a te r ia ls  w e re  a n a ly zed  u sin g  the cum iolative dam age h y p o th esis  a s  the g o v e rn ­
ing c r ite r ia . The m axim u m  cu m u la tive  dam age o c cu rs  at the jo in t b etw een  the 
guard pipe and the tr a n s it io n  cone to  the p r im a ry  p ip e. The dam age factor  in  
th is  a r ea  is  equal to  0 .2 6 8 , w hich  is  a p p rox im ate ly  o n e -th ir d  of the lim itin g  
value o f 0 .8 .

7. C ore P r e h e a te r s

The c o re  p r e h e a te r s  c o n s is t  of the fo llow ing:

a) 12 m od era tor  p r e h e a te r s  w hich  have 76.3  w a tts  per foot of length  
in  the m od era tor  e lem en t reg ion .

b) 15 m od era tor  and lo w er  p lenum  p reh ea ters  w hich  have 76.3 w atts  

per foot in  the m od era to r  reg io n  and extend in to  the low er plenum  

w ith  320 w atts per foot.
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c) 6 m od erator  and upper p lenum  p reh ea ters  w hich  have 76.3 w atts  

per foot in  the m od era tor  reg io n  and 490 w atts per foot in the 
upper p lenum  reg io n .

The p r e h e a te r s  a re  arran ged  sy m m e tr ic a lly  in  the co re  w ith  a to ta l of 42 .8  kw 
in  the m o d era to r  reg io n , 9 .6  kw in  the lo w er  plenum , and 29.3 kw in  the upper 
plenum .
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IV. FABRICATION AND FIELD ERECTION

A. GENERAL,

D uring the p r e lim in a ry  d esign  ph ase  of the p ro jec t, one ob jectiv e  w as to  
a r r iv e  at a d esig n  w hich  w ould  a llow  co n s id era b le  la titude for fa b rica tio n . The 
in tent w as to e ffe c t iv e ly  u t iliz e  a v a ila b le  fa b r ica tio n  equipm ent and e x p e r ie n c e , 
th ereb y  obtain ing a h ig h -q u a lity , lo w -c o s t  product. It w as d eem ed  d e s ira b le  to 
obtain  a s in g le  fa b rica to r  for the rea c to r  s tr u c tu r e , exclu d in g  the ca v ity  lin e r ,  
who w ould  be r e sp o n s ib le  for  shop fa b r ica tio n , tra n sp o rta tio n , and f ie ld  
in sta lla tio n .

A to m ics  In tern ation al p er fo rm ed  p r e lim in a ry  su r v ey s  regard in g  the tr a n s ­
porting of the m ajor com p on en ts, b a sed  upon th e se  ite m s  being co m p le te ly  shop  

fa b rica ted . The m ajor ite m s  w ere  v e s s e l s  20 to 21 ft in  d ia m eter , and 35 ft in  

length . T h is in v e s tig a tio n  r e v e a le d  that th e se  com pon en ts cou ld  rea d ily  be 
tran sp orted . R iver  b a rg es  could  be u sed  for tra n sp o rta tio n  up the M is s is s ip p i  
and M isso u r i R iv e r s , to P la ttsm o u th  or O m aha, N eb rask a . Then m ovem en t by 

tru ck s , u sin g  seco n d a ry  road s to H allam , N eb rask a .

W ith the above o b jec tiv e s  in  m ind , a p r e lim in a ry  d esig n  package w as p r e ­
pared . T rip s w ere  m ade to p oten tia l fa b r ic a to r s . The d esig n  fe a tu res  of the 
stru ctu re  w e re  rev ie w e d  and com m en ts req u ested  regard in g  p oten tia l fa b rica tio n  

and f ie ld  p ro b lem s. P o ten tia l fa b r ic a to r s  w e r e  a lso  su rv ey ed  to d eterm in e  th eir  
c a p a b ilit ie s  a s  to shop fa b r ica tio n , tra n sp o rta tio n , and f ie ld  in sta lla tio n . The 
b a s is  for  qualifying a capab le fa b r ica to r  w as a s fo llo w s:

1) High quality  tank fa b r ica tio n  ca p a b ility  w as d e s ir e d , p re fera b ly  w ith  
so m e ex p e r ie n c e  on n u clea r  w ork.

2) The fa b rica to r  m u st be cap ab le o f p erfo rm in g  a ccu ra te  m ach in ing on 

la r g e  d ia m e te r s , e ith er  in  th eir  own shop or by su b con tractin g  to  
so m e oth er lo c a l shop.

3) A s t r e s s  r e lie v in g  fa c ility  e ith er  e x is t in g  or to be prov id ed  w as  
req m red .

4) Handling and shipp ing fa c i l i t ie s  and ex p e r ie n c e  w ith  la r g e  com ponents  
w as req u ired .

5) F ie ld  e re c tio n  c a p a b ilit ie s  and e x p er ien ce  w as req u ired .
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In g e n e ra l, th is  su rv ey  e s ta b lish e d  the sou n d n ess of the d esign  and a ssu r e d  the 

fe a s ib il ity  of obtain ing a num ber of sound, co m p etitiv e  b id s.

The fo llo w in g  sch ed u le  w as e s ta b lish e d  during the p re lim in a ry  d esign  phase:

D esig n  2 /1 /5 9 ___________________ 1 1 /1 /5 9

M a ter ia l P ro cu rem en t 7 /1 /5 9 ___________________6 /1 /6 0

Shop F a b r ica tio n ______________________ 4 /1 /6 0 ___________________ 1 0 /1 /6 0

F ie ld  In sta lla tio n  6 /1 /6 0 ___________________1/ 1/61

A ssu r a n c e  w as obtained  that the to ta l t im e  a llo w ed  for shop and f ie ld  w ork w as  
su ffic ien t. The phasing of w ork  wotold be d eterm in ed  after  se le c t io n  of a p a r ­

ticu la r  fa b r ica to r .

A d es ig n  sp e c if ic a t io n  w as p rep a red  for the ca v ity  lin er  e sta b lish in g  p e r t i­
nent d esig n  r eq u irem en ts . T h is sp e c if ic a t io n  w as tra n sm itted  to B ech te l 
C orp oration , who in  turn , p rep a red  the fin a l d esign  draw ings and sp ec if ica tio n s  

for p ro cu rem en t of th is  ite m . T his p roced u re  w as e sta b lish e d  so that B ech te l 
cou ld  coord in ate  the f ie ld  in sta lla tio n  of th is  com ponent w ith the co n crete  w ork  
surro\ind in g the rea c to r  stru c tu re  w hich  w as a lso  th eir  r e sp o n sib ility .

H enry P ra tt Com pany w as s e le c te d  as the cav ity  lin er  fa b rica to r . B eca u se  

of the c r it ic a l  r eq u irem en ts  e s ta b lish e d  for th is  com ponent, it  w as deem ed  n e c ­
e s s a r y  that A to m ics  In tern ation al p erfo rm  a ll quality  co n tro l su rv e illa n ce  in  the 

shop and fie ld . A ll w e ld s  w ere  100% rad iograp hed , dye penetrant and h eliu m  

lea k  ch eck ed . The fin a l a ccep ta n ce  of th is com ponent w as a 24-h r  p r e ssu r e  

d ecay  te s t . The leak age  is  lim ite d  to one cubic ft in 24 hr w hen p r e ssu r iz e d  
to 2 - 1 /2  p s i.

A s fin a l d es ig n  s ta r ted , w e fa ced  the f ir s t  and m o st se r io u s  p rob lem  of the 

p ro jec t. M ost r e lia b le  so u r c e s  w ere  p red ic tin g  a ser io u s  s te e l  s tr ik e  for the 
p er io d  in  w hich  w e an tic ip a ted  our m ajor m a te r ia l p rocu rem en t effort. A d e ­
c is io n  w as rea ch ed  to exp ed ite  the fin a l d esig n  package and it w as r e le a s e d  for  

b id s in  January 1959. The fa b r ica to rs  bidding on the p ro ject w ere  req u ested  to 

im m ed ia te ly  p la ce  a m a te r ia l ord er  w ith  the m il ls .  The bid  return  date w as  
e s ta b lish e d  so that the u n su c c e ss f \il  b id d ers cou ld  be n otified  and ca n ce l th eir  

m a ter ia l o r d e r s  w ithout c h a r g e s . The above proced u re w as c a r r ie d  out and 
m o st of the m ajor s te e l  r eq u irem en ts  w e re  obtained b efore  the s tr ik e . The only  

m a ter ia l not obtained  b efore  the s tr ik e  w as som e Type 405 for the fu el plug
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s le e v e s  in  the load ing fa ce  sh ie ld . C on seq u en tly , the load ing fa ce  sh ie ld  w as  
d elayed  in  shop fa b rica tio n  and in d e liv e r y  to the s ite .

The fo llow in g  sch ed u le  w as d evelop ed  w ith  B aldw in L im a H am ilton  C orp. , 
the s u c c e s s fu l b idder for the rea c to r  stru ctu re:

M a ter ia l P ro cu rem en t 2 /1 /5 9

Shop F a b r ica tio n  4 /1 /5 9  2 /1 /6 0

F ie ld  In sta lla tio n  4 /1 /6 0 ______________ 1 2 /1 2 /6 0

With d elays that a r o se  fro m  m a te r ia l, and other p ro b lem s, the p ro jec t w as  

co m p leted  on the fo llow in g  sch ed u le:

Shop F a b r ica tio n  4 /1 /5 9 ______________ 1 /1 /6 1

F ie ld  In sta lla tio n  4 /  1 /60______________10/ 1 /61

T h is sch ed u le  w ould  appear to have d e layed  the p ro jec t by ap p rox im ate ly  

10 m onths. T his w as not the c a s e . When it  ap p eared  that the load ing fa ce  sh ie ld  
w as to be la te  in  d e liv e r y , a change in  seq u en ce  o f w ork  w as m ad e. The m o d e r ­
ator and r e f le c to r  e lem en ts  w e re  in s ta lle d  p r io r  to fin a l p la cem en t of the sh ie ld , 
th ereb y  a cco m p lish in g  the o v e r a ll com b in ed  scop e  of w ork  w ith in  sch ed u le .

B. SHOP FABRICATION

The m ajor fa b r ica tio n  of the v a r io u s  com pon en ts w as a lm o st e n tir e ly  a c ­
co m p lish ed  in  the B aldw in  L im a H am ilton  Shop. A ll c r it ic a l  f it -u p s  w ere  m ade  
in  the shop , in  ord er  to m in im ize  the f ie ld  w ork . To provide so m e \in d erstan d ­
ing for the scop e  of w ork , the fo llow in g  is  a d escr ip tio n  of the s iz e ,  w eigh t, and 

so m e to le r a n c e s  of the m ajor com pon en ts w hich  w e r e  shop fab ricated :

1) The rea c to r  v e s s e l  w ith  in ter n a ls  w e ig h ed  78 to n s, it s  shipping w eigh t 

w ithout in ter n a ls  i s  60 to n s. The d iam eter  is  19 ft h e ld  to ± 1 /4  in.
The len gth  is  33 ft 2 in.

2) The outer v e s s e l  w e ig h s 50.5  ton s. The d iam eter  i s  20 ft 8 in . h eld  
to ± 1 /4  in . The length  i s  3 5 ft 4 in.

3) The th erm a l sh ie ld  p an els w ere  ~ 6 ft w ide by 12 ft long by 2 - 3 /4  in. 
th ick . The to ta l w eigh t o f the sh ie ld  p an els  i s  225 ton s.
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4) The load ing  fa ce  sh ie ld  as  co m p le ted  in  the shop w ithout sh ie ld in g  
co n c re te  w e ig h ed  60 to n s. The m axim um  d iam eter at the top w as  
21 ft. The c le a r a n c e s  for  fit  into the ca v ity  lin er  w ere  h eld  to 1 /8  in. 
The o v e r a ll h eigh t is  5 ft 8 in.

A num ber of p h otographs. F ig u r e s  12 to 21, are  inclu ded  to show the v a r i­
ous com pon en ts in  w ork.

The shop w ork  in  g en era l m o v ed  along in  a v ery  sa tis fa c to r y  m anner.

The m ajor p ro b lem s w ere  r e la te d  to the loading fa ce  sh ie ld . The f ir s t ,  as  

m en tion ed  p r e v io u s ly , w as due to the in a b ility  to obtain su itab le  Type 405 m a ­
te r ia l  for  the fu e l plug s le e v e s .  Type 304 SS w as su b stitu ted  for the Type 405. 
The seco n d  w as in  d evelop in g  a p roced u re  for  m ach in e w eld ing of the s le e v e s  to  
the loading fa ce  sh ie ld . The m ach in e w eld  p roced u re w as abandoned and a ll  
w eld in g  had to be p er fo rm ed  by hand. T h ese  two ite m s  ca u sed  a m ajor delay  in  

the shop sch ed u le .

The la s t  com ponent to  be r e le a s e d  fro m  en g in eer in g  w as the rea c to r  v e s s e l  

b e llo w s . A to m ics  In tern ation al p la ced  a sep a ra te  co n tra ct for th is  com ponent. 
U n iflex  C orp oration , of L os A n g e le s , w as the su ccessfx il b idder.

A ll of the m a te r ia l for the b e llo w s  w as u ltr a so n ic a lly  in sp ec ted , a ll w eld ing  
w as dye p en etran t in sp e c te d  and w h ere  p o s s ib le , radiographed . The fin a l a s ­
sem b ly  w as h e liu m -le a k  ch eck ed . The m ajor p rob lem  encou n tered  w as in  p e r ­
form in g  the fin a l h e liu m  lea k  ch eck , due to the difficialty of secu r in g  a s e a l in  
ord er  to obtain  a fu ll vacuum  on the b e llo w s for h e liu m  probing.

C. TRANSPORTATION

A ll o f the com pon en ts fa b r ica ted  by B aldw in  L im a H am ilton, exclu din g the 
loading fa ce  sh ie ld , w ere  read y for  sh ip m en t in  M arch of I960. A route su rv ey  

w as m ade to d eterm in e  the b e s t  rou te  fro m  the M isso u r i R iver  to H allam . 
P la ttsm o u th , N eb ra sk a , w as s e le c te d  for unloading the com ponents and a co n ­
tr a c t w as le t  for truck in g  the com p on en ts to H allam .

The com p on en ts at B aldw in  L im a H am ilton  w ere  cocoon ed  and load ed  on a 

b arge . The tr ip  by barge w as m ade down the in land w a te r -w a y , a c r o s s  F lo r id a , 
and up the M is s is s ip p i and M isso u r i R iv e r s . The barge w as pulled onto the 
bank at P la ttsm o u th  and the com p on en ts un loaded on sp e c ia l ly  d esign ed  t r a ile r s .  
The o verlan d  tr ip  to H allam  w as a p p ro x im a te ly  80 m ile s .
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As the ca ravan  app roached  the end of the f ir s t  day's tr a v e l, the v e h ic le  
tran sp ortin g  the r ea c to r  v e s s e l  u p set and dropped the v e s s e l .  The v e s s e l  broke  

fro m  its  sk id  and r o lle d  ~ 3 50 ft into a co rn fie ld . A  c u r so r y  rev iew  w as m ade 
and th ere  w as no obvious dam age to the v e s s e l .  An in ten siv e  e ffo rt w as then  

m ade to plan and ex ecu te  i t s  r e c o v e r y . The rea c to r  v e s s e l  a r r iv e d  at the  
H allam  s ite  ~ 3 w eek s  a fter  the a cc id en t o ccu rred . F ig u re  22 show s the v e s s e l  

in  tr a n s it , the r e in fo rc in g  of one of the m any b r id g es  en ro u te , the rea c to r  

v e s s e l ,  and the r ea c to r  v e s s e l  tra n sp o rt sk id  in  the co rn fie ld .

In o rd er  to be su re  the v e s s e l  had su ffered  no s ig n ifica n t dam age, an in ­
te n s iv e  p rogram  of v is iia l, d im en sio n a l, dye p en etran t, rad iograp hy, and h e liu m  

lea k  te s t in g  w as undertaken  as  soon  a s  the v e s s e l  w a s s e t  up w ith in  the rea c to r  

bioilding. T h is in v e s tig a tio n  show ed that no dam age w as in cu rred  fro m  the a c ­
c id en t, w hich  w ould in  any w ay a ffec t the in teg r ity  or fu n ction al r eq u irem en ts  o f  
the rea c to r  v e s s e l .  T his w ork  w as p erfo rm ed  by P ittsb u rg  T estin g  L aboratory .

The shop fa b r ica tio n  of the load in g  fa ce  sh ie ld  w as co m p le ted  in  D ecem b er  
I960. The sh ie ld  w a s sh ipped  in  F eb ru a ry  1961. T his delay  w as n e c e s s a r y  

s in c e  the M isso u r i R iver  w as not ex p ected  to be n av igab le  until M arch  1961. 
T ran sp orta tion  w as over  the sam e route a s  p r e v io u s ly  e s ta b lish e d  and the sh ie ld  
a r r iv e d  at the H a llam  s ite  in  A p ril 1961. F ig u re  23 show s the sh ie ld  being  un­
loaded  at the H allam  s ite .

T ran sp orta tion  o f the r ea c to r  b e llo w s  fro m  L os A n g e le s  to the H allam  s ite  
w as a c co m p lish e d  by ra ilro a d . T h is req u ired  a sp e c ia l lo w -lo a d  car  to obtain  
the n e c e s s a r y  c le a r a n c e s . No d iff ic u lt ie s  w e r e  en cou n tered .

D. FIELD  INSTALLATION

The w ork  in  the f ie ld  p ro ceed ed  in  a s lo w  but s u c c e s s f i i l  m an ner. T here  

w ere  on ly  a few  m ajor p ro b lem s.

The m ain  6 0 -ton  bu ild ing cra n e  had to be u sed  for a ll  of the in sta lla tio n .
The m ajor lif t  w as 75 tons and c o n s is te d  of the outer v e s s e l  w ith  ap p rox im ate ly  
h alf of the in su la tio n  in s ta lle d  on the e x te r io r  su r fa ce . The in su la tio n  w a s in ­
s ta lle d  on the v e s s e l  b efo re  p lacin g  it  into the ca v ity  l in e r , b eca u se  th ere  is  on ly  
a 7 -in . ra d ia l gap b etw een  the in su la tio n  and the ca v ity  lin e r  w a ll. The th erm a l  
sh ie ld  p a n els  ca u sed  so m e trou b le  on in sta lla tio n . T h ese  had not b een  fitted  in  
the shop and so m e rew ork  had to be done to obtain  the prop er f it  up.
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The rea c to r  v e s s e l  b e llo w s ca u sed  the m o st ser io u s  f ie ld  p rob lem . In 
m aking the c lo su r e  w eld  b etw een  the low er  angle on the b e llow s a sse m b ly  and 
the rea c to r  v e s s e l ,  the w e ld  shrinkage ca u sed  the angle to ro ta te . T his r o ta ­
tion  produ ced  co n s id era b le  d is to r tio n  in  the low er two convolu tions of the 

b e llo w s . An e x ten s iv e  exam in ation  w as p erfo rm ed , th is  in clu d ed  a co m p lete  
n o n d estru ctive  in sp ec tio n , a s  w e ll a s  add ition al a n a ly tica l a n a ly s is . The co n ­
c lu s io n  of th is  effort w as that the b e llo w s  in  it s  ex is t in g  condition  w ould s a t i s ­
fa c to r ily  p er fo rm  its  function .

Due to the prob lem  en cou n tered  w ith  the loading face  sh ie ld , it  w as not on 
hand w hen req u ired  for the a lign m en t of the upper cav ity  lin er  w ith  the grid  

p la te . The a lign m en t w as a c co m p lish e d  in stea d  from  shop a s -b u ilt  in form ation . 
The upper ca v ity  lin e r  w as w eld ed  to the ca v ity  lin er  and co n cre te  sh ie ld  poured  
around it  b efo re  a r r iv a l o f the load ing fa ce  sh ie ld . Upon a r r iv a l of the loading  

fa ce  sh ie ld  it  w as p la ced  into the upper ca v ity  lin e r . The N -S  and E-W  c e n te r ­
lin e s  w ere  ch eck ed  w ith  the rea c to r  g r id  p la te . T h ese  c en te r lin e s  co in c id ed  
w ith in  0 .015 in . The sh ie ld  w as ro ta ted  360° and rech eck ed . The c en te r lin es  
zer o e d  in  on the o r ig in a l d im en sio n s. The em pty sh ie ld  w as then rem o v ed  and  

p laced  in  an adjacent a rea  for the p la cem en t of co n cre te  sh ie ld in g .

A fter p la cem en t of the c o n c re te  sh ie ld in g  in  the m od erator rem ova l plugs 
and the load ing  face  sh ie ld , it  w as d isc o v er e d  that the req u ired  ova lity  to lera n ce  

of the m od erator  rem o v a l p lugs had not been  held . M achines for  grinding the 

b ore of the s le e v e s  and the ou tsid e  d iam eter  of the plugs w ere  bu ilt in  the fie ld . 
T h ese  w e re  u sed  to produce the n e c e s s a r y  fit.

The la s t  and la r g e s t  of the a s se m b ly  p ro b lem s o ccu rred  at the v ery  end of 
the f ie ld  e r e c tio n  w ork . The co m p le ted  loading fa ce  sh ie ld  had b een  r o lle d  over  

the r ea c to r  and lo w ered  into p la ce . The fin a l m ajor op eration  w as to rotate the 
sh ie ld  to p rove c le a r a n c e s  and to ch eck  the ro ta tion  sy ste m . The sh ie ld  could  

not be ro ta ted  through a fu ll rev o lu tio n  and had to be rem oved . E x ten siv e  m e a ­
su rem en ts  w e r e  then taken to fin d  p o ss ib le  points of in ter fe r en ce  and to ch eck  
the a x is  of revo lu tion . The sp e c ia l boring  to o l shown in  F igu re  24 w as u sed  to 
m achin e the upper ca v ity  lin e r  to a d iam eter  w hich  w ould return  the 1 /8  in. 
rad ia l c le a r a n c e .
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The lo a d in g  fa c e  s h ie ld  w a s  r e p la c e d  and the f la n g e  w h ich  c o n ta c t s  the  

guide r o l l e r s  w a s  grou n d  to a runout o f  o n ly  0 .0 0 9  in. W hen the gu ide r o l l e r s  

w e r e  r e p la c e d  the s h ie ld  r o ta te d  w ith ou t d iff ic \i lty .

A s  m e n t io n e d  b e f o r e ,  the fa b r ic a t io n  and in s ta l la t io n  of a l l  co m p o n e n ts  w a s  

p e r fo r m e d  a c c o r d in g  to  the b e s t  known p r a c t i c e s ,  e m p lo y in g  a l l  a p p lic a b le  

m e a n s  o f  n o n - d e s t r u c t iv e  t e s t in g .  Due to  the v e s s e l  c o n f ig u r a t io n  and unusual  

p r e s s u r e  r e q u ir e m e n t s ,  i t  w a s  im p o s s i b l e ,  p r a c t i c a l ly ,  to  p e r f o r m  a p ro o f  

p r e s s u r e  t e s t  on the c o m p le t e d  com p on en t;  th is  type of t e s t ,  t h e r e f o r e ,  w a s  not 

p e r fo r m e d .  A t o m ic s  In te r n a t io n a l  m a in ta in e d  c l o s e  s u r v e i l la n c e  of a l l  o p e r a ­

t io n s  p e r f o r m e d  in  the shop  and f ie ld .  T he b a s ic  r e a s o n  fo r  m a in ta in in g  th is  

high  d e g r e e  o f  q u a lity  in  m a t e r i a l  and w o r k m a n sh ip  w a s  to a s s u r e  c o m p le te  

c o n f id e n c e  w ith  r e g a r d  to p r im a r y  v e s s e l  in te g r i ty .

F ig u r e  12. R e a c to r  V e s s e l ,  ( lo w er  s e c t io n ,  2 in . th ick ,  228  in . OD, 
T yp e  3 04  SS, sh o w in g  one s o d iu m  in le t  n o z z l e ,  k e y w a y s ,

and su p p o r t  b o s s e s )
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F ig u r e  13. G rid  P la t e ,  F in is h e d  to  1 - in .  -T h ic k ,  T ype 304 SS (Shown at 
h o r iz o n ta l  b o r in g  m i l l  for  m a c h in in g  o f  h o le s  for  the fu e l  

e l e m e n t  and m o d e r a to r  can  supp orts)
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F ig u r e  14. G r id  P la te  w ith  141 M o d e r a to r  C an  Su pports  P l a c e d  P r e p a r a t o r y  to 
S e c u r in g  the Supp orts  to the G r id  P la te  (Other h o le s  a r e  

for p r o c e s s  tube n o z z l e s . )
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F ig u r e  15. R e a c to r  V e s s e l  o f  T ype 304 SS (V iew  during ra d io g r a p h in g  o f  f in a l  w e ld  jo in t s ,  
sh ow in g  su p p ort  pads and k ey w a y s  on the b o ttom  of the  v e s s e l .  )
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F ig u r e  16. C o n ta in m en t V e s s e l  Show ing 2 - in .  B o tto m  P la te  and L o w er  S h e l l
S e c t io n .  (ASTM - A -2 1 2  grad e  B s te e l )
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F ig u r e  17. C o n ta in m e n t  V e s s e l  (V iew  f r o m  b o ttom  sh ow in g  in s ta l la t io n  of v e s s e l  on sh ip pin g
sk id .  V e s s e l  i s  20 ft 9 in . OD and 35 ft 4 - 1 / 2  in . h ig h .)
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F ig u r e  18. R e a c to r  T h e r m a l  S h ie ld in g  ( 2 - 3 / 4 - i n .  - th ic k  p la te  to  A STM  s p e c .  A - 2 1 2  G rade B. 
T h is  i s  one o f  about 75 p la te s  w ith  a to ta l  w e ig h t  o f  o v e r  200 to n s .

The ra d iu s  i s  b e in g  fo r m e d  in  a p r e s s  b ra k e .  )



F ig u r e  19. U pper C a v ity  L in er  (T ype 4 0 5  SS show n w ith  the load in g  fa ce  
s h ie ld  s h e l l  b e in g  lo w e r e d  in  p la c e  to c h e c k  the fit)
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F ig u r e  20. R e a c to r  V e s s e l  B e l lo w s  (w e ld in g  o f  b e l lo w s  c o n v o lu t io n s
in  shop)
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F ig u r e  21. C a v ity  L in e r  (p r ior  to r e a c to r  s t r u c tu r e  in s ta l la t io n )
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F ig u r e  22. R e a c to r  V e s s e l  T r a n s p o r ta t io n



F ig u r e  Z'5. R e m o v in g  L oad in g  F a c e  S h ie ld  F r o m  T r a i le r
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F ig u r e  24. S p e c ia l  B o r in g  T o o l  F o r  U pper C a v ity  L in er
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V. CONCLUSIONS

The e x p e r ie n c e s  w ith  the d esig n  and co n stru ctio n  of the H N PF rea cto r  

stru ctu re  have e s ta b lish e d  the fo llo w in g  tech n ica l facts:

1) The rea c to r  s tr u c tu r e , fa b r ica ted  of au sten itic  and fe r r it ic  SS, can  
be r ea d ily  shop fa b r ica ted  and f ie ld  e r e c te d  to provide the req u ired  

c o n se r v a tiv e , r e lia b le  d esign .

2) The in co rp o ra ted  d esig n  fe a tu res  p erm it the m a ter ia ls  of c o n s tr u c ­
tion  to op era te  at v e r y  low  s tr e s s  le v e l s ,  p r im a r ily  due to the low  
p r e ss u r e  p rop erty  of liq u id  sod iu m , for the H N PF cond ition s.
F u ture d esig n s cou ld  r ea d ily  op erate  at h igher tem p eratu re  le v e ls  
(11 to 1200°F range) w ith  v e ry  lit t le  d esign  co m p lica tio n s.

3) The rea c to r  s tru c tu re  d esig n  w ill  a llow  la rg er  s iz e  s tru c tu res  to be 
fa b r ica ted  (up to 30 to 35 ft v e s s e ls )  such that co re  s iz e s  req u ired  for  
r e a c to r s  in  the 300 to 1000 M we range can be eco n o m ica lly  and p r a c ­
t ic a lly  co n stru cted .

4) M ore than adequate con ta in m en t or confin em en t cap ab ility  is  p r o ­
v ided  for w ithout a d v e r se ly  a ffectin g  the d esign . Low rad ioactive  
gas leak age can  be obtained  w ith p r a c tic a l, high quality w eld ing  and 

te s tin g  p r o ced u res .

5) D esig n  fe a tu re s  can r e a d ily  be in co rp o ra ted  to m in im ize  the e ffec ts  
of any rapid  th erm a l sh ock s w hich  m ight occu r under ca su a lty  co n d i­
tion s w ithout a d v e r se ly  a ffectin g  containm ent or o p erab ility .
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